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Abstract

The paper presents a new view of vector physical quantities as multicomponent quantities. Each of the
components of the mentioned multicomponent quantities can carry important and even unique information
about the sources and causes of their occurrence. Looking at the vector quantity as the multicomponent quan-
tity led to the need to form the corresponding conception. There are three positions of this conception in this
paper, which are formulated as follows: vector multicomponent physical quantities are considered as func-
tions of the set of their constituent information components; the communication functions of the specified
information components in the models of multicomponent physical quantities are determined by the laws of
vector algebra; information models of vector multicomponent physical quantities allow an alternative repre-
sentation of information components depending on the selected coordinate system.

The mathematical model of the vector multicomponent physical quantity is presented. This model is
fundamental and directly follows from the positions of the conception formulated above. This model can be
applied to describe multicomponent displacements and deformations that both simple and complex objects
undergo. An example of the complex object can be the manipulator of the universal industrial robot. The
space for modeling multicomponent displacements of simple objects was shown in the paper. Information
models of vector multicomponent physical quantities allow one to alternatively represent informative compo-
nents. And the task of constructing such models is complex and ambiguous. Therefore, the formal apparatus
for the synthesis of such models, which is based on certain rules and conventions, was proposed in the paper.
The theoretical foundations of the method of optical measurements of informative components of multicom-
ponent displacements and deformations of simple objects, which involves the use of multidimensional test
objects, are presented.

Keywords: conception, vector multicomponent quantities, multicomponent displacement, models of
multicomponent displacement and deformation, method of measurement.
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IlpencraBieH HOBBIM B3MJIST  HA BEKTOPHYHO (U3HYECKYHO BEIMYMHY KaK Ha BEIHUUHY
MHOTOKOMITOHEHTHY10. Kakaas U3 KOMIOHEHTOB YMOMSHYTBIX MHOTOKOMIOHEHTHBIX BEIUYHUH MOXKET
HECTH BAXKHYIO U JaKe YHHKAIbHYI HHOOpMANWio 00 HCTOYHMKAX W MPHUUYUHAX HUX BO3HHUKHOBCHHS.
PaccMoTpeHre BEKTOPHON BENMYMHBI KaK BEIMYMHBI MHOTOKOMIIOHCHTHON MPHUBEIO K HEOOXOTUMOCTH
(opMHPOBaHKS COOTBETCTBYIOIICH KOHICMIMU. [IpefCTaBICHBI TPH MOJOXKCHUS KOHIEHIIMU, KOTOPBIE
3aKITFOYAIOTCS B CIICAYIOIIEM: BEKTOPHBIC MHOTOKOMITOHEHTHBIC (DU3NYECCKUE BEUYMHBI PACCMATPUBAIOTCS
Kak (YHKIUH MHOXKECTBA COCTABIISIOIIUX MX WHPOPMATHUBHBIX KOMIIOHCHTOB; (DYHKIIUH CBSI3U Ha3BAHHBIX
HH(POPMATHBHBIX KOMIIOHEHTOB B MOJCSX MHOTOKOMITIOHEHTHBIX (DU3MYECKUX BEITHUUH OMPEACISIOTCS
3aKOHAMHU BEKTOPHOI anreOpbl; HHPOPMAIMOHHBIE MOJICTH BEKTOPHBIX MHOTOKOMIIOHEHTHBIX (BH3HUECKUX
BEIMYMH JIOMYCKAIOT allbTCPHATUBHOE MPEACTAaBICHUE WH()OPMATHBHBIX COCTABISIOIIMX B 3aBUCHMOCTH
OT BBIOPAHHOI CHCTEMbI KOOPIUHAT.

IIpencraBieHa MaTeMaTHUECKash MOJENb BEKTOPHOW MHOTOKOMITOHEHTHOW (DHU3UUECKOW BEITUYMHBI.
JlaHHast MoOJieNb SBISETCS OCHOBOIMOJATAIONICH M HEMOCPEACTBEHHO BBITCKACT M3 C(HOPMYTMPOBAHHBIX
BBIIIIC MOJIOKCHUN KOHIENIUU. MoJelib MOXKET ObITh MPUMEHEHA MPH OMHCAHMA MHOTOKOMITOHEHTHBIX
nepeMenieHnii U nehopMalinii, KOTopble MPETEPHeBAIOT M TPOCThIC, U CIOXKHBIE 00BEKTHI. [IpumMepom
CJIO)KHOTO O0BEKTa MOXKET OBITh MOJENh MAHHUIYJIATOPAa YHHBEPCATHHOTO MPOMBIIIICHHOTO POOOTA.
IToka3aHo TPOCTPAHCTBO MOJICTHUPOBAHUS MHOTOKOMITOHEHTHBIX TEPEMEIICHUI MPOCTHIX OOBEKTOB.
NHupopMaliioHHbIE MOJIENH  BEKTOPHBIX MHOTOKOMITOHEHTHBIX — (DM3MYECKMX BEJIMYHH TO3BOJISIOT
aNbTEPHATUBHO TIPEICTABIATH WHPOPMATHBHBIC COCTABISIONIME, a 3a7ada MOCTPOCHUS TaKUX MOecH
CJIOKHA W He ofHO3HAYHA. [109TOMY B cTaThe mpetokeH (HOPMabHbIHM anmapar CHHTe3a TAKUX MOJICICH,
KOTOPBI OCHOBaH Ha OMPEACIEHHBIX MPAaBUJIaX W COTNAIICHUSX. [IpeiCTaBICHBI TEOPETHUECKHE OCHOBBI
METO/Ia ONTUYCCKUX H3MEPCHUN HWH(POPMATHUBHBIX COCTABISIONMX MHOTOKOMIIOHEHTHBIX MEpeMEIeHIH
u aedopmanuii MPOCTHIX OOBEKTOB, KOTOPHIN MpeanosaraeT HCMOJb30BAHUE MHOTOMEPHBIX TECTOBBIX
00BEKTOB.

KuaroueBble cjioBa: KOHILENIMS, BEKTOPHbIE MHOTOKOMIIOHEHTHBIE BEIMYHMHBI, MHOTOKOMIIOHEHTHOE
nepeMeleHne, MOJIeIM MHOTOKOMIIOHEHTHBIX MepeMellieHni 1 JeopMaliuii, MeTo] H3MEPEHHUSI.
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Introduction

The terms “quantity”, “physical quantity”,
“measured physical quantity” are key in the theory
of measurements. The term of a physical quantity in-
tegrates in self the concepts of a kind, size, measure-
ment unit and value, which make it possible to fill
the initial a priori uncertainty in a particular area of
knowledge with physical meaning and quantitative
content [1]. In this case, the qualitative definiteness of
the quantity, which is formulated in the standard [1],
is based on the concept of dimension. Physical quan-
tities, for example, the length and diameter, which
have the same measurement unit, are recognized as
homogeneous. The same standard introduces the
concept of a derived quantity as a quantity included
in a system of quantities and determined through the
basic quantities of this system, each of which has its
own dimension. For example, velocity is a derivative
of two quantities that are distance and time. Force
is a derivative of mass and acceleration, the latter
of which is also a derivative quantity. Obviously,
the emergence and development of these terms are
a natural result of the complication of objects and
phenomena that fall within the sphere of human vital
interests. Therefore, keeping in mind the dialectics
of cognition, one should expect further development
in the affected subject area. Indeed, if we consider a
physical quantity as a property of a material object
or phenomenon, the question arises about the sources
of this property, sources that lead to a change in this
quantity, but have different reasons and, possibly, a
different nature. In this case, the resulting values of
quantities integrate the informative components from
the action of different sources. Thus, we are talking
about a system of homogeneous quantities, which
have the same or significantly overlapping spectral
range and show their effect in the resulting quantity,
which is essentially multicomponent. Informative
components of such multicomponent quantities are
of interest and therefore must be determined.

Such view of a physical quantity takes it be-
yond the terminology prescribed by the standard [1].
Based on the needs of practice, we come to the need
for new formulations, new models and new methods
for measuring such multicomponent quantities.

A comprehensive analysis of the problem and
an excursion into a number of technical applications
led to the concept of vector multicomponent physical
quantities [2, 3], which, for example, finds applica-
tion in the problems of determining the informative

components of complex multicomponent displace-
ments and deformations of objects of varying de-
grees of complexity.

The conception of the vector
multicomponent physical quantity

The first ideas that formed the basis of the con-
ception originated in the process of analyzing the
test results of aircraft gas turbine engines. Engines
elements under various operating conditions under-
go complex displacements and deformations. At the
same time, the sources of these displacements and
deformations often have a different nature and sig-
nificance, and in the aggregate they are reflected in
the resulting technical and economic indicators.

The presence of such sources is explained by
the structural complexity and energy saturation of
gas turbine engines. Any gas turbine engine is a mo-
bile system, which is affected by transient processes
when changing modes of its operation, vibration,
structural defects of components and assemblies, and
much more. The factors influencing the condition of
the engines are temperature and revolutions changes,
unsteady heat transfer, clearances in the blade locks,
rotors precession, pressure drops and much more.
Revealing the contribution of each source to the re-
sulting displacements of constructional elements at
the appropriate time and at selected points is of fun-
damental importance for assessing and identifying
design errors, and developing promising technical
solutions.

Thus, the resulting vector quantity, in this case
displacement, is essentially multicomponent, each
component of which carries information about the
sources and reasons for their appearance and change.

The view of the vector quantity as the multicom-
ponent quantity, which in an integral form reflects
the variety of processes that lead to complex dis-
placements and deformations of both complex and
simple objects, led to the realization of the need to
form the appropriate conception.

In papers [2, 3] the following definition of the
conception is given: if the controlled objects and
the processes associated with them have a complex
character and (or) structure, then the movements
that are their consequence are themselves characte-
rized by a certain structure, the elements of which are
interconnected in some way, are in interaction, have
a mutual influence on each other and carry addi-
tional information about the process or object.
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The conception of vector multicomponent
physical quantities is based on the following three
positions [2—4]:

— Vector multicomponent physical quantities
are considered as functions of the set of their con-
stituent informative components;

—The above-mentioned informative compo-
nent’s communication functions in models of multi-
component physical quantities are determined by the
laws of vector algebra;

— Information models of vector multicomponent
physical quantities allow alternatives representation
of informative components, depending on the selec-
ted coordinate system.

Then the mathematical model of a vector mul-
ticomponent physical quantity, which includes in-
formative components of the same dimension and
reflects complex processes occurring with the object,
is represented in the expansion along the axes of the
Cartesian coordinate system in the following form:

X, (r,1)= F(xlx (r,7) e X (r,‘c));

F(le (r,t),...,xpy (r,t)); , (1)

where X _(r,1), X, (r,7),X_(r,7) are the projections
of multicomponent displacements on the coor-
dinate axes of the Cartesian coordinate system;
X, (r,*c) oo X (r,*c) are projections of informative

components onto the k-th coordinate axis (k € {x,y,z})
of multicomponent displacement X; r, T are spatial
and temporal coordinates; F is communication func-
tion, which are determined by the physics of the in-
vestigated object or process.

This model follows from the provisions of the
conception formulated above directly and is funda-
mental.

The model (1) can be concretized with the pre-
sentation of the resulting value as a vector sum of
the corresponding informative components in accor-
dance with the second position of the conception:

p
X, (r,1)= 2%, (r1);
=
P
Xy(r,*c)=2xjy(r,r), , (2)
J=1
p
X (1) = Sx, (),
=1

p p
where Y x; (r,7), Y

Jj=1 Jj= =
vector sums of p informative components of the
coordinate components of the quantity X.

The third position of the concept is due to the
relativity of movement. Informative components
in models (1) and (2) can be expressed in different
ways depending on the position of the base coordi-
nate system and the selected point of the controlled
object. However, this does not affect the reliabi-
lity and reproducibility of informative components
in models when moving from one basic coordinate
system to another. The transition from one model to
another is carried out by an unambiguous recalcula-
tion using the corresponding homogeneous transition
matrix [5].

The ambiguity and multivariance of the models
are due to another significant circumstance.

Analysis of practical problems, which differ in
the complexity of objects and their trajectories in
real space, made it possible to structure the mode-
ling area:

— Models of complex multicomponent displace-
ments that simple objects undergo;

— Models of multicomponent simple displace-
ments that complex objects undergo;

— Models of multicomponent complex displace-
ments that complex objects undergo.

Another example of the complex object that
undergoes complex multicomponent movements is
the manipulator of the universal industrial robot. So-
lutions of direct and inverse kinematic tasks of the
robot manipulator using matrices of rotation and dis-
placement of the links allows one to select the infor-
mative components of resulting displacements of the
flange of the last link of the manipulator [5].

Obviously, multicomponent displacements in
models (1) and (2) describe the displacement of a
point of an object, which can belong to both a com-
plex and a simple object. Therefore, these models are
applicable in all these cases.

Before proceeding to the solution of the follo-
wing problems, it is necessary to clarify the termi-
nology. Many papers use the notion of multidimen-
sional displacement, which reflects the movement of
objects in three-dimensional space [6]. This term is
not equivalent or identical to the term of multicom-
ponent movement, which is discussed in this article.
Multicomponent displacements, which correspond
to the positions of the formulated concept, can be
one-dimensional and multidimensional.

P
ij(raT)» zsz(raT) are
j=l

284



Tpubopsl u memoost usmepenuii
2022.—-T. 13, Ne 4. — C. 281-290
V.N. Nesterov

Devices and Methods of Measurements
2022, vol. 13, no. 4, pp. 281-290
V.N. Nesterov

The space for modeling multicomponent dis-
placements of simple objects can be represented in
the following view (Figure 1).

Models of complex
diplacements of
simple objects

|
1

Two-dimensional
models

[
I

[

One-dimensional
models

|

Three-dimensional
models

I
|
Models that are
obtained by
aggregation

Single-component
models

Multi-component
models

Figure 1 — Classification of mathematical models of
multi-component displacements of mobile objects

Thus, even for simple objects, the modeling
space provides significant scope for creativity. In
addition, information models of vector multicom-
ponent physical quantities allow one to alternatively
represent informative components. This is directly
noted in the third position of the conception. That
is, the task of building such models is complex and
ambiguous. Therefore, a formal apparatus for the
synthesis of such models is needed, which is based
on certain rules and agreements.

Formal synthesis of models of multicomponent
displacements of moving objects

Let us take as a basis the model in the form
of the system of equations (2) and pass to the sca-
lar form. To do this, we introduce the coefficients
ik € [0,1], G.jk € {0,1,—1}, which are determined

by the following agreements:

mJﬁ:{

+1, if the projections of the vectors x; ik coincide with

0, if the information component X ;. (r,7) is missing;

(O,l], if the information component Xjjk (r,‘r) is present,

the directions of the corresponding coordinate axis;

—1,if the projections of the vectors x; ; ; do not coincide

with the directions of the corresponding coordinate axis;
0, if the corresponding information component

is missing,

where i is serial number of the models; k € {x,y,z}
determines the dimension of the models; j is serial
number of informative components.

Then model (2) will be written in the following
form:

p
Xix (I‘,T) = z T‘lijz\f(;’ij)cxz'jx (I',T) 5
j=1
S 5
Xy (r,7)= anjygljyxijy (r,7); (5
j=1

P
X[z (l‘,‘t) = 2 nijzgijzxijz (l‘,‘t) :
Jj=1

Model (5) is a combination of one-dimensio-
nal models, in which the informative components
Xy, (1, T), X, (¥, T), X, (1, T) are projections of the in-
formative components of the vector quantity X; on
the axes of the Cartesian coordinate system, and the
direction of these projections along the correspond-
ing axes determined by the signs that are established
by agreement (4).

Model (5) can be written in the generalized
form:

)4
Xy (r,t)= zng'jkgijkxzjk (r,7), ke{x,y.z}. (6)
J=1

The combination of variants from (6) makes it
possible to build models in one-dimensional, two-di-
mensional and three-dimensional spaces, which cor-
responds to the classification presented in Figure 1.

In accordance with the original formula-
tion of the problem the informational components
Xik (l‘,’E), JE {15---917} are of interest.

The task of defining informative components can
be illustrated by the following structure (Figure 2):

Xil(:r:T) Xf1("yT)
) (r3 0 F() XD E) ) (ri 0
ip\T> > ip\">»

Figure 2 — Illustration of the task of determining informa-
tive components for a one-dimensional model of a multi-
component quantity

Here F;(...) is the function of communication
of informative components: x;(r, 1),..., x,,(r, 1) in
a multicomponent physical quantity X;(r, t), which
can be described by model (6); F [l(...) is the inverse
function, which should provide the transition from
X;(r, 1) t0 x;1 (X, T),..., X, (1, T).

The problem is that a single-channel (one-di-
mensional) structure built on the basis of model (2)
does not allow the transition from X (r, 1) to X,(r, 1),
which is due to the incorrectness of such a task. The
way out of this situation is to combination the mo-
dels. The generalized structure of the system that
implements the combination of one-dimensional
models is shown in Figure 3.
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Figure 3 — Structure based on the combination of one-dimensional models that implements information redundancy

This structure illustrates information redun-
dancy, which can be realized, for example, by
several measurement channels and, accordingly,
by composing a system of equations that can be
solved with respect to each of the informative com-
ponents.

Plane models of multicomponent
displacements of moving objects

Each of the equations included in systems (1),
(2) or (5) is obtained by projecting the simulated
multicomponent quantity onto the corresponding
coordinate axis of the Cartesian coordinate system.
That is, each of the projections is a model of the mul-
ticomponent displacement of the object point in the
projection onto a one-dimensional space. The transi-
tion from three-dimensional models of multicompo-
nent displacements to flat models allows the latter
to be combined with images on the plane of video
cameras. This is important question for the develop-
ment of the method for measuring these informative
components.

If we take into account the zoom coefficient of
the optical system, then in accordance with (2) we
can write:

Y, (r,r):c{ixﬂ (r,'c)};
a ™)
Y, (r,r):c{gx” (r,T)},

where Y,(r, 1), Y,(r, 1) are images of multicompo-
nent displacements of some point of the object in the
coordinate system of the video camera; ¢ is zoom
coefficient of the optical system.

For convenience, let’s move on to the scalar
form of the model. To do this, we use the agreements
(3) and (4):

)4
2 nijxgtjxxijx (r’T) ;
j=l1

Yix<r,r>=c{

(r,r)=6{

The presence of combination coefficients: 1, ; ,
¢, .« makes it possible to automatically build models
that will reflect different processes and phenomena
in the object. Models (7) can be used in technical
vision systems to determine the informative com-
ponents of displacements of points of an object in
three-dimensional space. However, restoring the real
coordinates of points of moving objects in three-
dimensional space from their images on a plane
is incorrect task [5]. This problem can be solved
using binocular vision. But we will consider another
method, which had called the “method of multidi-
mensional test objects”.

@®)

p
Yy 2 MGy (1) 1

J=1

A method based on the use
of multidimensional test objects

The problem of reconstructing the informative
components of complex multicomponent displace-
ments of objects points in three-dimensional space
from their flat images is complicated additionally
by the fact that the known, including optical, mea-
surement methods are not selective to the mentioned
informative components. For this reason the pur-
pose of the method is to solve the illposed problem
of reconstructing the real values of the informative
components of the displacements of moving
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objects in three-dimensional space from their flat
images with no selectivity of the known measure-
ment methods and instruments to these compo-
nents.

Almost all known methods of improving the
quality of measuring systems, except for conserva-
tive ones, are based on the use of information redun-
dancy of system [7-9]. Here it is proposed to use
multidimensional test objects with a priori known
parameters at the input of the optical measuring sys-
tem to ensure information redundancy.

Since we are talking about restoring the compo-
nents of multicomponent displacements of objects
in three-dimensional space, which are vector quan-
tities, then the parameters of multidimensional test
objects that should be included in the model also
must be vectored quantities. The type and number
of multidimensional test objects parameters are de-
termined by the multidimensionality of controlled
displacements and are functionally linked to them in
the models of multicomponent displacements:

X, (r,‘t)=F(X1x(r,’t),...,pr (r,7),
X, (r,r):F(xly(r,’c),..., X, (r.7),
X, (r1)= F(xlz (r,7),..., X, (r,7), Ly, ...y qu),

where Ly, ..., L, are the parameters of the k-th co-
ordinate component L, of the multivariate test L; ¢
is the number of components of the k-th coordinate
component L, of the multivariate test L.

So, the principal feature of the model (8) is the
introduction into it as known informative compo-
nents of the test objects parameters Ly, ..., L, that
are set in vector form.

Figure 4 shows the two-dimensional test object
that is obtained by combining two one-dimensional
ones.

The test object ABCD is located in plane O X, Y,
and has the following known parameters:

AO, =nL,z and BO, = (1-n)L 4., (n = 0.5);
CO; = nL¢p, and DO, = (1-n)Lp, , (n = 0.5);
EB = (1-1)L 45, and FD = (1-n)Lcyp, , (n = 0.75).
These parameters in the models (8) are used in
vector form, for example:
AO; =nL,; =nL -1, (n=0.5);
BO, = (1-n)L 5, = (1-n)L . - i, (n =0.5);
CO; = nL¢p, =nLcp, " j, (n=0.5);
DO, = (1-n)Lp, = (1-n)Lp, - j, (n=0.5);

EB = (1-n)L 5, = (1-n)L 4, " i, (n = 0.75);
FD = (lfn)LCDy = (lfn)LCDy ’ j: (n = 075)’

where i and j are the basis vectors whose direction coin-
cides with the direction of the axes OyX,, and O,Y,.

A Y{) (I-H)LCD}'
»-Jé D “; Q-nL,,
g Pl
8 Z
~ A o E [B
é‘ i
3 | |
¥y — JcC
T nLABx (I'H)wa
. L,wx N
[ 'l___
0, X,
Z

0

Figure 4 — Two-dimensional test object in the form of the
cross

The task of classifying or displaying the variety
of test objects is not posed in this article. Here, only
the fundamental requirements imposed on them are
formulated.

The general methodology for the formation
of multidimensional tests and the functions of the
connection of their components with multicompo-
nent quantities in the models are determined by
the main provisions of the concept of vector multi-
component physical quantities and are formulated
as follows:

— Multidimensional multicomponent tests are
considered as functions of the set of their constituent
components;

—The above-mentioned test component’s
communication functions in the multicomponent
test models are determined by the laws of vector
algebra;

—Models of vector multidimensional multi-
component tests allow an alternative representation
of test components depending on the problem being
solved.

Based on the above provisions on the multidi-
mensional test object, let us determine the form of
the connection function F of informative compo-
nents X,,(r,7), ..., X, (r,7) and components L, ...,
L, of the k-th coordinate component L, of the mul-
tidimensional test L in model (8):
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{x,y.z} q

Fik{xlk(r’r)ﬂ'“ﬂ Xt (1,7), Lo qu}: 2 kbt 2 XX (1),
k u=l ko j=1

where i is the serial number of the communication
function; k e {x, y,z} is set of coordinate components;
u is the serial number of the components of the mul-
ticomponent test L. ,; j is the serial number of the
informative components of the A-th coordinate com-
ponent of the multicomponent displacement X, (r,7);

Viur €[0,1] are the weight coefficients that reflect the
absence — 0 — or the presence of — (0, 1] — of the cor-
responding component of the multicomponent test
L;, in the model (8); n;; €[0,1] are the weight coef-
ficients that reflect the absence — 0 — or the presence
of — (0, 1] — of the corresponding informative com-
ponent x,; (r,7) in the model (8).

This representation of the model (8) pro-
vides a mechanism for its adaptation to specific
practical problems by varying the coefficients:
Viux € [0’1]’ Viuy € [0’1]’ Viuz € [0’1]’ T]g‘jx € [0’1]’ T]ijy € [0’1]
n;. €[0.1] in the field of their definition.

Models (9), by analogy with (6), can be repre-
sented in scalar form. In order to do this, additional
conventions should be introduced, which we will
return to directly when describing the measurement
method.

Thus, we have constructed models of vector
multicomponent displacements in vector form and
when certain conventions are met in scalar form.
We understand the need for redundancy of the in-
formation entering the system to ensure the pos-
sibility of measuring the information components
sewn in these models. And we propose the method
for organizing information redundancy, which is
based on the use of multidimensional test objects.
Multidimensional test objects are rigidly connected
to a moving object and move with it. So, the infor-
mation redundancy is a necessary condition. Let’s
move on to the method.

Necessary and sufficient conditions

for the physical realization of the optical
measurement method based on the use
of multidimensional test objects

1. The ability to form a system of n equations
that are asymmetric with respect to informative
components X(r,1), ..., X, (r,7) ( ke {x,y,z} is the
set of coordinate components) of displacements

{xpz} p

(€))

of the corresponding points of the test object
image:

Vi D) =W {3 (0.0, 5 (00 L L
O (n2p=2)(10)

Yalr D) =W R, {0 (00 % (10), Ly Ly}

Fi{Xig (6,7), oo X (0), Lygs o Ly | #2 .

in{Xlk (I‘,T), ceey ka (l’,‘C), le, aeey qu},

where Y,(r,7), ..., Y,(r,T) are functions of dis-
placement of the corresponding points of the image
of the object being monitored relative to the se-
lected on the image of the points of reference;

F]{Xlk (r,T),..., ka (r,T), L]k”"’ qu},,

Fp{xlk(r,r),..., xpk(r,‘t),le,...,qu} are vector
functions of the set of informative components
X (r,7), ..., X, (1,7) and components Ly, ..., L (r,7)
of the coordinate component L, of a multidi-
mensional test object (of the multidimensional
test) L.

2. Realizability of special measuring and com-
puting algorithms:

Xy (1) = /1Y (1 1), Y, (1)}

Y

n

(12)

whose existence condition, with continuity and dif-
ferentiability Y,(r,7), ..., Y, (r,7) in the whole range
of measurement, is that the Jacobian does not be-
come zero:

det Y, (r, 1)

90X (r, 1)

The condition (13) is ensured by the implementa-
tion of the “asymmetry” of the values Y, (r, 1), ..., Y ,(I,T)
relative to their constituent components x,,(r,1), ...,
X, (r,7) and Ly, ..., L (r,7), which is expressed by
the inequality (11).

Obviously, when using a single-channel optical
system, the functions v, ..., y, are the identical. If
we use the transmission coefficient ¢ of the optical
converter, then the system of equations (10) can be
rewritten as follows:

(13)
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(n > pZZ).(14)

> xpk (l‘,’E), Ll/(’ e qu }} ’

If we use the formal mechanism of synthesis of
models and the agreements (3) and (4), which were
discussed earlier, we can proceed to the scalar form
of the system of equations (14):

'
},

where Y,(1), ..., Y, (1) are distances from the starting
points (marks) which had selected on the sensitive
plane of the image receiver to the i-th points of the
image of the controlled object; o is optical transducer
transmission coefficient; the coefficients y; take on
values according to the following agreement:

{rrz} ¢ {2} p

> 2 Eukviun L Z zﬁjkﬂuk*ﬂf

u=l1

2p22).(15)

frrs} p

Z zénuk"nuk%ﬁf > X Gk (7)

{ryz} 4

k=1

+1, if the projections of the vectors Y; (r,‘c) coincide with

the directions of the corresponding coordinate axes;

(16)

Vi

—1, if the projections of the vectors Y; (r,r) are opposite

to the directions of the corresponding coordinate axes,

where i corresponds to the serial number of the equa-
tion.

Since v, e {+1,—1} the system of equations (15)
can be written in the following form:

[ES I {eyz) p
ri(t)=-1,0 Z PRIWEIT RIS ZQI/Anlij,k()
%
Y 77’Yn {

u=l1
The agreement (16) is preserved for the sys-
tem of equations (17). And condition (13) for the
existence of the corresponding measuring and
computational algorithms that follow from the so-
lution from the system of equations (17) will look
I

as follows:
— N0, i=
9 X (‘c)}

de‘{ )

Having solved the system of equations (18)
with respect to x,,(1), ..., x,,(1), we obtain the cor-
responding measuring and computational algo-
rithms:

>p22).(17)

{2l 4

{2} p
Z 2 E-rrmk ik Luk + 2 2 ylc nnj/\ X// }

Y. (1

=1,p. (18)

(19)

(T3 2]

The appearance of the sign in front of the
value of the corresponding displacement component
indicates a direction that is opposite to the direction
of the corresponding coordinate axis.

Conclusion

The concept of vector multicomponent physical
quantities and the method of multidimensional test
objects in optical measurements, which are presented
in this paper, are the theoretical basis for construc-
ting measuring systems for determining the informa-
tive components of complex multicomponent dis-
placements and deformations of moving objects. The
possibility of solving the incorrect problem of resto-
ring the real coordinates of a moving object from a
sequence of its flat images is an additional advantage
of the method. Some particular implementations of
the presented method are shown in [10, 11]. There
are other patented examples, but they do not exhaust
all the possibilities of the theory presented here,
which, regardless of the presence of certain patents,
has independent significance.

The areas of practical applications of the presen-
ted concept and the method of optical measurements
of multicomponent displacements and deformations
are apparently beyond the limits of the author’s
imagination. If we consider complex mechanical
systems, then the optical measurement method can
be used to determine the components of complex dis-
placements and deformations of structural elements
in the process of finetuning and testing gas turbine
engines. As noted in the abstract, the informative
components of displacements and deformations are
displacements and deformations of the links of ma-
nipulators of universal industrial robots. At the same
time, it 1S known that a universal industrial robot
becomes technologically complete equipment after
performing a calibration operation, which requires
highprecision measurement of displacements and
orientations of the manipulator flange in the wor-
king area. The most important practical advantage of
the considered measurement method is the optimiza-
tion of the amount of additional information at the
input of the optical system. This makes it possible
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to obtain fast information processing algorithms in
vision systems designed to work as part of real-time
control systems.

Despite the quite strict and fairly consistent pre-
sentation, all even theoretical issues have not been
exhausted in the work. For example, it has already
been written about this, it is necessary to separately
consider the problem of generating multidimensional
tests, to investigate the effects of their type, number
and optimization of tests components on the quality
of the measuring system both in the general theoreti-
cal aspect and to solve specific application problems.
Therefore, a number of such questions have yet to be
considered and built into the body of the presented
theory.
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