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(54) Title: PROCESS AND APPARATUS FOR MEASURING OF THICKNESS OF A PROBE DURING A TENSION TEST

(57) Abstract: Apparatus for measuring of thickness of a probe (2) during a tension test
comprises a tensioning device (1), which is furnished with a fixed jaw (11) and a dis-

3).

Fig. 1

placeable jaw (12), which are arranged above each other and are adapted for clamping
and tensioning of each disposable standardized probe (2), as well as a video camera (3),
which is arranged in the area of said tensioning device (1) at appropriate distance apart
of the probe (2), so that the optical axis (30) of the video camera (3) extends towards the
longitudinal axis (20) of the probe (2) and rectangular with respect to said longitudinal
axis (20) of the probe (2). The apparatus further comprises a screen (5), which forms a
contrast background behind the probe (2) and is with respect to said video camera (3)
arranged on the opposite side of the probe (2), and moreover also a computer (4), which
is adapted for retrieving, saving and processing of data received from the video camera
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PROCESS AND APPARATUS FOR MEASURING OF THICKNESS OF A
PROBE DURING A TENSION TEST

The present invention refers to a process and apparatus for measuring of thickness

of a probe during a tension test.

The aim of the invention is to enable accurate and reliable measuring of thickness
of a probe during a tensioning test at least in the location of minimal cross-section

of said probe.

A tension test as such is intended for the purposes of determining and/or
examining of physical properties of materials, in particular tensile strength, upper
elastic limit, contraction or the like. In this, a probe consisting of a known material
and hawing known and standardized dimensions is fastened within a tension
testing apparatus having a fixed jaw and a displaceable jaw, in which said probe is
fastened. Said displaceable jaw can be displaced apart from said fixed jaw, by
which the probe is tensioned. During said tension test, the tension force acting to
the probe is permanently measured as well as deformation thereof, in particular

strain and contraction.
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One of known methods for measuring thickness of the probe provides measuring
of a diameter of the probe by means of suitable measuring instrument prior to
performing the test, upon which the probe is tensioned and the diameter of such
deformed probe is measured. On such basis, conclusions are then made about
changing of the thickness during the test, which is not really reliable, in particular
since also the thickness prior to testing and after that can actually be measured on
different locations along the probe. Moreover, results of such measuring are not
automatically and independently collected, which reduces accuracy of such

measuring.

A further approach provides use of two laser beams, which are directed towards
each other and perpendicularly with respect to the longitudinal axis of the probe,
which is then exposed to said beams in two points located in the diametrical plane
thereof. When the probe is tensioned, it is also extended, and both points, which
are initially exposed to said beams, are displaced along such extending probe.
Consequently, such measuring us also not performed always in the same location
on the probe, since the measuring location is permanently displaced along the
probe during the test, which systematically introduces certain discrepancies into

said measuring, and such obtained results are never quite reliable.

The third approach provides monitoring of the thickness by means of two video
cameras, and change of thickness of the probe is permanently monitored and
calculated by means of triangulation. However, such application of two cameras,
two supporting stands and other required equipment leads to essentially
complicated concept of the measuring apparatus as such, which essentially

increases the price and also the risk of malfunction.
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According to the invention, the initially raised problem is solved by means of
features of a measuring apparatus as well as of process, which are included in
independent patent claims including the embodiments according to dependent

claims.

The invention will be described on the basis of an embodiment, which is presented

in the attached drawings, wherein

Fig. 1 is a schematically presented perspective view of an apparatus for measuring
of thickness of a probe according to the invention; and

Fig. 2 is a probe, which is suitable for such measuring.

The present invention refers to an apparatus for measuring of thickness of a probe
2 during a tension test, wherein such apparatus comprises a tension testing device
1 with a fixed jaw 11 and a movable jaw 12, which are arranged above each other
and adapted to hold each disposable standardized probe 2 having a measuring area
defined by means of a diameter Dy, and the length L., such that the longitudinal
axis 20 of the probe 2 extends at least approximately in the vertical direction. The
apparatus further comprises a video camera 3, which is adapted for monitoring the
probe 2 during tensioning thereof and is arranged in the area of the tensioning
device | appropriately apart from the probe 2, such that the optical axis 30 of the
camera 3 is directed towards the longitudinal axis 20 of the probe 2 and
perpendicularly with respect to said longitudinal axis 20 of the probe 2. In
addition, said video camera 3 is suitable for generating video recordings in the
format “jpeg” i.e. 24-bit RGB fdrmat, and is optionally for the purposes of
transmission of data interconnectable with a corresponding computer 4, which is
adapted to receive, store, process and optionally also to display and/or to export the

data received from the side of the previously mentioned video camera 3.



WO 2014/104983 PCT/S12012/000067

The invention provides that the apparatus comprises a screen 5, which is suitable
to provide contrast relative to the probe 2 and is arranged in the area of said
tensioning apparatus 1 adjacent to the probe 2 and at appropriate distance apart
from it, namely diametrically opposite to the video camera 3 with respect to the
longitudinal axis 20 of the probe 2, wherein said screen 5 is intended to provide a
contrast background behind the probe 2, when recorded by means of video camera
3 and is appropriately colored relative to each disposable surface of each

corresponding probe 2.

Moreover, the apparatus according to the invention is furnished with a computer 4,
which is suitable for cooperating with said video camera 3 and is adapted for
i) converging each particular input picture of the measuring area L of
the probe 2 as received from the video camera 3, from the “jpeg” i.e. 24-
byte RGB format into a matrix A consisting of 8-byte digits with values 0-
256 corresponding to each particular points i.e. pixels, wherein the
dimensions of said matrix A are m x n, and wherein
- m is a number of rows of the input picture; and

- n is a number of columns of the input picture;

i1) calculating average value X of pixels e.g. in a row corresponding to

integer of m/2 according to the formula (1)

=
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wherein the value x;; corresponds to a value in the line i and the column j in
said matrix, and the average value X corresponds to the average values in

the row i;

iii)  comparing each disposable values of pixels, wherein in the row |y
such location i.e. such value j of the first and the last value in the row is
determined, which is smaller than the average value X, as well as the
location of two neighboring values, which are not yet larger than the

calculated average value, which is performed according to algorithm A1

"while (& = TRUE) Do
B )

End While

wherein the result of the first transition is
A—> Xjmon < x;B —  [{j-Li}, {x, 3],
and the result of the last transition is

A= Xm0 < X% B = [{5 5T {xg X 1

iv)  determining borders as well as the thickness of the probe 2 on the
basis of calculation of a pair of lines, which are each per se extending
through two points from each pérticular matrix, wherein a pair of values x is
calculated, in which said lines correspond to previously calculated average

value X,
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wherein the general formula (7]) of each line is
y=kxx+n, (1)

where k is a coefficient of inclination, and » is a section on the ordinate
axis, so that the first line with the inclination coefficient k; and the section
n; on the ordinate axis is calculated by means of points T;(j-1, x;.;) and T,(j,
Xj), by which it is calculated, in which point x, the line corresponds to the
value, which is equal to previously calculated average value according to
formula (1IT)

X = (X —n)k (1)

upon which analogously also the value x, of the second line is determined,
and the thickness of the probe 2 in pixels is calculated by means of formula

(IV) on the basis of the difference

Dix=x2—-x1  AV);
V) determining the length L, along which said measuring of reduction
of the thickness of the probe 2 is performed, wherein the ratio of original

values of the diameter Dy, and the measuring length L., of the probe 2

according to formula (V) is calculated

and the length L, in pixels is determined by means of formula (1) on the

basis of thickness Dy, in pixels and the previously mentioned ratio R
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L, = Dy /R VI,

by means of which for the purposes of further measuring of the thickness of
the probe 2 then a sub-matrix W of size L, x n is created, wherein the first
row of said sub-matrix is the row numbered (m - Ly,)/2 of the original
matrix 4, and the step of determining the thickness of the probe 2 is then
repeated in each row of said sub-matrix W, so that in each row of the sub-
matrix W the thickness Dy, of the probe 2 in pixels is determined, and for
each image generated by means of the video camera 3 then a matrix DDy,

of size Lyixx 1 is created.

In accordance with a preferred embodiment of the invention, the computer 4 is
further adapted to eliminate each errors due to image noise, by anticipating that
said error is statistically distributed in accordance with the Gauss distribution
curve, and 2/3 of the matrix DD, are taken into consideration by calculating

thickness of the probe 2, wherein

1) a histogram is created with such number of intervals, which
corresponds to Ly, — 1, while two abscise axis values of the histogram
correspond to minimum and maximum value of the matrix DD,;,, by which
a further matrix G is created with the size L, — 1, in which the first column
comprises values on the abscise axis of said histogram, and the second
column comprises correlated values on the ordinate axis of said histogram,
wherein the maximum value in said second column is Gy,,x, upon which the
values in said second column are numerically integrated in order to obtain a

curve similar to “error function”,
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i) all values of the matrix G, are reviewed by means of the “for loop”,
and for each particular value between Gp,,,/6 in 5 vx Gma/6, the value from
the first column of the matrix G is inserted into a newly created matrix Gy,
in which all indexes are considered, in which the measuring results of the
matrix G are taken into consideration, upon which a further matrix G, izracun
is created of size (2 x L,ix/3) x 1, in which all values from the second column
of each particular indexes in the matrix G are present, which are included

within the matrix G

In accordance with a further aspect of the invention, the computer 4 is further
adapted for calculating average thickness Dy of the probe 2 in accordance with

formula (VII):
‘%m ‘[%én:whrmmu
o B
£ Cr g i r‘?qﬁwﬁﬂ:uri"l‘-v‘i"‘z )
e

Bypn = dim (r
11 W . FErERgin ( VI I)_

In accordance with a still further aspect of the invention, the computer 4 is further
adapted for determining the thickness D4y of the probe 2 as the minimum value

of the matrix Gy, izracun-

Apparatus according to the invention further comprises a bright, in particular white
colored screen 5, while the probe 2 is darkened on its surface, in particular in the
area of its diametrical plane, which extends throughout the longitudinal axis 20 of
the probe 2 and at the same time also perpendicularly with respect to the optical

axis 30 of the video camera 3.
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The invention further refers to a process for measuring of thickness of a probe 2
during a tension test, wherein each disposable standardized probe 2 having a
measuring area defined by means of a diameter Dy, and the length L, is fastened
into a tension testing device 1 furnished with at least one fixed jaw 11 and a
movable jaw 12, which are arranged above each other and adapted to hold said
probe 2, such that the longitudinal axis 20 of the probe 2 extends at least
approximately in the vertical direction, and wherein said probe 2 in such fastened
state and during tensioning thereof is recorded by means of a video camera 3,
which is arranged in the area of the tensioning device 1 at appropriate distance
apart from the probe 2, such that the optical axis 30 of the camera 3 is directed
towards the longitudinal axis 20 of the probe 2 and perpendicularly with respect to
said longitudinal axis 20 of the probe 2, and in addition to that, said video camera
3 is suitable for generating video recordings in the format “jpeg” i.e. 24-bit RGB
format, and is optionally for the purposes of transmission of data interconnectable
with a corresponding computer 4, which is adapted to receive, store, process and
optionally also to display and/or to export the data received from the side of the

previously mentioned video camera 3.

The process according to the invention provides that prior to recording by said
video camera 3 a screen 5 is arranged adjacent to said probe 2, which is suitable to
provide a contrast relative to the probe 2 and is arranged in the area of said
tensioning device 1 adjacent to the probe 2 and at appropriate distance apart from
it, namely diametrically opposite to the video camera 3 with respect to the
longitudinal axis of the probe 2, wherein said screen S is intended to provide a
contrast background behind the probe 2 during recording by means of video
camera 3 and is appropriately colored relative to each disposable surface of each

corresponding probe 2.
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Besides, the invention provides that the computer 4 cooperating with said video

camera 3 is further adapted for

i) converging each particular input picture of the measuring area L of
the probe 2 as received from the video camera 3, from the “,jpeg” i.e. 24-
byte RGB format into a matrix A consisting of 8-byte digits with values 0-
256 corresponding to each particular points i.e. pixels, wherein the
dimensions of said matrix 4 are m x n, and wherein

- m is a number of rows of the input picture; and

- n is a number of columus of the input picture;

ii) calculating an average value X of pixels e.g. in a row corresponding

to integer of m/2 according to the formula (7)

g=l
E X )

bl v TR
- fard i F *-.'m’\l:q

i~ @

wherein the value x;; corresponds to a value in the line i and the column j in
said matrix, and the average value X corresponds to the average values in

the row i

iii)  comparing each disposable values of pixels, wherein in the row |n;
such location i.e. such value j of the first and the last value in the row is
determined, which is smaller than the average value X, as well as the
location of two neighboring values, which are not yet larger than the

calculated average value, which is performed according to algorithm (41)
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“while (& = TRUE) Oo
B

End White

(Al)
wherein the result of the first transition is

A—Xioon < xB — [{i-L i} {x50, %3],
and the result of the last transition is

A—> Xjmpoo < ;B - [t {xg Xtk

iv)  determining borders as well as the thickness of the probe 2 on the
basis of calculation of a pair of lines, which are each per se extendi‘ng
through two points from each particular matrix, wherein a pair of values x is
calculated , in which said lines correspond to previously calculated average

value X,
wherein the general formula (7]) of each line is
y=kxx+n, (11
where k is a coefficient of inclination, and » is a section on the ordinate
axis, so that the first line with the inclination coefficient k; and the section

n; on the ordinate axis is calculated by means of points T, (j-1, x;.;y and T,

@, xj), by which it is calculated, in which point x; the line corresponds to the
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value, which is equal to previously calculated average value according to
formula (III)
x1=(5c'—n1)/k1 » (III)

upon which analogously also the value x, of the second line is determined,
and the thickness of the probe 2 in pixels is calculated by means of formula

(IV) on the basis of the difference
Dyix =X — X3 av);

V) determining the length L, along which said measuring of reduction
of the thickness of the probe 2 is performed, wherein the ratio of original
values of the diameter Dy, and the measuring length L,,, of the probe 2

according to formula (V) is calculated
R=D, /L. V)

and the length L, in pixels is determined by means of formula (¥I) on the

basis of thickness D

bix 0 pixels and the previously mentioned ratio R

Lpix =D pix/ R (VI) ’

by means of which for the purposes of further measuring of the thickness of
the probe 2 then a sub-matrix W of size L, x n is created, wherein the first
row of said sub-matrix is the row numbered (m - L,y)/2 of the original
matrix A, and the step of determining the thickness of the probe 2 is then

repeated in each row of said sub-matrix W, so that in each row of the sub-
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matrix W the thickness Dy, of the probe 2 in pixels is determined, and for
each image generated by means of the video camera 3 then a matrix DDy,

of size L, x 1 is created.

In a preferred embodiment of the process according to the invention, the computer
4 is further used for the purposes of eliminating errors due to image noise, by
anticipating that said error is statistically distributed in accordance with the Gauss
distribution curve, and 2/3 of the matrix DD);, are taken into consideration by

calculating thickness of the probe 2, wherein

1) a histogram is created with such number of intervals, which
corresponds to L, — 1, while two abscise axis values of the histogram
correspond to minimum and maximum value of the matrix DD,;,, by which
a further matrix G is created with the size L — 1, in which the first column
comprises values on the abscise axis of said histogram, and the second
column comprises correlated values on the ordinate axis of said histogram,
wherein the maximum value in said second column is Gyax, upon which the
values in said second column are numerically integrated in order to obtain a
curve similar to “error function”;

ii) all values of the matrix G, are reviewed by means of the “for loop”,
and for each particular value between Gy,,,/6 in 5 x Gy, /6, the value from
the first column of the matrix G is inserted into a newly created matrix G,
in which all indexes are considered, in which the measuring results of the
matrix G are taken into consideration, upon which a further matrix G izracun
is created of size (2 x Lix/3) x 1, in which all values from the second column
of each particular indexes in the matrix G are present, which are included

within the matrix G,
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In accordance with a further aspect of the invention, an average thickness D 4, of
the probe 2 is determined in accordance with formula (VII):
eith ‘Kﬁl‘m Erenms

)

~* en gt

)]

Sty

In accordance with a still further aspect of the invention, each thickness of the

probe 2 is determined on the basis of the minimum value of the matrix (G4 izracun)-

When desired, each particular scalar value of each particular image is transformed
into a matrix of values of the thickness Dj,,., on the basis of which then also a

contraction can be calculated by means of Formula (VIII)
D% =100 x [1 — Dizrac(k)/Dizrac (0)] (Vi)

The apparatus and process according to the invention enable permanent monitoring
of the thickness of the probe 2 on the same location on the probe 2 during the
tension test, when the probe 2 is fastened within the tension testing device 1 and
exposed to each known and measured force, and also to calculate a relative
contraction and other physical properties of the material of the probe 2. All the
data is permanently and independently recorded, and such retrieved data about
identified changes during the whole testing up to destruction of the probe 2 can
later serve as an input data for the purposes of simuiating various loading examples
in the finite element analysis, by which stresses and deformations in mechanically
loaded parts can be foreseen not only in the area of elastic deformations but also in

the area of plastic deformations.
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PATENT CLAIMS

1. Apparatus for measuring of thickness of a probe (2) during a tension test, |
comprising a tension testing device (1) with a fixed jaw (11) and a movable jaw
(12), which are arranged above each other and adapted to hold each disposable
standardized probe (2) having a measuring area defined by means of a diameter
(Dmm) and the length (L), such that the longitudinal axis (20) of the probe (2)
extends at least approximately in the vertical direction, as well as a video camera
(3), which is adapted for monitoring the probe (2) during tensioning thereof and is
arranged in the area of the tensioning device (1) appropriately apart from the probe
(2), such that the optical axis (30) of the camera (3) is directed towards the
longitudinal axis (20) of the probe (2) and perpendicularly with respect to said
longitudinal axis (20) of the probe (2), and in addition to that, said video camera
(3) is suitable for generating video recordings in the format “jpeg” i.e. 24-bit RGB
format, and is optionally for the purposes of transmission of data interconnectable
with a corresponding computer (4), which is adapted to receive, store, process and
optionally also to display and/or to export the data received from the side of the
previously mentioned video camera (3), characterized in that the apparatus
comprises a screen (5), which is suitable to provide contrast relative to the probe
(2) and is arranged in the area of said tensioning device (1) adjacent to the probe
(2) and at appropriate distance apart from it, namely diametrically opposite to the
video camera (3) with respect to the longitudinal axis (20) of the probe (2),
wherein said screen (5) is intended to provide a contrast background behind the
probe (2) when recorded by means of video camera (3) and is appropriately
colored relative to each disposable surface of each corresponding probe (2), and in

that the computer (4) cooperating with said video camera (3) is adapted for
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i) converging each particular input picture of the measuring area (L) of
the probe (2) as received from the video camera (3), from the “jpeg” i.e.
24-byte RGB format into a matrix (A) consisting of 8-byte digits with
values 0-256 corresponding to each particular points i.e. pixels, wherein the
dimensions of said matrix (A) are m x n, and wherein

- m is a number of rows of the iﬁput picture; and

- n is a number of columns of the input picture;

i1) calculating average value (X) of pixels e.g. in a row corresponding to

integer of m/2 according to the formula (7)

" _- [
- "‘l‘ﬂr W Tﬂwﬂ,lw 1

X=s ‘ll
n- v

wherein the value x;; corresponds to a value in the line i and the column j in
said matrix, and the average value (X) corresponds to the average values in

the row i;

ili)  comparing each disposable values of pixels, wherein in the row |z
such location i.e. such value j of the first and the last value in the row is
determined, which is smaller than the average value (X), as well as the
location of two neighboring values, which are not yet larger than the

calculated average value, which is performed according to algorithm (41)



WO 2014/104983 PCT/S12012/000067

17

"While (& = TRUE) Do
B

End While

(A1)
wherein the result of the first transition is

A= Xion < xB —  [{j-L ]} {x.0, %},
and the result of the last transition is

A>Xjmoo < x3B > [{G, i1}, {x x5

iv)  determining borders as well as the thickness of the probe (2) on the
basis of calculation of a pair of lines, which are each per se extending
through two points from each particular matrix, wherein a pair of values (x)
is calculated, in which said lines correspond to previously calculated

average value (X),
wherein the general formula (7]) of each line is
y=kxx+n, (1)
where k is a coefficient of inclination, and # is a section on the ordinate
axis, so that the first line with the inclination coefficient (k;) and the section

(n;) on the ordinate axis is calculated by means of points T (j-1, x;.;) and

T»(, x;), by which it is calculated, in which point (x,) the line corresponds
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to the value, which is equal to previously calculated average value
according to formula (III)

X = (i—nl)/kl (III)

upon which analogously also the value (x;) of the second line is determined,
and the thickness of the probe (2) in pixels is calculated by means of

formula (IV) on the basis of the difference
Dpix =X —X (IV);

V) determining the length (L), along which said measuring of
reduction of the thickness of the probe (2) is performed, wherein the ratio of
original values of the diameter (D,,;,) and the measuring length (L) of the

probe (2) according to formula (¥) is calculated

and the length (L) in pixels is determined by means of formula (V1) on the

basis of thickness (D)) in pixels and the previously mentioned ratio (R)

L

pix = Dpix/R (VI)’

by means of which for the purposes of further measuring of the thickness of
the probe (2) then a sub-matrix (W) of size L, x n is created, wherein the
first row of said sub-matrix is the row numbered (m - Ly;,)/2 of the original
matrix (A4), and the step of determining the thickness of the probe (2) is then

repeated in each row of said sub-matrix (W), so that in each row of the sub-
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matrix (W) the thickness (D) of the probe (2) in pixels is determined, and
for each image generated by means of the video camera (3) then a matrix

(DD,;,) of size L, x 1 is created.
P P

Apparatus according to Claim 1, characterized in that the computer (4) is

further adapted to eliminate each errors due to image noise, by anticipating that

said error is statistically distributed in accordance with the Gauss distribution

curve, and 2/3 of the matrix (DD,;,) are taken into consideration by calculating

thickness of the probe (2), wherein

1) a histogram is created with such number of intervals, which
corresponds to Ly — 1, while two abscise axis values of the histogram
correspond to minimum and maximum value of the matrix (DD,;,), by
which a further matrix (G) is created with the size L,,ix — 1, in which the first
column comprises values on the abscise axis of said histogram, and the
second column comprises correlated values on the ordinate axis of said
histogram, wherein the maximum value in said second column is Gax, Upon
which the values in said second column are numerically integrated in order
to obtain a curve similar to “error function”;

i1) all values of the matrix (G), are reviewed by means of the “for loop”,
and for each particular value between Gy, /6 in 5 x G,/6, the value from
the first column of the matrix (G) is inserted into a newly created matrix
(Gopr), in which all indexes are considered, in which the measurung results
of the matrix (G) are taken into consideration, upon which a further matrix
(G4 izracun) 1s created of size (2 x Lyi/3) x 1, in which all values from the
second column of each particular indexes in the matrix (G) are present,

which are included within the matrix (G,).
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3. Apparatus according to Claim 2, characterized in that the computer (4) is
further adapted for calculating average thickness (D4y6) of the probe (2) in

accordance with formula (VII):

i ey ey
i m_irvncin T

T — Yol

MGy s

(VID.

4. Apparatus according to Claim 2, characterized in that the computer (4) is
further adapted for determining the thickness (D4yg) of the probe (2) as the

minimum value of the matriX (G izracun)-

5. Apparatus according to anyone of Claims 1 - 4, characterized in that the
contrast screen (5) is bright, in particular white colored, while the probe (2) is
darkened on its surface, in particular in the area of its diametrical plane, which
extends throughout the longitudinal axis (20) of the probe (2) and at the same time

also perpendicularly with respect to the optical axis (30) of the video camera (3).

6. Process for measuring of thickness of a probe (2) during a tension test,
wherein each disposable standardized probe (2) having a measuring area defined
by means of a diameter (D,,,) and the length (L,,,) is fastened into a tension
testing device (1) furnished with at least one fixed jaw (11) and a movable jaw
(12), which are arranged above each other and adapted to hold said probe (2), such
that the longitudinal axis (20) of the probe (2) extends at least approximately in the
vertical direction, and wherein said probe (2) in such fastened state and during
tensioning thereof is recorded by means of a video camera (3), which is arranged
in the area of the tensioning device (1) at appropriate distance apart from the probe

(2), such that the optical axis (30) of the camera (3) is directed towards the
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longitudinal axis (20) of the probe (2) and perpendicularly with respect to said
longitudinal axis (20) of the probe (2), and in addition to that, said video camera
(3) is suitable for generating video recordings in the format “jpeg” i.e. 24-bit RGB
format, and is optionally for the purposes of transmission of data interconnectable
with a corresponding computer (4), which is adapted to receive, store, process and
optionally also to display and/or to export the data received from the side of the
previously mentioned video camera (3), characterized in that prior to recording
by said video camera (3) a screen (5) is arranged adjacent to said probe (2), which
is suitable to provide a contrast relative to the probe (2) and is arranged in the area
of said tensioning device (1) adjacent to the probe (2) and at appropriate distance
apart from it, namely diametrically opposite to the video camera (3) with respect to
the longitudinal axis of the probe (2), wherein said screen (5) is intended to
provide a contrast background behind the probe (2) during recording by means of
video camera (3) and is appropriately colored relative to each disposable surface of
each corresponding probe (2), and in that the computer (4) cooperating with said

video camera (3) is adapted for

1) converging each particular input picture of the measuring area (L) of
the probe (2) as received from the video camera (3), from the “,jpeg” i.c.
24-byte RGB format into a matrix (4) consisting of 8-byte digits with
values 0-256 corresponding to each particular points i.e. pixels, wherein the
dimensions of said matrix (A) are m x n, and wherein

- m is a number of rows of the input picture; and

- n is a number of columns of the input picture;

it) calculating average value (X) of pixels e.g. in a row corresponding to

integer of m/2 according to the formula (1)
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wherein the value x;; corresponds to a value in the line / and the column j in
said matrix, and the average value (X) corresponds to the average values in

the row i;

ili)  comparing each disposable values of pixels, wherein in the row |n.
such location i.e. such value j of the first and the last value in the row is
determined, which is smaller than the average value (x), as well as the
location of two neighboring values, which are not yet larger than the

calculated average value, which is performed according to algorithm (41)

“While (A = TRUE) Dp

End Whife

wherein the result of the first transition is
A= Xj=gon < ;B — [{i-1,3}, {xj-l:xj}]a
and the result of the last transition is

A= X < xB — [{jjH1), {x x50
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iv)  determining borders as well as the thickness of the probe (2) on the
basis of calculation of a pair of lines, which are each per se extending
through two points from each particular matrix, wherein a pair of values (x)
is calculated, in which said lines correspond to previously calculated

average value (X),
wherein the general formula (71) of each line is
y=kxx+n, (1) |

where (k) is a coefficient of inclination, and (n) is a section on the ordinate
axis, so that the first line with the inclination coefficient (k;) and the section
(n;) on the ordinate axis is calculated by means of points T,(j-1, x;.;) and
T,(j, x;), by which it is calculated, in which point (x;) the line corresponds
to the value, which is equal to previously calculated average value
according to formula (III) J

x1 = (X —ny)/k, (1)
upon which analogously also the value (x;) of the second line is determined,
and the thickness of the probe (2) in pixels is calculated by means of
formula (/) on the basis of the difference

Dpix = X2 —X] (IV);

V) determining the length (L), along which said measuring of

reduction of the thickness of the probe (2) is performed, wherein the ratio of
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original values of the diameter (D,,,) and the measuring length (L,,) of the

probe (2) according to formula (V) is calculated

and the length (L) in pixels is determined by means of formula (V1) on the

basis of thickness (Dp,) in pixels and the previously mentioned ratio (R)
Lpix = Dpix/R (VI);

by means of which for the purposes of further measuring of the thickness of
the probe (2) then a sub-matrix (W) of size Ly x n is created, wherein the
first row of said sub-matrix is the row numbered (m - L;,)/2 of the original
matrix (A), and the step of determining the thickness of the probe (2) is then
repeated in each row of said sub-matrix (W), so that in each row of the sub-
matrix (W) the thickness (D,;,) of the probe (2) in pixels is determined, and
for each image generated by means of the video camera (3) then a matrix

(DDy;,) of size Lyixx 1 1s created.

6. Process according to Claim 6, characterized in that the computer (4) is
further used for the purposes of eliminating errors due to image noise, by
anticipating that said error is statistically distributed in accordance with the Gauss
distribution curve, and 2/3 of the matrix (DD,;,) are taken into consideration by

calculating thickness of the probe (2), wherein

i) a histogram is created with such number of intervals, which

corresponds to L, — 1, while two abscise axis values of the histogram
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correspond to minimum and maximum value of the matrix (DD;), by
which a further matrix (G) is created with the size L, — 1, in which the first
column comprises values on the abscise axis of said histogram, and the
second column comprises correlated values on the ordinate axis of said
histogram, wherein the maximum value in said second column is Gp,,x, upon
which the values in said second column are numerically integrated in order

to obtain a curve similar to “error function”;

ii) all values of the matrix (G), are reviewed by means of the “for loop”,
and for each particular value between Gp,, /6 in 5 x G, /6, the value from
the first column of the matrix (G) is inserted into a newly created matrix
(G,p), in which all indexes are considered, in which the measuring results
of the matrix (G) are taken into consideration, upon which a further matrix
(Ga_izracun) 1s created of size (2 x Lyi/3) x 1, in which all values from the
second column of each particular indexes in the matrix (G) are present,

which are included within the matrix (G,,).

Process according to Claim 7, characterized in that average thickness

(D4y¢) of the probe (2) is determined in accordance with formula (VII):

9.

it ‘ﬁ-‘m o e
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A AR
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Process according to Claim 7, characterized in that thickness of the probe

(2) is determined on the basis of the minimum value of the matrix (G4 izracun)-



WO 2014/104983 PCT/S12012/000067

1/1

L/2

L/2

Fig. 1



INTERNATIONAL SEARCH REPORT

International application No

PCT/S12012/000067

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1B11/16 GOIN3/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO1B GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 5 033 096 A (MORRISON BRUCE R [AU] ET 1-9
AL) 16 July 1991 (1991-07-16)

column 9, line 44 - column 12, line 62;
figures 2-5

X JP 2000 146787 A (NIPPON STEEL CORP) 1-9
26 May 2000 (2000-05-26)
abstract; figure 1

X US 2003/182069 Al (BANES ALBERT J [US] ET 1-9
AL) 25 September 2003 (2003-09-25)
paragraph [0026] - paragraph [0034];
figure 1

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

14 May 2013 29/05/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 BEYfUB . Martin

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/S12012/000067
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5033096 A 16-07-1991 AT 85702 T 15-02-1993
AU 597485 B2 31-05-1990
AU 1512888 A 27-10-1988
BR 8801911 A 22-11-1988
CA 1320548 C 20-07-1993
DE 3878297 T2 25-03-1993
EP 0289084 A2 02-11-1988
ES 2037198 T3 16-06-1993
JP HO799322 B2 25-10-1995
JP 563298101 A 05-12-1988
NZ 224323 A 27-10-1989
US 5033096 A 16-07-1991
JP 2000146787 A 26-05-2000  NONE
US 2003182069 Al 25-09-2003  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

