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Abstract
The features of the development of a device for monitoring
simultaneously two parameters of a wire in the process of high-temperature
drawing – temperature distribution and diameter are described. As the device,
the use of machine vision systems is proposed. A method for control the
parameters of a wire during manufacturing are proposed. The effect of the
modulation transfer function on the measurement of the temperature and
diameter of the wire is briefly considered.
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drawing process.
1. Introduction.
The quality of the manufactured products to a large extent depends on
the perfection of methods and devices for control its parameters.
In the production of metal wire, need to make the control of two its
parameters – linear cross-sectional size (diameter) and the temperature
distribution on its surface in the deformation zone or in the post-deformation
zone, depending on the manufacturing process.
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In the traditional drawing process (with a drawing tool – die), a postdeformation zone can be selected as standard for control, while for the dieless
drawing the main interest is caused by the zone of deformation of the product.
The most suitable solution of the problem in the context of control
simultaneously two parameters of the wire in real time is the use as a tool of
machine vision systems (MVS). Basically such systems possess:
- high spatial resolution, which can be used to measure the geometric
parameters of the object;
- spectral characteristic with a range of wavelengths of the visible
region and near infrared region of electromagnetic radiation, which makes it
possible to use methods of brightness and spectral pyrometry.
To control of the wire drawing process in [1], the authors proposed
using a budget MVS (webcam) as a measuring tool. This approach is attractive
in terms of practicality and economy.
In [2], a group of thermocouples was used to research the temperature
in the deformation zone.
Most of the works [3-6], in which described are the results of the
control of temperature and diameter of extended objects (wire and tube) with
the use of MVS, are devoted to dieless drawing.
In [7], the surface temperature of a 600-µm wire is measured by use
method of brightness pyrometry. This work gives the basis for calibrating the
machine vision system by temperature. As a test-object, a reference temperature
lamp was used.
Dieless drawing is great interest in the scientific and technical spheres,
because full abidance to the given technological regime in the manufacture of
wire makes it possible to obtain a product of high quality without the use of a
drawing tool and a lubricating-cooling material. High temperatures are
characteristic for the dieless drawing.
In addition, abidance of the technological regime in the manufacture of
wire can make a significant contribution to the development of 3D-printers,
which use fused deposition modelling (FDM) technology.
Usually in the works that are devoted to measuring and control the
parameters of the object using MVS, there is no information about the transfer
characteristics of the optical system (OS) and the radiation receiver (RR), noise
components and measurement deviation, and those that are available are
described very briefly.
Determination of the transfer characteristics of the OS and the RR is
considered in more detail in [8-11].
In the works described above, usually, the procedure for measuring the
linear dimension of an object is carried out by means of additional image
processing with the purpose of edge detection (Canny edge detector method,
Otsu's method of optimal global threshold transformation, Sobel and Prewitt
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masks operators, etc.) [3-6,12-14]. In the shadow method, where only the object
and the background can be selected in the image area, can be used only the
threshold brightness value [15].
From the analysis of the literature, it can be concluded that for today
there is no such device and control method by means of which it is possible to
control simultaneously two parameters of the wire – the temperature
distribution and the diameter.
2. Materials and methods of research.
2.1. Deviation of the measured signal.
The signal A (pixel brightness), which is measured in brightness
gradation (b.g.), apart from the useful component, also contains the noise
component. In this case, the noise component can be defined as the total noise
of noise of various origins.
In most cases, the model of Gaussian noise is used to determine the
deviations of the measured signal [13].
The probability density function for a random signal value is defined as
-(A- A )2 2σ 2
,
(1)
p(A) = 1 e
2πσ
where A – average arithmetic value of the signal from the sample; – σ
standard deviation by A .
The deviation in the random signal value A is the standard deviation
σ . In this case, it is assumed that with a probability of 70%, the true value of
the measured random signal will in the range ( A - σ; A + σ) [13].
2.2. The modulation transfer function.
The image quality depends from the transfer characteristics of the OS
and RR. Spatial resolution of the OS depends on its frequency-modulation
characteristic, the modulation transfer function (MTF).
In this work, test-target (Foucault chart) by ГОСТ 15114-78 (In
Russian) was used to determine the MTF.
As is known, the modulation (contrast) M on the spatial frequency ν
for the selected wavelength λ and the diaphragm number k is defined as [811]

M(ν) =

Amax - Amin
Amax + Amin

,

(2)

where Amax and Amin – maximum and minimum illuminance (brightness) of
the line-pair of the test-target in the image plane, that constructed by the OS.
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The frequency is expressed in line-pairs per millimeter and is defined
as

ν=

1

=

lTT

1
2p

,

(3)

where lTT – the linear cross size of one line-pair of the test-target, which
consists of one dark and one light lines; p – linear cross size of one line.
The complete MTF of the OS consists of the MTF of its individual
elements. Defined as
M complete (ν) = M RR (ν) ⋅ M OS (ν) = M RR (ν) ⋅ (M 1 (ν) ⋅ M 2 (ν) ⋅ ...) ,
(4)
where M RR (ν) – the modulation at the spatial frequency ν for the RR; M 1 (ν) ,

M 2 (ν) and … – the modulation on the spatial frequency ν for each individual
element of the OS.
2.3. Calibration of the device by temperature.
To calibrate the device by temperature was used a test object – a wire
of NiCr alloy (Ni – 80%, Cr – 20%) 500 µm in diameter.
The site of the test object, which was under the sight of the MVS, was
heated by an electro-contact method using an adjustable power supply. To
determine the temperature of the object was used an industrial thermometer
with a K-type thermocouple.
Calibration of the device at a separate temperature value for an
individual signal value was made using the averaging filter. The averaging filter
is based on calculating the average arithmetic value of the signal from a certain
neighborhood of the pixels on the image with using a mask with size NxN (it is
assumed, that N – is an odd number) [13].
Defined as

A(x, y) =

1
N

2

N

N

∑ ∑ A(x - ( N 2 )+ i, y - ( N 2 )+ j) ,

j=0 i=0

(5)
where x and y – the pixel coordinates on the image for which the averaging
filter is calculated.
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2.4. Method for control the parameters of the wire.
Due to the vibration of the wire at the time of manufacture, in most
cases a defocused image is obtained. Unfortunately, for the present time, most
of the image processing algorithms do not provide a complete image
reconstruction.
A well-known solution is to observe beyond an object in the
manufacturing process at some angle α to the idealized plane along which this
object should move [6].
In the proposed method, the program algorithm determines a certain
focused area of the image of the heated wire for measuring the diameter and
temperature. Also, the measurement results, including information about the
processed image area (for example, line number), are recorded in the database.
The algorithm for determining the focused image area of the wire is
quite simple. If the input signal (the brightness distribution in this region) does
not have a pronounced rectangular or square view, then this region belongs to
the defocused state of the image (typical views are shown in Fig. 1, a and b).

a)
b)
Fig. 1. Brightness distribution on the width of the frame (Распределение
яркости по ширине кадра),
a – typical kind of focused image of an object,
b – typical kind of unfocused image of an object;
where n – number of pixel.
A standard method can be used to measure the wire diameter, which is
based on counting of a pixels (quantity of pixels – Q ) that have a brightness
greater than the threshold value Athreshold . The threshold coefficient kthreshold is
usually taken to be 0.5 (in the range from 0 to 1), which corresponds to half the
height of the overall brightness of the object. The threshold value is defined as

Athreshold = kthreshold ⋅ Aobject ,

(6)
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where Aobject – the brightness of the object, which can be defined, for example,
using the image histogram [14,15] or the average arithmetic value.
Also, can be used a method, which based on preliminary calibration of
the device from a sample of measured diameter values [15]. For a sorted pixels
array by brightness, the diameter is defined as
A -A
(7)
D = Q(Athreshold )+ n threshold ,
An - An-1
where n and n - 1 – the current and previous number of elements in the sorted
array.
This approach can be used for interlaced scans of matrix pixels.
5. Results and discussions.
5.1. Device design.
Body parts and most of the accessory parts of the device were printed
on a 3d-printer. The photo of the device and some equipment that were used in
the experiments are shown in Figure 2.
The design of the MVS lens consisted of two achromatic lenses and an
adjustable diaphragm. The focal length of the OS is f' = 55.5 mm.
To conduct pyrometry in the high-temperature wire drawing, a narrowband light filter was introduced into the design of the OS. It releases a
wavelength λ of 535 nm.
As was the radiation receiver, the budget module of the camera on the
CMOS matrix was chosen. In accordance with the design of the device and its
purpose, information for further processing was obtained only from sub-pixels
of the green channel. A similar approach for controlling the temperature field
was realized in [17] (information was obtained from subpixels of the red
channel).
As a RR, the budget module of the camera on the CMOS-matrix
OV2710 (OmniVision) [16] was chosen.
In accordance with the design of the device and its purpose,
information for further processing was used only from sub-pixels of the green
channel. A similar approach for control the temperature field was realized in
[15,17] (information was used from subpixels of the red channel).
The software was developed on the Java language. The basis was a
well-known library OpenCV, which has all the main components for grabbing
an image from the device and further processing.
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a)
b)
Fig. 2. Device for control the parameters of the wire:
a – device and equipment that was used in experiments,
b – calibration of the device by temperature;
which 1 – radiation receiver, 2 – lighting system, 3 – test-object for calibration
of the device by temperature, 4 – adjustable power supply, 5 – industrial
thermometer with K-type thermocouple.
5.2. The modulation transfer function.
Results of defined the complete MTF for all elements of the MVS are
presented in the graph in Fig. 3. Input data (used in all experiments):
- wavelength λ of 535 nm;
- diaphragm number k = 13.9 with a focal length of OS f' = 55.5
mm;
- average arithmetic value of the signal Amax = 146 b.g. for the spatial
frequency ν = 0.98 lp/mm, which corresponds to the size of line of the testtarget p = 508 µm.
The drop in modulation at high spatial frequencies causes a reduction
in the ranges of measured linear dimensions and the measured signal – the
temperature of the object.
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Fig. 3. Result of defined the complete MTF.
5.3. Calibration of the device by temperature.
Results of calibration of the device by temperature are shown by the
graph in Fig. 4.
The size of the mask of the averaging filter in the experiment N = 11 .

Fig. 4. Calibration of the device by temperature.
The graph shows that the curve, starting from point (1030, 146),
deviates. This indicates additional errors in the measurement of temperature.
The range of the measured temperature T of the wire from the NiCr
alloy 500 µm in diameter was 826-1030 °C, and the range of signal values is
30-146 b.g.
According to the results, the conversion coefficient k temp of the signal
value A to the temperature value T can be defined as

ktemp =

T
A

=

Tcalib max - Tcalib min
Acalib max - Acalib min

,
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where Tcalib min and Tcalib max – lower and upper limits of the temperature values
that have been calibrated for the values of the signals Acalib min and Acalib max .
5.4. Deviations of the measured diameter and temperature of the
wire.
For an idealized, aberration-free OS, deviations in measuring the linear
dimensions and the temperature distribution of the wire for this MVS would be
characterized only by the complete MTF, the noise component of the signal and
the dynamic range.
As is known, any OS contains aberrations to a greater or lesser extent,
whose effect may decrease or increase depending by the diaphragm number.
Therefore, it is also advisable to introduce a coefficient that characterizes the
effect of one of the most priority aberrations in the measurement of linear
dimensions – distortion [9,10].
The result of the measured temperature at one point can be written in
the form
T ± ΔX temp = (Tcalib min +((A - Acalib min ) ⋅ ktemp )) ± (ΔX signal (A) ⋅ ktemp ) .
(9)
The result of the measured diameter can be written in the form

D ± ΔX meas = ((Q(Athreshold ) ⋅ l px ) ⋅ kdist (x, y)) ± ΔX meas ,
where l px

(10)
– the physical size of the pixel; kdist (x, y) – the distortion coefficient,

which corrects distortion when measuring linear dimensions; ΔX meas – absolute
methodical deviate of the measured value.
For example, the deviations results for the developed device with
budget camera module. Input data:
- wire with linear dimension – 500 µm, temperature – 826-1030 °C;
- camera resolution VGA (640x480 pixels, interlaced scan) with 120
frames per second;
- optical scale ≈ 1:1 .
The deviations results: for measuring the temperature the deviation
ΔX temp = 3.16 °C, for measuring the diameter – ΔX meas = 20 µm.
6. Discussion.
Depending on the wavelength λ and the diaphragm number k ,
measurements can be made for a particular wire diameter and temperature
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distribution. In this case, must be taken the deviations due to the aberrations of
the optical system and the noise component of the signal.
Also, from the results obtained, it can be seen that the temperature of
an object which changes its linear dimensions can be defined incorrectly, if the
transfer characteristics of the MVS OS are not taken.
The use of image processing methods to measure and control the
diameter and temperature is not, in most cases, justified, for example, the
complex algorithm of the Canny edge detector method in some systems can
produce additional delays in time, which can lead to a skipping of product
disruption.
A simpler method for measuring the diameter of an extended object is
a worthy alternative. It is based on counting of a pixels at a given brightness
threshold. In addition, it is necessary to take into account the noise component.
Of course, at first, the device must be calibrated.
7. Conclusion.
Some features of the development of a device for control
simultaneously two parameters of a wire for high-temperature drawing-the
diameter and temperature distribution on its surface-are shown.
Depending on the wavelength λ and the diaphragm number k ,
measurements can be made for a particular wire diameter and temperature
distribution. In this case, the deviations due to the aberrations of the optical
system and the noise component of the signal must be taken. In addition, the
transfer characteristics of the optical system, and more specifically, the
characteristic that describes the energy distribution at different spatial
frequencies, must be taken.
The results can be applied in works that are devoted to the research of
the drawing process of extended objects, such as wire, tube, and other.
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