MEASUREMENT OF THE GEOMETRIC PARAMETERS OF OBJECTS
BASED ON COMPUTERIZED PROCESSING OF VIDEOIMAGES
Podchashinskiy Yu., Syvak O.

INTRODUCTION

The urgent direction of modern instrument-making industry development is the
development of new high-speed precision tools for measuring and controlling the
mechanical quantities for industrial enterprises. In the framework of this direction,
the possibility of creating a system for measuring geometric parameters of objects
(for example, industrial products that are beeing manufactured) have been
investigated. For increasing accuracy and speed, expanding the functional abilities of
the created measuring system, modern methods of forming and computerized
processing of video images of objects of measurement have been used.

The traditional way of improving the metrological characteristics of measuring
instruments of mechanical quantities is design as well as technology improvment of
manufacturing of these instruments. But the possibilities of such an approach are
almost exhausted at the moment.

The modern method for measuring mechanical quantities is the formation and
algorithmic processing of signals, which contain useful information about the objects

of measurement® 2 3 *

. In this regard, the perspective direction of improving the
means of measuring mechanical quantities is the use of the capabilities of modern
information and computer technologies for the formation and computerized
processing of signals of measurement information (including video images) as wel as

the results of measurements>® %2,
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On the basis of computerized processing of video images the geometric
parameters (linear dimensions, angles, perimeter) of the external contour of objects
of measuring, as well as geometric parameters (area, center of mass, linear
dimensions, angular position, coefficients of geometric form) of structural elements
of surface of objects of measuring as a flat figure in the plane of a two-dimensional
Image can be measured. The results of mentioned measurements can be used to
control the quality of industrial products, to investigate various technical objects, to
evaluate and control the geometric parameters of objects in environmental studies.

The conducted research is directed on the solving of the actual scientific
problem, which consists in increase of accuracy and speed, expansion of functional
possibilities of means of measurement of mechanical quantities. The suggested
measuring system can be used to determine the geometrical parameters of various
technical objects and industrial products. Measurement of geometric parameters of
objects is carried out on the basis of the use of computer-aided processing of video

Images.

1. Geometric parameters of objects that can be defined
by using their video image
The surface of the objects of measurement can be characterized by a two-

dimensional function fy(X,y), where x and Y are the spatial coordinates in the plane
of this surface, and the value of the function f, for each pair of coordinates (X,Y) is

the measure of the brightness of the objects of measurement surface at the point with
these coordinates. The use of two spatial coordinates is due to the fact that a digital
image is formed for measurements, which is a two-dimensional projection of the

original three-dimensional object of measurements. Therefore, we will consider
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objects of measurement as a flat geometric figure, which is located in the plane of the
video image.

The surface of the product is located in the field of view of the optical system
of the device of video image formation (digital video camera) and projected by this

system in the plane of the initial video image f,(Xy,,Y\). where X, and y,, — the

spatial coordinates in the plane of the original video. This plane coincides with the
photosensitive surface of the converter “light-signal” in the digital video camera.
While forming video images, geometric errors™ arise due to: the distortion of
the optical system; non-perpendicularity of the plane surface of the objects of
measurement as well as the optical axis of the digital video camera; the differences in
the shape of the surface of the objects of measurement from the plane. As a result, on
the surface of the converter “light-signal” we obtain a video f(X,,Y,i) with
geometric errors. It is also necessary to take into account the presence of dynamic
errors of video images in the optical system that are characterized by the point
scattering function in the “light-signal” converter and electronic circuits characterized
by inertial properties at rapid changes in the amplitude of the video signal in the area
of the contours of the objects of measurement. In addition, all these digital video

camera blocks add random errors &(Xy,,Yy,) to the video image. As a result, we
obtain video image fy(Xy;,Yy,) that contain geometric and dynamic errors as well as
video image at the output of a digital camera

fe (v Yvi) = To(Xus Yvi) + &%, Yy ) with random errors.

Converters “light-signal” of modern digital cameras represent a matrix of
photosensitive elements. Such a matrix, together with an analog-to-digital video
converter, forms a digital video image fg(n,m), which is a two-dimensional array
(matrix) of reference brightness, whose values are quantized by amplitude. In this

case: N,m — the ordinal numbers (indices) of the discrete countdown of the amplitude

of the video signal in the rows and columns of the digital video image, nelN,
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melM: N, M — the number of discrete countdowns of video signal amplitudes in

the rows and columns of the digital video image of the product, which determines the
size of the digital video image at discrete points (d.p.). A digital video image

fe(n,m) is a video image representation in the digital form f-(X,,Yy,) on the

output of a digital video camera.

The digital video image fc(n,m) from the output of the digital video camera is

transferred to the computer. For an achromatic surface of objects of measurements

there is enough of one half-tone digital video image f-(n,m) that characterizes the

brightness of the points of this surface. For the chromatic surface of the objects of
measurement, a color digital video image is formed containing 3 channels (3 digital
monochrome video images) and characterizes the brightness and color of the surface
of the object according by a certain colorimetric system. The most common is the
colorimetric system RGB (R, G and B — respectively, the red, green and blue
colors, and brightness Y =0,30R +0,59G +0,11B 11,12, All the statements and methods

of computerized video image processing are applied to both the half-tonal digital
video image fr(n,m) as well as to each of the channels of color digital video image.

Algorithmic compensation of errors on a digital video image f.(n,m) is
performed in the computer. As a result, we consistently receive digital video images
fo(n,m), fo.(n,m)and f,(n,m) that are calculated in the digitized form by video
image rating fo(Xy;,Yvi), fos(Xvi»Yuw) 1 fo(Xu» Yay)- Taking into account the
coefficient of increase of the optical system a digital video image f, (n,m) is also a
calculated rating of a two-dimensional function fy(X,y) that characterizes the surface
of objects of measurement.

Elements (dots) of digital video image f,(n,m) with indexes (n,m)

characterize the brightness of the original video image f,(Xy,Yy,) With
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coordinates™ * x,; =n-8,, Yy =M-8,5, where 3, and &, are the distance

ylr
horizontally and vertically between the centers of the neighboring light-sensitive
elements of the “light-signal” converter.

If the coefficient of increase of the optical system Kk 15 is known

Mos
then X=Xy, /Kio, =N -8y, Y=Yy /Ko =M-8,, where 3, and 5, are the step of the
discreteness of the spatial coordinates X and Y in the plane of the surface of the

objects of measurement, which corresponds to a distance of 1 d.p. on a digital video
image f,(n,m).
To measure the geometric parameters digital video image fo*(n,m) IS used.

Before measuring the geometric parameters in this video image, the area Qg), that

belongs to the object of measurements is selected. This is done by distributing the
video image to the objects of measurement as well as to the background or by
selecting the contours of the objects with the furhter construction of the areas
belonging to these objects.

The digital video after the selection of the object of measurement has the

form16, 17.

1 if fg (n,m) eQowm,
0, if fy(n,m)eQuy.

The basis of the process of geometric parameters measuring is the equation of

foseap(N M) = { 1)

measurement and the error equation™®. For the coordinates of the points on the surface

of the objects of measurement, we have the following equations of measurement:
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x[d.p]=qa,-[1dp]. y[d.p]=q, -[Ld.p],

2)
X =K - X{dp], YImm] =k, - y{d.p,

where q,, g, are indices (ordinal numbers in a row and a column) of a digital

countdown of a two-dimensional digital video image that corresponds to the
measured point of the object; |1d.p.] is the distance horizontally and vertically
between two discrete countdowns in the plane of the digital video image;

KmdMM/d.p], K [Mv/dp] are scale coeficients for converting the coordinate values

at discrete points (d.p.) of the video image to the value in millimeters, these
coefficients are determined by analytical calculation or by experimental research of a
video image of a tested object of measurement with known geometric sizes.
Equations (2) take into account the fact that digital video of objects of
measurement is a matrix whose elements characterize the brightness and color of the
corresponding points of these objects. When processing video images directly
determine the coordinates of points as the indexes of the corresponding elements of
the matrix. This is due to the use of intermediate calculations of the coordinates and
distances of the unit in 1 d.t. But the final results of measurements of geometric
parameters of objects are given in units of SI system, that is, in meters or millimeters.
The equation of error measurement of the coordinates of the points of

measurement objects has the form:
XTd.p] =X+ Age = (G +Agy ) (K] + Agy),
Y Idp]=y+A, =0, +4q - [¥1+Ay),

where A,., A,. are general errors of results X', Yy of measuring coordinates; Agys

A, are errors in finding numerical values of coordinates (including: random,

ay
dynamic and geometric errors of video images encountered in a digital video camera,
errors due to discrete nature of digital video images and their transformations and

encodings when entered into a computer); A,;. Ay are errors of reproduction unit of



measurements [x]=[y]=[1d.p], due to errors of manufacturing of the matrix converter
“light signal” in a digital video camera.

The geometric parameters of the objects of measurement are determined by
numerical calculations in the computer based on the measured values of the
coordinates of the points of measurement objects. For such calculations, the most
significant is the transformed error due to the existing errors in the initial data for
calculations (coordinates of the points of measurement objects).

Compensation of errors in determining the geometric parameters of objects of
measurement is carried out by computerized processing of video images and results
of measuring geometric parameters. To refer to such a procedure, the term

“algorithmic error compensation” is used.

On a digital video image f (n,m) according to the measurement equations

*
0 segm

(1.2) the coordinates of points with numbers can be directly measured (nj,mj), that

belong to the object (j €1, Ngy, Ngy — total number of points belonging to the

object). Among all points of the object there are points that belong to its contour and
structural elements of its surface.

Numbers of points (nj ,mj) on the digital video image are calculated according

to the measurement equations (2) in the coordinates of the corresponding points

(X;,¥;) on the surface of the objects of measurement, taking into account that
dy =N;, g, =m;. Coordinates (X;,Y;) according to the measurement equations, can

be expressed in units of length (d.p.) of digital video image or in units of length

(meters or millimeters) of the surface of the product. Steps of discretion 6, and 6,
and scale factors K, i kg, are determined by analytical calculation on the basis of
values 8,;, Oy i Kp, . For existing digital cameras, these values may not be known.
In this case, the values d,, 6,, K, and k., are determined on the basis of research

of a digital video image of a test object of measurement that has known linear

dimensions, predetermined with high accuracy. All other geometric parameters of



objects are determined on the basis of algorithmic coordinate processing (nj,mj) or

(X;, ;)

Let's consider the geometric parameters of the objects of measurement that can
be determined for each video image by algorithmic processing of the results of
measuring point coordinates of the objects of measurements will be considered a flat
geometric figure placed in the plane of the video image. The geometric parameters of
the objects of measurement can be divided into five groups: the coordinates of the
characteristic contours of the object, the linear dimensions and perimeter of the
object, various options for determining the area of the object, the morphometric
features of the object, the coefficients of the geometric shape of the
ObjeCtlg' 20, 21, 22, 23.

The coordinates of the characteristic contour points of the objects of
measurement include:

—a list of all contour points with defined coordinates;

— extreme coordinates of the object (coordinates of the upper, lower, left and
right points of the object);

— the coordinates of vertices of a convex polygon in which the object is
inscribed,;

— the coordinates of the characteristic points of a geometric figure (for
example, a rectangle or an ellipse) used to approximate the object.

The linear dimensions of the objects of measurement include its width w and
height h, corresponding to the width and height of the rectangle in which this object

Is inserted. Distance between two points of the object of measurement with
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coordinates (X;,Y;) and (X;,y;) equals®: d:\/(xj—x|)2+(yj—y|)2 . Values w,

h and d for digital video images can be counted in d.p. or in meters.

The area of the object of measurement can be determined by the following
options:

— area of the object S;,, (the area occupied by this object in a video image);

— the total area of the object that equals to its area with filled holes;

—convex area of the object Sy, which equals to the area of the convex

polygon in which this object is inserted.

The area of the measurement object for a digital video image can be expressed
by the corresponding number of points of a digital video image belonging to the
object of measurements, or calculated in units of area (m?).

The morphometric features of the object of measurement, such as a flat figure
in the plane of the video image, include the following geometric parameters:

— the center of the mass of the object;

—an equivalent diameter corresponding to the diameter of the circle with an
area equal to the area of the object d, =,/4Sq\,/7;

— the length of the maximum axis of inertia of the object as a flat figure;

— length of the minimum axis of inertia of the object as a flat figure;

—the angular position of an object determined by the angle between the
horizontal axis of coordinates and the maximum axis of inertia of this object.

Coefficients of the geometric form of the object of measurement, as a fat figure
in the plane of the video image include:

— convexity coefficient: K, =Soy/Sowmy;
—fill factor: k; =Sgy,/(w-h);

— an eccentricity that is determined for an ellipse that has the main moments of
inertia the same as an object.
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The generalized version of the geometric parameters of the object of
measurement is its moments®. Initial moments of the object of order (B+7v) equal to:
= []Xy" fo(x )ady.
Qom
The central moments of the order (3+7) are determined by the formula:
= [JOx=%)P(y = ¥o)" fo X=X,y — Yo )xdly,
Qom
where X, Y. — coordinates of the center of mass of the object of measurements.

The coordinates of the center of mass of the object of measurement are equal®:

Xe =Mio/Soms Yo =Mor/ Som-
For the video image (1)

) L 3 NV A 3

OM j=l OM j=1 OM j=l OM j=l

Important characteristics of the object of measurement, as a flat figure, are its

main moments of inertia J; i J,, length of maximum and minimum axis of inertia
|« and ... and eccentricity C,. The main moments of inertia are determined in

relation to the maximum and minimum axes of inertia of the object of

measurement 2" 28:

A =%(JX +Jy)i\/JX2y +%(JX -3, F,

where Jy,Jy,J,, are moments of inertia of the object of measurement in relation to

the coordinate axes OX i Oy, J, =y, Jy =Hop, Jyy =1y

For the video image (1)
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oM j=1 oM j= oM j=
N 52 N N
J, = 1 ﬂ(yj—yc)zz Y ﬁ(mj—mc , e M, = 1 > m;,
NOl\/l j=l NOM j=1 NOM j=l
N 5.8 N
Jyy = : (Xj _chyj —yc)z — if(nj _ncxmj _mC)'
Nowm j=1 Nowm j=1

The length of the maximum and minimum axes of inertia of the object of

measurement, as a plane figure, is determined by the relations®* *;

la= 292 /3, +3,+2C; , | =2v2- /3, +J,-2C;

1 C, :\/J§y+%(JX—Jy)2.

The eccentricity is determined on the basis of the approximation of the

measuring object by an ellipse having moments and axis of inertia as in the object of

measurements>3:
ey (/2 (1 /27
eel - - ’
Qe Imax

where ¢ =aj —b3 are half of between the focal length of the ellipse, a, i b, are its
half axis.
Based on the moments of inertia of the object of measurement, its angular

position in relation to the center of mass can also be determined® **. This angular
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position is defined as the angle between the axis Ox and the maximum axis of

inertia:
( J,-J, +2C
arctg— ZJX 13,0,
o= X
2]
arcth 3 el o J, <Jy.
X y+ J

N

Another option for determining the angular position of the object of

measurement is given in*:

0, if 1650 2 oy, Hg0 20,
a=1arctg&+x, A= 712, !f Hoo < Hops o 20,
2 Ho2 —Hao T if 11,0 > gy, 150 <0,

3rl2, I py < gy, Mg <0.

The easiest option for determining the angular position of the object of

measurement is based on the measured coordinates of two reference points of this

object by the formula®® *';
o =arctg N7V,
X, — X

]

The geometric parameters determined in such way are the initial data for the
calculation of the parameters of motion and other mechanical quantities that
characterize the objects of measurement. The parameters of the motion of objects of
measurement can be determined on the basis of time sequence of video images,
which characterizes the spatial position of objects of measurements at moments of
time. For example, linear and angular displacements of contour points and center of
masses of objects of measurements, linear and angular velocities of these points. If a
priori information is known about the three dimensional geometric shape and the

spatial arrangement of the object of measurement, then the volume and area of the
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intersection of this object can be estimated on the basis of the video image. If a priori
information is known about the volume density of the object of measurement or its
density, as a flat figure, then we can determine the mass of this object. If the mass of
the object of measurements is known, then external forces can be estimated on the
basis of measurements of its parameters of motion as well asthe moments that
influence this object. Based on the calculated area of intersection of the object of
measurement and external force that is perpendicular to the plane, the mechanical
stresses in this object can be determined. The mechanical deformations of this object
can be determined on the basis of displacements of the objects of the measurements
measured for the time sequence of the video images.

The obtained results of measurements of mechanical quantities can then be
used in automated control systems for the quality management of industrial products
as well as in controlling the operation of equipment and the progress of technological

processes, other production tasks.

2. Principles of constructing of measuring instruments of geometric

object parameters based on their video images

The measuring system for determining geometric parameters of objects is
based on the following principles:

1. Use of existing technical means for forming video images of objects of
measurement that are capable to provide high resolution and performance®® % %,
Therefore, the development of new technical means for the measuring system is
inexpedient.

2. Application of computerized processing of video images. The purpose of
computerized processing is algorithmic compensation of video image errors as well
as measurement errors of geometric parameters of objects. Thus, a significant

increase in the accuracy of measurements is provided. The use of modern methods
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% muxr T.JO. [udposas 06paGoTKa LBETHBIX H306paxenuit. Mocksa, 1997. 336 c.
40 [Tapeirua MLE. Ckanepsl u miudpossie kamepsl. Cankt-ITerepOypr, 2000. 384 c.



for the accumulation, analysis and visualization of video images and the results of
measuring geometric parameters also expands the functional capabilities of the
measuring system.

3. Development and use in the measuring system of new methods of
computerized processing of video images (methods of filtration and restoration of
video images, methods of searching and selection of objects of measurement,
methods of approximation of contours and trajectories of motion of objects of
measurement). These methods should take into account the high requirements for the
accuracy and speed of measurement of geometric parameters and parameters of
motion of objects of measurement.

4. Development and use of video conversion and compression methods in the
measuring system. The purpose of these methods is to increase the accuracy and
compactness of the measurement information about the geometric parameters when it
Is accumulated and stored, increasing the speed of the measuring system.

5. Use of time sequences of video images to identify parameters of movement
of objects of measurement. In order to identify traffic parameters, it is necessary to
further develop methods for computerized processing of video images in real time
based on the theory of identification of technical systems. The identification results
are used to compensate the dynamic errors of measuring the geometric parameters of
objects moving in the measurement process.

6. Optimization of the parameters of the measuring system in accordance with
the current characteristics of the objects of measurement and the conditions for
measuring geometric parameters. Including — optimization of parameters of video
Images, parameters of technical means of the measuring channel and parameters of
computerized processing of video images. It should be borne in mind that increasing
the accuracy and speed of the measuring system are tasks that put different
requirements to these parameters. Therefore, you need to use optimization methods.
The result of solving optimization problems is to increase the accuracy of the

measuring system at a given speed or increase the speed at a given accuracy.



7. Use of modern technologies of visualization of objects of measurement and
processing of measuring information on the basis of the theory of artificial neural
networks. These networks adapt and optimally adjust the parameters of the measuring
system in accordance with the working conditions of measuring geometric
parameters, characterized by the influence of adverse and non-stationary factors. The
result of the application of artificial neural networks is the compensation of additional
error of measurement of geometric parameters and parameters of motion of objects of
measurement under the indicated conditions. If a neuroprocessor is used, then a
significant increase in speed is also provided.

On the basis of the developed principles of construction a new measuring
system for measuring geometric parameters of objects has been created (Fig. 1).

In fig. 1 marked: OM — object of measurements; PE — production equipment;
T OM - test object of measurements for calibration of the measuring channel; DFVI — a
device for the formation of video images (digital video camera); OS — optical system of
DFVI; LSC — “light-signal” converter; VIA — video image amplifier; ADC — analog-to-
digital converter; RD1 ... RD3 — remembering devices for video images; BEVI — block of

encoding of video images; CU — control unit of DFVI; VTVI — a device for transferring

video images to a computer; NP — neuroprocessor in the computer; z ™ — block of delay;

C,...Cq, y...0, — weighted coefficients of the artificial neural network, which are adjusted

according to the current measurement conditions; BAF — a block of the activation function
of the neural network; P — central processor; VD — visualization device for video images
and results of measuring geometric parameters of objects.

In the measuring system, the computer is used as a video image processing
device, which additionally includes a neuroprocessor. The neuroprocessor contains
the basic elements of artificial neural networks, which are connected in a certain
sequence and are used for the recovery of video images with random and dynamic
errors in measurement information about geometric parameters, for searching and
selection of objects of measurements and their structural elements on video images.
Typically, these computerized processing operations are based on a priori information

about the video image and their errors.
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Fig. 1. Measuring system for measuring geometric parameters of objects on the basis

of computerized processing of video images

This information corresponds to the normal measurement conditions and the
averaged value of the video image and digital video camera. In the working

conditions of the measurements, these parameters may deviate from the values used



in the calculations. As a result, an additional error of measurement of geometric
parameters and parameters of motion of objects is compensated. Thanks to the
adaptive properties of the artificial neural network, the parameters of video image
processing algorithms can be adjusted in accordance with the current measurement
conditions and properties of the measuring objects. As a result, additional error is
compensated and the accuracy of measurement of geometric parameters of objects is
significantly increased. With the use of a neuroprocessor that performs high-speed
parallel processing of digital data of video image, the speed of the measuring system
Is also substantially increased.

In order to measure the geometric parameters of objects, computerized
processing of their video images is used. In this optical-electronic methods, a video
image of measuring objects is formed. This is accomplished by scanning a two-
dimensional image of objects of measurement, created by the optical system on the
surface of the matrix converter “light-signal”. For computerized processing of formed
video images, video filtration and restoration methods, methods of searching for and
selecting the contours of objects of measurement and the set of points belonging to
these objects are used. As a result, the coordinates of the points belonging to these
objects are measured.

The results of the coordinates of the points are used to calculate the geometric
parameters (linear dimensions and angles) along the external contour of the objects of
measurement, as well as the geometric parameters of the structural elements of the
surface of these objects (length and width, area, angle of orientation of the main axis
of inertia, morphometric characteristics, coefficients of geometric form). The
parameters of motion of products and other mechanical quantities are determined by
computerized processing of time sequences of video images with measured geometric
parameters.

During the calibration of the measuring channel of the measuring system, test
objects of measurements with known linear dimensions are used to determine the

scale factors K, , kMy In the measurement equations (2); test objects of measurements

with known surface characteristics and procedures for adaptation and training of



artificial neural networks, which allow to compensate the influence of non-stationary
and unfavorable factors on the measuring system in the conditions of industrial

enterprises.

3. Ways to improve the accuracy and speed of the measuring system

to determine the geometric parameters of objects

Digital video output on the digital video camera contains the following errors:

— errors caused by the discrete nature of digital video images*:;

— random errors caused by noise of the optical system, thermal and fractional
noise in the semiconductor converter “light-signal” and in electronic circuits* **;

— dynamic errors due to the limited capabilities of a digital video camera for
the formation of video images, whose amplitude is rapidly changing in space and
time%4 45 46;

— errors due to quantization of the amplitude of the video signal on digital

video images*’ *® “°:

— geometric errors due to the distortion of the optical system®® % 2 th

e
difference between the geometric shape of the objects of measurement from the
plane, the non-perpendicularity of the controlled surface of the products and the

optical axis of the digital video camera;
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— errors caused by encoding and converting digital data of video images in
order to reduce their volume when accumulated and stored>® >* ¢,

The listed video errors affect both the amplitude of the video signal as well as
the coordinates and geometric shape of the contours of objects. But when measuring
geometric parameters, it is first necessary to estimate the errors of determining the
coordinates of the contour points of the objects of measurement. To do this, you need
to gather the calculated marks of all errors to one indicator, which characterizes the
accuracy of measuring the coordinates of points and other geometric parameters on
this basis.

Therefore, a method for estimating distortions of digital video images with
measurement information about geometric parameters of objects of measurement has
been developed. This technique consists in the following sequence of actions:

1. Estimation of the mean square error value of the reproduction of the

amplitude of the digital video image is calculated:

o =Jﬁ2(fp(n,m)— £ (n,m) G

where f,(n,m) — a digital video image containing discrete countdowns of a two-
dimensional function f,(X,Y).

2. A search for the amplitudes of the video signal corresponding to the
contours of the objects of measurement, by analyzing the changes of this amplitude in
the lines or columns of the digital video image is performed.

3. Average height value h. variations of the amplitude of the video signal
corresponding to the contours of the objects of measurement, and the mean value of
the length 1. projections of these variations to a given coordinate axis in the plane of
the video image by linear approximation of these variations are determined. For the

digital video camera, the parameters of the differences can be determined by

>3 [Tpert V. LHudposas o6padboTka n3obpaxenuit. Mocksa, 1982. 792 c.
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analyzing the test images containing the boundary curve (the boundary between the
object of measurement and the background).

4. Calculation of the mean square value c,, of error of determining the
coordinates of contour points of measurement objects are made:
Oy =0, -lc/he. (4)
If the length of the difference is expressed in d.p., then to receive o, in units

of length (meters or millimeters) the result of calculations is additionally multiplied

by k. (according to the formulas (2)).

Formula (1.6) can be used for numerical simulation of a measuring system with

a priori known properties of test objects. In this case, a digital video image fz(n,m)

Is received at output of the digital video camera, and the original video image

fo(n,m) of test object of measurement is known. For experimental studies of real
objects, the original digital video image f,(n,m) is unknown. Then, the estimation of

the amplitude error is calculated on the basis of the signal-to-noise ratio, which is

calculated in the television equipment by the formula®” *;
An
Ot :10%%1 ()

where A, — maximum value of the amplitude of digital video images (when
encoding amplitude using 8-bit binary code A =255 of discrete levels (d.l.)), v, —

signal / noise ratio for digital cameras.

The results obtained by formulas (3) and (5) are used as an average evaluation
of the quality of video images. Formula (4) is used to calculate the accuracy of
measuring the coordinates of points and geometric parameters on this basis. This

accuracy is expressed in units of length.
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%8 3y6apeB 1O.b., I'mopuo3zos I'.C. Ilepenaua m3zoOpakeHuii: yueOHUK aJisi By30B. MOCKBa,
1982. 224 c.



The most significant error in determining the coordinates of the points is due to
the discrete nature of digital video images®® ®. Its value is determined by the field of
view of the optical system of a digital video camera and the total number of points on

a digital video image. The error has a uniform distribution in the range +6,/2
or+0,5 d.p. with zero mean value.

The error determines the maximum possible accuracy of measuring the
coordinates of one point of the digital video. This error can not be compensated by
algorithmic methods for one-time measurement of the coordinates of one point.
Therefore, in order to improve the accuracy of this coordinate measurement, it is
necessary that the other digital video image errors on the output of the digital video
camera are significantly less than the error.

To further improve the accuracy of determining the geometric parameters of
objects, it is necessary to develop methods for algorithmic processing of coordinates
of a plurality of adjacent points belonging to measurement objects within a single
digital video or a time sequence of digital video images. The basis of these methods
is the approximation of contours of objects of measurement and labels of a priori
known form, which are applied to the surface of objects. An example of these
procedures is the linear approximation of facets of industrial products made of natural
stone of rectangular shape.

The most known method for such approximation is the least squares method.
The application of this method requires the implementation of a number of

conditions®. For example, the value of the linear function argument (coordinates X i)

must be known exactly. In the case of using digital video images, the results of
coordinate measurement of contour points contain errors and this condition is not
fulfilled. Therefore, it is necessary to develop methods for approximating the

coordinates of contour points, which are sensitive to these errors. The basis of
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development are robust and confluent methods of constructing dependencies on
experimental data® .

Non-stationary and unfavorable factors in the working conditions of measuring
geometric parameters lead to the appearance of additional measurement errors. To
compensate for these errors, additional adjustments and optimization of the
parameters of the measuring system in the process of operation are required.
Therefore, it is proposed to optimize the parameters of the measuring system to
perform both at the development stage, and in the process of its operation in order to
adapt to the impact of nonstationary and adverse factors. Such adaptation and
optimization can be accomplished with the help of artificial neural networks as a tool
for computerized processing of video images. An important feature of artificial neural
networks is the presence of built-in training procedures, the results of which
compensate for the additional error of measurement of geometric parameters.

Thus, the main ways to increase the accuracy of measuring geometric
parameters of objects are as follows:

1. Algorithmic compensation in the computer of random, dynamic and
geometric errors of video images.

2. Approximation of contours of objects of measurements. As a result, the
errors caused by the discrete nature of digital video images are offset.

3. ldentification of the parameters of motion of objects of measurement on the
basis of methods, which are not sensitive to the errors of measurement of the current
coordinates of these objects. Compensation on this basis of dynamic errors in the
measurement of geometric parameters due to the movement of measurement objects
in the measurement process.

4. Optimization of the parameters of the measuring system in order to reduce
errors, including — due to the discrete nature of digital video images and their
encoding.

62 I'panoBckuit B.A., Cupas T.H. Metoasl o0pabOTKH 3KCHIEPUMEHTAIBHBIX JTaHHBIX TPH
n3Mmepenusx. Jlennnrpan, 1990. 288 c.
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5. Use of artificial neural networks for computerized processing of video
Images in order to adapt and optimize the parameters of a measuring system in
working conditions for measuring geometric parameters characterized by the
presence of adverse and non-stationary factors. Improved accuracy by compensating
for additional errors.

The main ways to increase the speed of measuring the geometric parameters of
industrial products are as follows:

1. The use of the advantages of video images that simultaneously characterize
the properties of objects of measurement at many points in space. This means that
one video, formed by modern technical means in a short period of time, can replace
the results of tens and hundreds of measurements carried out by existing measuring
instruments over a significant period of time.

2. Use of artificial neural networks and neuroprocessors for computerized
processing of video images and results of measuring geometric parameters.
Neuroprocessors provide processing of digital video in parallel mode for performing
high-speed computing.

3. Measurement of the geometric parameters of industrial products directly in
the process of their movement relative to the measuring system, which is due to the
technological process of manufacturing these products. Development for such
measurements of algorithmic processing of video images that can be performed in
real time and provide compensation for the dynamic error of measurement of
geometric parameters due to movement of products.

4. Algorithmic processing of digital video images separately in rows and
columns. This approach provides a significant reduction in the number of computing
operations.

5. Optimization of digital video parameters and parameters of the measuring
channel.

Improvement of the technical characteristics of the desymbalating system

should be carried out by increasing its accuracy with given performance indicators or



increasing the speed at given accuracy indicators in accordance with the requirements

of specific application problems solved in industrial enterprises.

CONCLUSIONS

The measuring system has an increased accuracy (2.5 ... 3.0 times, an error of
measurement of linear dimensions of 0.1 mm, angles of 26 angular seconds for
industrial products with a maximum size of 1500x1200 mm) and performance (tens
of times, the time of measurements for one product 3.0 s), expanded functionality of
registration, analysis, storage and display of measurement information about
geometric parameters in comparison with existing measuring instruments. These
results are achieved on the basis of the proposed principles of constructing a
measuring system and measures on algorithmic compensation of errors and
increasing the speed of measurement of geometric parameters of objects in their
video images.

SUMMARY

The results of research are aimed at solving the scientific and technical
problem of increasing the accuracy and speed, expanding the functional capabilities
of measuring instruments of mechanical quantities (including - the geometric
parameters of objects of measurement) through the formation and computerized
processing of their video images.

On the basis of video images geometric parameters and parameters of motion
of objects of measurement, as well as other mechanical values depending on these
parameters can be defined. The coordinates of the points belonging to the object of
measurements are directly measured on a digital video image. Geometric parameters
are determined by computerized processing of the results of the measurements of the
coordinates of these points.

The basic principle of constructing the offered measuring instruments is the
use of the methods of visualization of objects of measurement with the formation and
computerized processing of their video images. Including - these are methods based

on the theory of artificial neural networks. These methods allow to compensate for



the additional error in working conditions of measurement of geometric parameters at
industrial enterprises. The purpose of computerized processing of video images is
compensation of errors of measurement information that arose in the process of
forming and transferring video images to a computer.

The limit of accuracy for the result of measuring the coordinates of one point
of measurement objects is the error due to the discrete nature of the digital video
image. This error is equal to half the distance between centers of adjacent points and
determines the boundary accuracy of calculations of geometric parameters,
parameters of motion and other mechanical quantities by computerized processing of
the results of measuring coordinates. In order to further improve the accuracy of the
determination of the specified values, it is necessary to use methods of computerized
processing of coordinates of a plurality of points belonging to objects of
measurement within the limits of one video or time sequence of these video images.
The basis of such methods is the approximation of the contours and trajectories of the

objects of measurement.
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