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Abstract: To eliminate rotation deviation of sequential images
mosaic when measuring linear dimensions of large scale parts
with computer vision, a novel algorithm based on the chain
searching method is proposed.  After
preprocessing, including image filtering, image segmentation,
and edge detection, the chain code length of the contour line
can be searched out by the proposed method. Then, the angle

code image

from the contour line to the coordinate axis is computed with
the length of the contour line. After that, the sequence is
rotated in the opposite direction and the rotation deviation is
eliminated. It is prepared for the next mosaic of sequences in
eliminating shifting deviation. Experiments are carried out on
parts with a linear profile rotating angle from 0° to 9°. The
results show that compared with the commonly used Hough
transform, the new method has higher precision and faster
speed, which is important in realizing online high precision
measurements of large scale parts with a linear profile.
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C omputer vision measurement technology has been
extensively studied in industry, agriculture, medi-
cine, and other areas’ ™. In the industrial sector, the vis-
ual measurement technology for small scale parts' is rela-
tively mature. However, the technology on large scale
parts (i. e., more than 50 mm) is not perfect. Hung et
al. P! proposed a three-dimensional technique for a full-
field surface measurement system. Liu et al. ' proposed
a large scale measurement system. Although, these sys-
tems can be used to measure large scale parts, they are
quite complex and need identification marks, which
makes them difficult to be applied to the practical auto-
matic production line.
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In order to realize automatic measurement with comput-
er vision for large scale parts on a production line, an
easy-to-operate measurement system is designed and a se-
quential images mosaic method is established. Therefore,
the fast and precision mosaic of sequential images is the
key of measurement. A novel algorithm for eliminating
rotation deviation of sequential images of large parts with
the linear profile is proposed.

1 Measurement System

The computer measurement system as shown in Fig. 1
has four major modules: lighting, image acquisition, im-
age processing, and conveyor. The lighting module con-
tains red LED, and it is controlled by four switches sepa-
rately. The image acquisition module equips an industrial
CMOS camera ( type MV-D1024-28-CL-10). The cam-
era uses a global shutter, and it is suitable for production
lines almost without moving distortion and image hystere-
sis. The X64-CL iPro capture card that supports area
scan, line scan, black and white camera (8 to 64 bit),
and color camera (up to 36 bit RGB) is used as the image
acquisition card. The image processing module includes
computer hardware and software. The software is pro-
gramed by Matlab. The conveyor used to simulate the in-
dustrial product line is a common belt. Parts for testing
are a series of standard gauge blocks, which can be easily
calibrated and tested. The system realizes the automatic
acquisition of sequential images and outputs final meas-
urement results ( cuboid parts) after series processing.

LED source
and support

Conveyor

Machine parts |
CCD camera

Fig.1 Computer measurement system

2 Measurement Process

To obtain high-precision measurements of large scale
parts, a high-resolution camera should be used because
the imaging area is inversely proportional to the resolution
of detection. For large scale parts, a single image just ex-
presses a small area. Therefore, sequential images seam-
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less mosaic is used to acquire panorama. The measure-
ment system works as follows: First, sequential images
are captured. To reduce distortion, the camera and the
large scale parts are adjusted to make the linear profile in
the center of the camera lens. The light and the camera
focal length are adjusted to make the image clear and of
moderate brightness. Then the image distance, the object
distance, and the focal length are made the same. The
camera is automatically calibrated by Matlab!”. After
that, the conveyor and the measurement program are star-
ted. The camera continuously shoots to capture image se-
quences when the part passes a set position. It will not
stop until the end of the part comes out of the range of vi-
sion. There is some overlap between two adjacent se-
quences. Secondly, the computer calculates the image
mosaic, including image filtering, image segmentation,
edge detection, eliminating rotation deviation, and shift-
ing deviation. Finally, according to calibration and calcu-
lation, it outputs measurement results automatically.

In the above process, seamless mosaic technology of
sequences directly affects the speed and accuracy of the
measurement. The mosaic is completed by sequences
matching. The existing methods of image matching can
be divided into two categories: One is based on image
gray values, such as the cross-correlation method, the
projection method, the phase correlation method based on
the Fourier transform or the fast Fourier transform'®', and
the mutual information matching method depending on
statistics by measuring two random variables'” . The other
is based on image features, such as matching based on
edge features, profile characteristics, regional structural
features, and feature points. These theories and methods
are chosen by the specific characteristics of images. How-
ever, none does very well by itself on both efficiency and
accuracy.

3 Principle of the Proposed Method

On machine vision measurement technique of large
scale parts with the fixed overlap, the longer the parts,
the more the sequential images and the larger the compu-
tation of sequences matching. The matching method di-
rectly determines whether it can be used on a practical
production line or not. During the measuring process, the
zoom and other deviations of the sequential images are
ignored, because the object distance and the focal length
are fixed. Then the essence of the image mosaic is to
eliminate the rotation deviation and shifting deviation of
adjacent images. On the basis of the linear profile, this
paper presents a high-speed and stable algorithm of elimi-
nating rotation deviation. Fig. 2 shows a sequential im-
age. The novel technology for eliminating rotation devia-
tion is performed as follows. First, median filtering is
used to eliminate salt and pepper noise and impulse noise.
Consequently, more useful image edge and details are

preserved. Secondly, images are segmented to separate
the objective from the background. Half of the objective
gray value plus half of the background is selected to be
the threshold because the difference between the back-
ground and the foreground is significant. When the gray
value is more than the threshold, it is assigned zero; oth-
erwise, it is assigned 255. Then all the gray values of the
image are converted to zero or 255, and the goal is ex-
tracted as shown in Fig. 3. Thirdly, the Robert operator
with a good accuracy is used in image edge detection,
and the linear profile is identified as shown in Fig. 4.

Fig.2 An image of mechanical parts

Fig.3 The foreground of the image

Fig.4 The detected contour

After the contour line is detected, it is tested using the
new method and the Hough transform,
There are mainly two well-known algorithms. One is the
Hough transform with large calculations. The other is the
Freeman chain code with 8-connected paths tracking from
one contour pixel to the next, which has less calculation
than the Hough transform. Due to the detected linear pro-

respectively.

file of sequences, the chain code method only follows the
track in one direction, which not only saves memory
space but also greatly decreases the amount of computa-
tion. Fig.5 shows the part of an ideal line rotating angle
of 10° from the horizontal direction. Cot(10°) equals 5.
67 and the length of each horizontal chain code is almost
the cotangent of the angle, because each step is one unit
in the vertical direction. The error is less than one unit.
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Therefore, the average length value of all the horizontal
chain codes is just the cotangent in principle. Then the
rotating angle can be obtained by the inverse cotangent.

Fig.5 Binary image of a line rotating angle of 10° from hori-
zontal direction

According to the above principle, the chain code meth-
od searches the line along the horizontal direction to ob-
tain the length of each section chain code along the hori-
zontal row. Fig. 6 shows the magnified linear profile
shown in Fig.4, which is waiting for measurement. Due
to the noise in the image, codes belonging to the same
section may be divided into two or more breaking codes.
Therefore, when tracing the chain code, if the present
pixel does not belong to the edge, the following m (m
usually equals 3) pixels are used to judge whether the
pixel belongs to the edge or not.

____——

Fig.6 A binary image of the contour line

If all the pixels are not on the edge, the chain code
searching of that section is finished and a new chain code
searching begins on the next pixel of the row. Finally,
the longest chain code is selected as the row chain code.
The other rows are searched in the same way. The flow-
chart of the searching chain code algorithm is shown in
Fig. 7.
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Fig.7 Flowchart of searching chain code

Finally, the chain length data is sorted to obtain the
longest chain code which is denoted as max L. The maxi-
mum length may be broken due to the noise interference
even if the deflection angle is 0°. Hence, an upper
threshold 7, (e. g., T, =195) is set. When the maximum
length of a chain code is larger than 7, the deflection an-
gle is 0° by default. When the deflection angle is smal-
ler, the average length of the horizontal chain code is lar-
ger in theory, such as cot(1.5°) =38.188 5. However,
it is difficult to search a chain code with a length greater
than a certain threshold because of the noise. Consequent-
ly, another threshold 7,(e. g., 7, =40) is introduced.
When max L is greater than T,, the value of max L is re-
garded as the cotangent of the deflection angle. When the
deflection angle is larger, the theoretical mean value of
the horizontal length of the chain code is shorter. To ex-
clude the influence of noise, the lengths of the chain code
are arranged in an ascending order and the data column is
divided into three parts on average. The average value of
the middle part is adopted as the average length of the
chain code. The formula which is used to compute the
deflection angle is

0 if max L>T,
if T,<max L<T, (1)
if max L<T,

o = { arc cot(max L)

arc cot(avg)

where « denotes the deflection angle, and avg is the aver-
age value of the middle part of data after sorting. The
flowchart of obtaining the average chain code is shown in
Fig. 8.

Start
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Fig.8 Flowchart of obtaining average chain code

4 Experiments and Results

After image filtering, image segmentation, and edge
detection, contrast experiments are performed between the
proposed method and the Hough algorithm with ten 160 x
640 pixel images. The algorithm is run on a laptop com-
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puter with the Intel Core2 Duo T6670 (2.2 GHz) proces- eters by machine vision [J]. Optical Society of America,
sor and 2.93 GB memory. The measurement value of the Applied Optics, 2011, 50(19):3246 —3253.
rotation angle and the computation time are given in Tab. (2] Igathinathan§ C, POTdeSimO L O, Batchelor W.D~ Major
1. The experimental results show that compared with the orthogonal dimensions measurement of food grains by ma-
Hough algorithm, the accuracy of the proposed algorithm Z}lnnzoz)lslozzlzsll;l.g7l6ma§i[J]. Food Research Internation-
is improved and the speed is considerably faster. [3] Bologa B, Darbant A S. Computer vision aided measure-
Tab.1 Angle calibration ment of morphological features in medical optics[J]. Stu-
Rotation Proposed algorithm Hough algorithm dia University Babes-Bolyai Informatica, 2010, 55(3):
angle/(°) Measurement/(°) Time/s Measurement/(°) Time/s 111 -120.
0 0 0.064 0 2.156 [4] Leil Y. A machine vision system for inspecting bearing-
1 1.133 0.064 1.265 2.172 diameter[ C]// Proceedings of the 5th World Congress on
2 2.089 0.063 2.336 2.255 Intelligent Control and Automation. Hangzhou, China,
3 3.014 0. 062 3.271 2.283 2004: 3904 —3906.
4 3.970 0.061 4.335 2.306 [5] Hung Y Y, Lin L, Park B G. Practical 3D computer vi-
5 4.761 0.059 5.282 2.322 sion techniques for full-field surface measurement [ J].
6 6.048 0.057 6.355 2.376 Optical Engineering, 2000, 39(1):143 —149.
7 7.163 0.055 7.323 2404 [6] Liu J W, Liang J, Liang X H, et al. Industrial vision
8 7.692 0.051 8. 415 2438 measuring system for large dimension work-pieces [J].
9 8.782 0.048 9.374 2479 Opt Precision Eng, 2010, 18(1): 126 —134. (in Chi-
nese)
5  Conclusion [7] He B X. Research on methods of quality prediction and
control for multi-source multi-stage manufacturing proces-
Compared with the commonly used Hough transform, ses [ D]. Nanjing: School of Mechanical Engineering,
the proposed method has ideal results both in calculating Southeast University, 2008. (in Chinese)
speed and precision when eliminating rotation deviation. [8] Kuglin C D, Hines D C. The phase correlation image a-

lignment method[ C]//Proc IEEE 1975 Int Conf Cyber-
netics and Society. New York, USA, 1975: 163 —165.

[9] Li Q L. Some theory and application research of image
registration [ D]. Wuhan: School of Mechanical Engi-
neering, Huazhong University of Science and Technolo-
gy, 2009. (in Chinese)

It provides the probability of online measurements for
large scale parts with linear profile. Moreover, it is pre-
pared for the next mosaic of sequences in eliminating
shifting deviation.
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