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Abstract. A new measurement system was designed in order to improve the accuracy of the
non-contact type high-precision measurement of Steel bearing aperture. Firstly, the median filter
preprocessing algorithm was designed to remove the impulse and salt-pepper noise in the image,
and the edge details of the image was also preserved. Secondly, the image processing equalization
algorithm was applied to improve the image information contrast, which the gray level of original
image has been extended to the entire gray level range of the output image. Thirdly, the improved
canny edge detection algorithm was applied to detect edge more accurately, which employed the
convolution operation of the smoothing filter impulse response of first order differential and the
original image. The noise suppression and robustness of the operator were improved. Finally, the
contour image of the measured part was filtrated to calculate its size by the aperture image detection
algorithm. Its system algorithm software was designed based on the machine vision and computer
control technology, which used the Visual C++ development language in the integrated
development environment of OpenCV. The results show that the precision measuring system is
highly accurate and efficient for the parts size measurements. It is helpful to improve the accuracy
of the Precision Manufacturing Technology and Measurements.

Introduction

In modern machinery manufacturing industry, technologies of precision manufacturing and
measurements are fundamentally important [1-3]. They can ensure the quality of products [4-6]. For
the current manufacturing industry, detection techniques have become more and more sophisticated
since consumers increasingly demand high quality and diversity of products. [7-9]. Immediacy and
non-contact are the two characteristics of modern detection techniques. Therefore, our system
introduces machine vision in the field of industrial inspection [10-12]. Our experiments intend to
find a detection technique which is rapid, non-contact, automatic and accurate.

General Block Diagram of the System

Visual detection system can measure parts by non-contact with Visual C++ language. And it
realizes the function of detection with high efficiency and high precision measurement. Hardware
system mainly consists of LED lighting system, CCD camera, image acquisition card and so on.
CCD camera collects the image of parts. Then image acquisition card transmits images to a
computer for processing. The system applies software based on the idea of modular design with
OpenCV and Visual C++ language. General block diagram of the system is shown in Fig. 1.
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Fig. 1 General block diagram of the system.

Visual Image Information Processing

Image Preprocessing. Image pre-processing employs the method of median filter with nonlinear
filtering. The meaning of median filter: firstly, selecting a pixel, all pixels value in this eight
neighborhood order from small to large in accordance with the arrangement. And then it takes the
value instead of the gray value of the origin value.

With the order from large to small as follows:
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If the input of image is f(x,y), the output of image with the handling of median filter is g(x,y):

( ) ( ) ( )g x, y med f i, j , i, j A= ∈   (2)

In the Eq. 2, A: -(i,j) as the center of all the values of the neighborhood. The histogram of
original image is shown in Fig. 2. Impression image with median filter is shown in Fig. 3. From all
of them, median filter can deal with noise perfectly. At the same time, it holds the detail of edge.
And then it makes the image become gentle by histogram equalization which is shown in Fig. 4.
From it, we finds that treatments make the value of original image expand in the entire gray level
range.

Fig. 2 Original image.
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Fig. 3 Median filter.

Fig. 4 Equalization.

Improved Canny Edge Detection. The improved canny operator uses a 3×3 neighborhood, which

takes the possible influence of the pixels into account in every direction. The gradient A(i,j) and the
gradient direction θ(i,j) of the neighborhood of the center point is as follows:  
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Formula (3) describes the edge intensity of the image; formula (4) describes the edge direction. It
can be seen from the figure that the improved Canny operator can detect edge more clearly and
accurately. It is shown in Fig. 5.

Measurement and Determination of the Parameters of the Aperture Detection

Although there are more than one edges for a machine part, only one of the edges need
measuring. Hence it needs to select the specified edge of all the edges. Since the edge of the part is
a circle, our experiment uses the method of Hough circle transformation to screen out the edge to be
measured. The impression image of original image is shown in Fig. 6.
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Fig. 5 Improved Canny detection.

Fig. 6 Aperture detection.

Experimental Result

Materials. 1) With an aperture diameter of the standard steel material part as the measuring objects,
the 2/3 inch CCD camera was used in this system. 2) With the grade-0 gauge block is used in the
system calibration and each pixel size corresponding to 0.00564mm. 3) With Three-Coordinate
Measuring Machine(UK LK-G90CS15.10.8, Precision:0.002mm, time consuming:22minutes), the
standard steel material sample was measured as the standard diameter 25.011mm, which
corresponds to the image pixel diameter contains 26562 pixels.
Methods. The standard steel material part in the different position of the conveyer belt was
measured in this system, which the 10 times data were recorded and the results were shown in Table
1. After analyzation and calculation, we can obtain the parameter of part for average, variance,
standard deviation, dispersion and so on. The results were shown in Table 2.

Table 1. Experimental measurement results

Number Bore diameter /mm Absolute error /mm
Relative
error %

1 25.0137 0.0027 0.01079525

2 25.0142 0.0032 0.01279437

3 25.0170 0.0060 0.023989445

4 25.0163 0.0053 0.021190676

5 25.0135 0.0025 0.009995602

6 25.0156 0.0046 0.018391908

7 25.0145 0.0035 0.013993843

8 25.0174 0.0064 0.025588741

9 25.0178 0.0068 0.027188037

10 25.0186 0.0076 0.03038663
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Table 2. Measurement parameter analysis

Max /mm Min/mm Aver/mm Variance /mm2 Standard
deviation /mm

Dispersion
degree/mm

Diameter 25.0186 25.0135 25.01586 3.3382×10-6 0.001827080 0.0051

Based on the above measurement results, it can be known that the parts position is different
among ten times measurements. The experiment shows that the error between test results and the
standard size of parts can be strictly controlled within 10μm. The result perfectly reaches our 
experimental expectation

Conclusions

As the image contrast near the boundary is different, we propose a measurement method based
on image processing, which can find the location of boundary, and carry out the measurement of the
aperture. This high precision measurement system is designed to realize the non-contact
measurement for the steel bearing aperture, which used the Charge-coupled Device (CCD) as image
sensor, and combined with the computer as powerful data processing ability. Experimental result
shows that the measurement system can control the diameter error within 10μm. It proves that the 
system meets the requirements of parts size precision measurement and it can also be applied to
measure other aperture of smaller parts with non-contact measurement. Therefore this system
provides a reference for the similar devices.
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