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Abstract

It is difficult to track, count and separate the bars moving at a high speed on production line for
their overlap under occlusion. Therefore, it is necessary to establish a reliable, practical splitting
mechanism for the adhered bars. This paper proposed a new solution to the problem of bars adhesion: the
plane array camera was utilized to acquire the images of moving bars so as to recognize the centroid
coordinates of the bars ends and compute their area with a Blob algorithm, two geometric parameters
were utilized to detect adhered bars, and the presence of adhered bars was analyzed according to the
convex hull. For the adhered bars, the segmentation points were searched using scanning method by a
series of the rules to determine the optimal segmentation line. The proposed method can segment the
adhered bars effectively with matched concavity points. The experimental results show that the method
can well segment and count bars moving at a high speed on production line, with the counting accuracy
near to 100% and the recognizing time in millisecond.
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1. Introduction

With the popularization of negative deviation rolling technology, to ensure the economic
interests of rolling mills, it is necessary to count and separate the steel bars precisely that the
bars of high-speed production lines need to be reliably detected, located and determined the
mutual positional relationship. Therefore, Enterprises pay more and more attention to the
method that can quickly and accurately achieve automatic counting of steel bars.

However, in actual production, due to production process and complicated production
environment of steel bars, there is usually existing severe noise in the acquired image for a
couple of reasons: the light changing frequently, the motion image blurring caused by the quick
movement of steel bars, the dark or blue sections for oxidation. Especially, the image distortion
caused by the monocular image acquisition will generate occlusion and adhesion phenomenon
on the edge of images. In addition, misaligned bars will cause the same problem. All the
problems will make it difficult to track, count and separate the steel bars on production line [1].

After image threshold processing and binary processing, the adhesive targets are in the
same connected domain because the targets have the same color and texture features. So,
these targets will be treated as one target and errors are easy to occur in the subsequent
processing. Moreover, there is almost no gray difference or gray gradient difference among the
adhesive oval targets, which makes it difficult to identify different regions. Therefore, it is
necessary to separate the adhering bars into individual goals via a series of processing, which
is the adhesion target segmentation [2].

Image segmentation of adhering steel bars or other oval objects is the precondition for
subsequent image analysis and feature extraction. On the problem of adhering targets
segmentation, many scholars have proposed different methods, such as mathematical
morphology operations, improved watershed transform, and active contour tracking. The
traditional watershed segmentation method [3] is prone to cause over-segmentation result, and
the accuracy of object extraction is not high.

The research for the image segmentation of adhered steel bars or other oval objects
has obtained some achievements at present. The method of image segmentation and
recognition based on the oval assumption has been proposed in reference [4], combined with
the mathematical morphology, it has solved the problem of the adhered steel bars, and realized
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the counting of bars, but with low accuracy. Wu separated steel bars from the background by
means of active contour model, and he realized the segmentation and counting of the steel bars
by using image segmentation, edge extraction and mathematical morphology [5]. Zhang
proposed the method which based on template matching and variable threshold segmentation
for detection and positioning of bars, to some extent, which can overcome the bar section
adhesion, occlusion, oxidation and other interference [6].

For the problem of the adhered bars in the image, reference [7] took the following
actions: preprocessing the collected original bar image; then processing each bar in the image
into a single pixel by corrosion and thinning algorithm, which can realize the segmentation of
adhered bars preliminarily; in the end, using the algorithm of shrinkage and detecting the
endpoint of the line, to realize the one to one correspondence between single pixel and related
steel bar on the original image [7]. However, this method can not solve the occlusion problem.

A method for image segmentation based on local binary pattern and region competition
was proposed in the reference [8]. In this method, the region competition algorithm was
improved, a new region competition hypothesis was introduced according to the characteristics
of the bar image segmentation, and an iterative algorithm was proposed, in which the energy
can be converged to the local minimum. But the calculation of this method is so complicated
that this method is not suitable for real-time counting.

Reference [9] uses the area method to separate and count the adhered steel bars, its
theory is to calculate the average area of the bars section at first, then to calculate the number
of bars according to the area of each connected domain. Error in this method will be large.

Reference [10] takes advantage of the improved watershed algorithm to handle the
adhering bars in the image. Firstly, the image is pretreated before using watershed algorithm;
and then, the method of gradient operator and mathematical morphology must be used to avoid
over-segmentation. Finally, watershed algorithm based on distance transformation is used to
realize the segmentation of adhering bars. However, this method generates considerable error
for occlusion bars image.

Reference [11] pretreated the bars sections in the image acquired in real time by use of
graying, smoothing, and binarization, and proposed a method of counting oval objects based on
region growing method and linear notation method. This method can achieve the purpose of
counting and separating the adhering bars.

The above segmentation method for adhered bars image can not meet real-time
requirements not only on the accuracy but also on the processing speed. Over-segmentation,
excessive operation or poor accuracy does not suit for high-speed and real-time processing on
bars production line. In this paper, we will study on this issue in order to resolve the problem of
adhering bars segmentation. First, we can obtain an accurate separation location between the
bars; and this will lay solid foundation for target tracking, counting and separating bars by servo
system.

2. Image Preprocessing of Steel Bars

In this paper, images are collected through the Basler plane array camera, whose
resolution is 1296x966, frame rate is 30fps, and collection field is 700mmx200mm. One image
can be acquired and processed within 30ms. The acquired image of bars in the highlight blue
LED light source is shown in Figure 1.

Figure 1. Image of Bars (the tenth frame)
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There is usually severe noise in the image collected from the camera for a couple of
reasons: First, shapes of bars sections are different; second, field environment is complex; third,
light changes frequently. Therefore, image preprocessing is necessary in this paper, and the
main means are image threshold segmentation and filtering.

First, processing of image threshold segmentation must be done to the collected
images to eliminate the influence of background [12]. Then, assume that the image region is
f(x,y), and select the appropriate T as the threshold to obtain binary image through image

binarization. The binary image region is f'(x, y) . As is shown in Figure 1, sections of bars differ

from the background obviously due to light irradiation, thus T will be set as average gray value
for the whole image.

Aiming at the noise jamming problems in the image after binarization, median filtering
can remove the noise [13]. Binary median filter is applied for in this paper by using 4x4 mask.
Figure 2 is the image after pretreatment.

Figure 2. Pretreatment of the Image

3. Blob Analysis

Blob analysis can provide the information of the image about Blob number, location,
shape, and orientation, etc; it can also provide the geometric topology of the related Blob.

In this paper, the bars sections can be extracted quickly and accurately by using Blob
algorithm, and the length, width, area, and centroid coordinate of each Blob can be calculated.
After pretreatment, the target region has become an independent connected domain. This
paper extracts the Blob of bars sections of each frame image through eight neighborhood Blob
analysis, and calculates the centroid of the target region.

3.1. Blob Recognition
The binary image is BI(x,y) (Bl for short) after pretreatment, and it can completely be

divided into several sub-regionsBl, (x,y), these sub-regions are formed by m Blob and a

background [14].
The shape characteristic of the Blob region is described by using the moment [15], for
one Blob image{I(x,y)} its (p+q) moment is as follows:

Moo= D 1(xy)xPy® 1)

(x,y)el(x.y)

As is shown in formula (1), (x,y) is interior point or boundary point of Blob domain, for
the binary image, the value of 1(x,y) is 1(Inside Blob) or 0 (Outside Blob). Moreover, moment
sequences (v | is only identified by |(x,y).

Particularly, 0 moment of the image is as follows:

M 00 — Z 1(x,y) 2

(x,y)el(x,y)

Formula (2) is the area of Blob region in pixels. Exclude interference region of pseudo

bars Blob using feature histogram method according to the Blob region features, and count Moo
of each Blob.
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3.2. Blob Mark
In fact, when Blob analysis is carried out on the bar images, there is no need to analysis
the whole image; in this paper, we set the interest region in order to significantly reduce

calculation. Centroid (X , 7) of the Blob region can be obtained by formula (3).

(%,7) = (20, oL ®)

Mark the centroid and serial number of each Blob region from left to right. Figure 3 is
the analysis result of Blob image. Table 2 shows parameter values of each Blob.

BElokl: O Blok3: 2

o @a

BlobZ: 1

Figure 3. Analysis Result of Bars Blob

Table 1. Blob Parameter Values (pixels)
No. Area Centroid abscissa Centroid ordinate

3216 80 64
1590 180 65
1519 242 73

4. Concave Points Extraction and Segmentation of Adhering Bars

Each independent Blob region of bars image is identified after image threshold
segmentation, denoising and Blob analysis. However, some of the targets are one connected
regions composed of several bars such as the Blobl in Figure 3. So it is necessary to segment
it into independent and non-stick bars in order to ensure accuracy of counting results.

There are two basic characteristics in convexity adhesion target: First, the radial width
of connected place is smaller than the target diameter. Second, a pair of concave points is on
both sides of target diameter. Based on this characteristic, we use the segmentation algorithm
based on boundary concave points searching and boundary tracking [16].

Two problems must be solved to segment the adhering region; the problems are where
to segment the adhering region and how to segment the adhering region. Reference [17]
proposed an intuitive method for region segmentation. This method mainly includes three steps:
first, finding the deepest concave points by concave analysis to be candidate segmentation
points; second, selecting the segmentation route; third, selecting the best segmentation line.
This region segmentation method based on concave analysis is widely used in cells and grains
segmentation, but the process of finding segmentation points is complicated.

In this paper, we must determine whether the bars are adhesions or not at first. If the
bars are adhesive we must detect and smooth the edge and find the concave points; then
segment the steel bars image through segmentation line determined by a pair of concave
points. Now the adhering bars are segmented perfectly.

4.1. Adhesions Test

For each Blob region getting from Blob analysis, we can find the different size between
external convex hull and external rectangle when observing adhesions and non-adhesions Blob
region. This provides a basis for determining the existence of adhering bars. Therefore, this
paper introduces the aspect ratio and area ratio as morphological parameters to establish
discriminant model of adhering bars.
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The region of interest is detected and expressed with Blob B(x, y)’ and its external

convex hull and external rectangle R(X.Y) is drawn as shown in Figure 4 and Figure 5. The width
and height of R4 Y) are R y)(width) 5ngR(x, y)(height)

CRKY v ee

Figure 4. Blob Convex Hull Figure 5. Blob External Rectangle

When the Blob target is too long or too wide, bars are considered to be adhesive.
Aspect ratio can be calculated by minimum external rectangle, the formula is as follows.

_ R(x, y)(width) (4)
Y R(x, y)(height)

Area Area,

The ratio of Blob region area Bar t0 convex hull area convex s the largest when the
bars are non-adhesive. So, when the area ratio exceeds a threshold, we can come to the
conclusion that the bars are adhesive, and the area ratio formula is as follows:

_ Areag,, (5)
AreaCmvex

A

For non-adhesions bars, the g, is large; but for adhesions bars, the g, is obviously

small. Therefore, an empirical threshold can be used to determine whether there are adhesions
bars or not. Moreover, the adhering bars usually appear in the horizontal direction, so bars
adhesions appears when K, is very large. In this paper, we use the thresholdK ., andK,,,.,

to determine the existence of bars adhesions. In conclusion, discriminant model can be
described as follows:

and Ky < Ky £ Kyur,  adhesions

{KA <K,

Category = .
others non — adhesions

4.2. Concave Points Extraction

Within the view field, the arrangement of bars along the direction of chain movement
may be non-adhesions, two bars adhesions and multiple adhesions. Non-adhesions bars can
be easily identified after preprocessing; two bars adhesions and multiple adhesions can also be
segmented by using mathematical morphology method if adhesions are not serious. However,
partial occlusion caused by field distortion and misalignment of bars will lead to serious
adhesions. It is not easy to segment this kind of adhesions by mathematical morphology
method. To determine adhesions, we must find the concave points by smoothing processing
and make the segmentation line.

In this paper, we assume that the bars sections have convex edges after pretreatment,
the concave points in the contact position of two bars can not be covered by other bars, and
there is no cavity in the single bar, and its shape is close to a circle or an oval.

We put forward the method of concave point extraction according to adhesions

situation. 9 and 9 are major and minor axes convex hull of Blob region, respectively. To
improve the searching speed, searching only happens in the minor axis direction.

Image Segmentation of Adhering Bars Based on Improved Concavity Points... (Guohua Liu)
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Standard 1: For the Blob region of adhering bars with obvious external contour, its Ka

andKw are calculate first, then the concave points can be found if K and Kin meet the
adhesion testing conditions mentioned in 4.1.

We draw the circle with center at the centroid (7 , y), and radius equal to"i, which

0.25d, <r, <0.75d,

meet the condition . The arithmetic continuation itself is then carried out by

drawing a series of circles L(r,) L e L(ri), L(r) about this point, and tolerance is 10 pixels.

Standard 3: As the radius increases, L(r) and Blob region contours must intersect at
the first point.
This point _is one of the possible concave points and should be stored in an array

{0, j)}, and [ . Jare horizontal and vertical coordinates. Then the next point will be found,

and the distance between previous point and this point is D; if D < 0.25d,

and this point is in-phase concave point and should be stored in an array{gl(i’j)}. With the
D > 0.25d
if s

, radiation continues

continuing radiation, , this point is heterogeneous concave point and should be

stored in heterogeneous concave point array{gz(i,’ jl)}, and I'. 1" are horizontal and vertical

coordinates. This method is repeated until the I‘(rﬂ)is radiated. Segmentation line may exist
between in-phase concave points and heterogeneous concave points.

Standard 4: Calculate the distance between each point in 19,6, 1)} ang{9:(", j')}, and
the lines can not exist between the in-phase concave points or the heterogeneous concave

points in the array, calculate and find the point satisfying D

points are the desirable concave points.

min in formula (6), and then the two

Dy = min{D(0), D) --- D(i)}
D(i) = D((9,(1, ). 9, (1", )
{{9.(, D}{9. (", )3} € s(contour)

(6)

s(contour) is Blob region contour in formula (6). Figure 6 shows the extracting process
of concave points.

4.3. Determine the Segmentation Line

Figure 6(a). Concave points extraction Figure 6(b). Concave points extraction

Figure 6(c). Concave points extraction Figure 6(d). Determining the segmentation line
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Lines will not exist between in-phase concave point and heterogeneous concave point
when we determine the segmentation lines. Then make a straight line between the two concave
points which we get to meet the following standards, and this straight line is the segmentation
line.

Standard 1: The middle pixel of the straight line connecting the two concave points must
be inside the target, in other words, all its pixels belong to Blob region. (Pixels outside the
region edge are not in consideration).

Standard 2: Subdomains satisfy the non-adhesions standard mentioned in 4.1 after
segmentation.

Thus, the adhering bars are segmented completely, and we can determine the
segmentation position and geometric information. The process of determining the segmentation

line ab is showed in Figure 6(d).

4.4, Set up Parameters
In the standards of adhesions test and concave points extraction, some parameters
need to be set up, thatisk, , K,,,,andk,,,- Generally, these parameters are obtained by a lot

of training. The parameters are finally determined through a lot of experiments, K, =0.93,
Kynrs =1.45, Kyr, = 1.87-

5. Segmentation Results and Analysis of Adhering Bars

For the video sequences obtained from bars production line, the first step is to extract
an image of adhering bars, the second step is to extract Blob concave points, the third step is to
segmentation the adhering bars. Computer can complete all process within 30ms for a frame
image, so it can satisfy the speed requirements of 25~30f/s. MATLAB program is used in this
paper.

Figure 8(a). Image of adhering bars (the 25th Figure 8(b). Segmentation result of adhering
frame) bars (the 25th frame)

Figure 9(a). Image of adhering bars (the 65th Figure 9(b). Segmentation result of adhering
frame) bars (the 65th frame)

Image Segmentation of Adhering Bars Based on Improved Concavity Points... (Guohua Liu)
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The bars segmentation result can be seen clearly in Figure 7, the adhering bars are
segmented completely. Figure 8 and Figure 9 show the two other adhering bars images and
their segmentation results. Table 2 shows the recognition time. The segmentation results show
that the algorithm we used can achieve desired segmentation.

Table 2. Recognition Time
Frame number 10 25 65
Processing time/ms 22 20 18

6. Conclusion

In view of the bar block adhesion problems on the production line, this paper proposes
a method based on improved Blob concave points analysis to detect and match the concave
points. We propose corresponding segmentation standard to achieve the automatic
segmentation of adhered bars. The experimental results show that the algorithm can find the
concave points and determine the segmentation lines accurately without over-segmentation.
The accuracy, real-time and robustness of the algorithm lay a solid foundation for automatic
tracking, counting and separating steel bars on high-speed production line.
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