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ДАТЧИК 
In this article is describes how to measure the circumference of the bead wires via optical sensor, which is commonly 

found in optical mice. The sensors have different resolution in the range from 400 DPI to 5000 DPI. For testing was selected 
sensor ADNS-2610 with a resolution of 400 DPI. 
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Fig.: 8. Bibl.: 6. 
Описано спосіб вимірювання окружності бортових дротів за допомогою оптичного датчика, який зазвичай 

знаходиться в оптичних мишах. Датчики мають різний дозвіл у діапазоні від 400 до 5000 DPI. Для тестування було 
обрано датчик ADNS-2610 з роздільною здатністю 400 пікселів на дюйм. 

Ключові слова: бортовий дріт, оптичний модуль, об'єктив. 
Рис.: 8. Бібл.: 6. 
Описан способ измерения окружности бортовых проволок с помощью оптического датчика, который обычно 

находится в оптических мышах. Датчики имеют различное разрешение в диапазоне от 400 до 5000 DPI. Для тес-
тирования был выбран датчик ADNS-2610 с разрешением 400 пикселей на дюйм. 

Ключевые слова: бортовая проволока, оптический модуль, объектив. 
Рис.: 8. Библ.: 6. 

Introduction. The bead component of the tire is a non-extensible composite loop that 
anchors the body plies and locks the tire onto the wheel assembly so that it will not slip or 

rock the rim. The tire bead component includes the steel 
wire loop, apex or bead filler; the chafer, which protects 
the wire bead components; the chipper, which protects 
the lower sidewall; and the flipper, which helps hold the 
bead in place. The bead wire loop is made from a 
continuous steel wire covered by rubber and wound 
around with several continuous loops. The bead filler is 
made from a very hard rubber compound, which is 
extruded so as to form a wedge. The bead wire loop and 
bead filler are assembled on a sophisticated machine. 
Bead wire is an essential reinforced material for tires on 

automobiles, earth-moving equipment, large trucks and aircraft. The bead wire and its 
placement is shown on Fig. 1. 

The basic elements for the construction of an optical module. The construction of the 
measuring optical module is based on the functional principle of optical mice, which consists 
from sensor, clip, led and optical lens shown in Fig. 2 [4, 6]. 

 
Fig. 2. Functional principle of optical mice. 
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Fig. 1. The bead wire and its placement 
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For the measurement, we selected optical sensor ADNS 2610 with 400 dpi, which is 
powered to 5V, and a speed of sensing is up to 305 mm/s. Connection of sensor and list of 
components is shown in the wiring diagram Fig. 3 [4]. 

 

 
Fig. 3. Wiring diagram for sensor ADNS2610 

An important part of the measuring optical module are selection and placement of optical 
lens that allows you to change the distance of the reference object from the image sensor 
inside an optical sensor Fig.4 [1, 6]. 

 

 
Fig. 4. Proposal of measuring optical module and main parameters 

For achieving the clear and sharp image, it is necessary to determine the correct focal 
length of lens f [2, 3]. 

1 1 1 ,
f Do Di
   (1) 

where Do is object distance and Di is image distance. 
For the selection of appropriate lens were tested three types of lenses with a focal length 

f = 2.8 mm, 3.6 mm and 4.2 mm 
Image calibration of optical module. We have created optical module composed of 

optical sensor ADNS2610, lens and high-bright LED shown in Fig. 5. Led light is important 
for sufficient lighting scanned surface. In this case was selected red led, can be use blue high-
bright led, too. 
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Fig. 5. Optical module 

It was subsequently captured bead wire with three kinds of lens - f = 2.8 mm, f = 3.6 mm, f 
= 4.2 mm. The resulting captured images by each lens are shown and compared in the 
following figure 6. Lighter area in the figures shows the rope and dark shaded area represents 
the area between the ropes. 

 

 
Fig. 6. Captured images by each lens 

We are comparing the three images and we are recommended for measuring the 
circumference of the bead wires lens with a focal length f = 2.8 mm. With this lens captures 
the subject at a distance LP = 14 mm and the scanning area of the leased is 7 x 7 mm. These 
values are appropriate for our measurements 

The proposal of measurement circumference of bead wires via optical module. Based 
on proposed measuring optical module was suggests its location by measuring the inner 
circumference of the bead wire in the Z axis. The measurement line is always parallel to the 
central axis of measured bead wire. The principle of measurement is shown in figure 7. The 
module is rotating around the center of the swivel joint during the measurement. For detecting 
the track position of the module was used absolute encoder [5]. 
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Fig. 7. Measuring principle for optical module 

Following figure. 8 shows an algorithm for measuring circumference via sensor ADNS-
2610. At the beginning is initializing sensor ADNS-2610, then reads the motion register in the 
microcontroller, in our case, we used the Arduino. When motion is detected - read the value 
changes in the axes X and Y. In case the motion is not detected, the sensor is in standby mode. 
Subsequently, the data are filtered and sent to a computer, where data are processed and 
evaluated. 

 

 
Fig. 8. Algorithm of measuring via optical module 

Conclusion. The measurement principle is designed to measure the circumference of the 
bead wires with optical sensor ADNS-2610. After assembly the measuring stand can be tested 
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accuracy of module. Via visual output of the sensor will see the exact start and end of 
measurement in testing. In case if the measurement is not too accurate, it is possible to use an 
optical sensor with higher resolution and other types of lenses. 

Article was created within the project research and development of Hi-Tech integrovaných 
strojnotechnologických systémov pre výrobu automobilových plášťov. 
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