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Abstract. In industrial, the modern intelligent degree of board counting is relatively low. Some
small manufacturers still count by hand, but for large factories, manual counting needs a lot of
human resources, and the accuracy of counting is low. With the rapid development of modern
intelligence, image recognition is becoming more mature, some traditional algorithms keep
emerging, such as Hough Transform, Fast Line Detector (FLD), Line Segment Detector (LSD)
and other line detection algorithms, they have their own advantages and disadvantages, and are
summarized and tested, compare which algorithm has higher accuracy and better effect in the
field of board linear detection and counting. Finally, the operation mechanism, advantages and
disadvantages are summarized, and the process and trend of the further optimization and
development of the traditional algorithm line detection technology in the future are prospected,
which provides some reference for the research in related fields.
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1. Introduction

In the field of industrial board counting, in the past, long time continuous observation by human eyes is
not only expensive, but also very low efficiency, and there are subjective differences [1]. With the rise of
artificial intelligence, the field of computer vision is constantly innovating, image recognition is more
and more accurate, a variety of algorithms have emerged, through the design of automatic image
recognition algorithm to solve the problem of human eye recognition. In the field of computer vision and
image analysis, straight line detection has always been a hot research issue [2]. As a relatively traditional
image recognition technology, it can be used as the basis for higher-level image feature analysis. In 2d,
compared with curves and points with features [3], straight lines contain more information, such as the
center point, slope, starting point, end point and angles of multiple straight lines. If it is a three
dimensions object, it can be photographed from different angles, and then the algorithm is used
for image recognition. If it is in the dark scene, such as the stratified wood boards are not
obvious enough, or the indoor Windows are more reflective, the extraction of image features is
relatively rare, and the effect will be relatively poor, you can solve the dark reflective problem
by turning on the lights, drawing the curtains and other ways. Linear detection is also widely
used in road detection [4-6], image analysis and matching [7-9], detection of vanishing points
[10-12], three dimensions graph reconstruction [13-15], remote sensing image analysis [16-
19]and other detection.
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Figure 1. Application for line detection

In this paper, the existing research progress of line detection is sorted out, and it is applied to the image
recognition of wooden panels. The main purpose is to make a comparative study of Hough Transform,
FLD and LSD line detection algorithms, so as to see which line detection algorithm can identify the
number of wooden panels more accurately and solve practical problems. Finally, the development and
application of traditional linear detection algorithm in various fields and industries are prospected, which
provides a reference for realizing accurate recognition, improving work efficiency and enhancing
intelligence level.

2. Hough transform line detection

At present, Hough Transform linear detection has been studied by universities, research institutes and
some domestic research institutes all over the world. Many scholars in mainland China are also
committed to this research. For example, Hofer [20] et al. from abroad first proposed the technology of
straight line detection, which can also be used to detect objects with regular shapes such as circles.
However, at this time, the technology of straight line detection is not mature enough. Problems such as
the inability to represent infinite slopes in computers still plague researchers. In this regard, Duda [21] et
al. made a new breakthrough in line detection technology by replacing rectangular coordinate system
with polar coordinate system, let, the slope of the perpendicular line is tan( 8) , the angle between the
original line and the X-axis is (90°+0) , then the slope is:

tan90° + 9 = —— = —<9 1)
tan 6 sin@
If any point on the straight line is (X, y), the slope is:
yor _ y—rsin6 2)
x—q x—1cos 6 (
According to eq (1) and (2):
r=xcos0 +ysinb 3)

r=x,c0s 0 +y,sind
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Figure 2. polar coordinate conversion process

After conversion, it can be seen that each point (x, y) in the image space corresponds to a sinusoidal
curve in the polar coordinate space (r,0), and corresponding to collinear points in image space (r,0) all

sinusoids in space intersect a point (r,6"), it solves the problem of too large value range and the problem
that the slope infinity cannot be expressed in the computer, that's the standard Hough transform.
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Figure 3. Hough Transform straight line detection

The figure above shows the application process of Hough Transform straight line detection in the actual
problem board counting. First, the picture is transformed into a grayscale image, and then the grayscale
image is processed with Gaussian. The results of gaussian processing are used to continue the Sobel
operator processing, and then the convolution operation for the Y direction is carried out separately.
Finally, Huogh Transform were used for detection and the image was drawn. The target recognition rate
was sixty percent. Because the layering between boards is not obvious enough and the arrangement is not
neat enough, the board of the upper layer will protrude and block the board of the next layer, resulting in
the dark light of some parts of the picture taken, affecting the detection. Hough Transform line detection
is a technology proposed earlier. It is quite remarkable that image recognition can reach the present level
under the interference of a variety of factors, which provides guidance for the development of line
detection technology in the future.

3. FLD line detection algorithm

FLD algorithm was first mentioned in the article straight line identification in urban outdoor environment,
the paper tried to use the straight line features to replace the original feature points to some construction
of outdoor scene recognition and detection, with some features of point and point, the characteristics of
the straight line has a more easily find the robustness. Some features of a straight line are largely
unaffected by changes in the external environment, such as light intensity, being obscured by other
objects, changing multiple perspectives, etc. The supervised strategy is: after the projection, samples
within the class should be aggregated together as much as possible, and samples between classes should
be separated as much as possible. The degree of aggregation and separation can be measured by the
Euclidean distance between the sample and the mean value, the solution method is a matrix composed of
feature vectors of the first k spectral radius of S;,1Sg. X is the sample matrix, W is the projection matrix,
y is the projected matrix,y=W7x is the projection process, dichotomies J (W) = degree of hashing
between classes / degree of in-class hash:

jowy = et @
Among:
;= — Yxew, ¥ = W (5)
57 = Sy — )7 = Tew W' (x — u) (x —u)"w ©)
According to eq (4) and (5) and (6):
Jwy = 2 ™
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According to the above simplification results:
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w is the matrix of eigenvectors of the first K spectral radius.
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Figure 4. FLD straight line detection

The figure above shows the application process of FLD straight line detection in board counting in
practical problems. First, the image is transformed into a gray scale image, then the convolution kernel is
set for open operation processing, and an FLD object is created. The FLD object is used to call DETECT
to execute detection results and return line data. As can be seen from the figure above, FLD's recognition
effect is much better than Hough's, and the target recognition rate is as high as eighty-five percent. FLD
is a line detection algorithm which has been improved greatly after Hough Transform, providing a new
idea for intelligent recognition and scientific counting, and opening a new door in the field of line
detection algorithm.

4. LSD line detection algorithm

LSD algorithm was proposed by Rafael Grompone et al in LSD: A Line Segment Dectctor. The time
complexity of LSD algorithm is much lower than that of Hough, which saves a lot of time and improves
efficiency. LSD algorithm is a local exploration and recognition of an image, calculate the set of pixels
of a straight line, and then verify the solution by assuming each parameter, and then combine the set of
pixels with the set of control errors, which can control the number of error detection adaptively.
Generally, when it is necessary to identify an image and detect a straight line, the most intuitive idea is
to identify and detect the collection of pixels in each part of the image with relatively large gradient
changes. LSD algorithm is to detect the straight line of the image through the information of the gradient
and the lines of the row and column. The purpose of LSD is to detect the part of the image where the
pixel value jumps relatively large, which is generally the straight contour area, which is also one reason
why we call it straight line segmentation. So gradients and row column lines are different, as shown here:

radient

Line

Figure 5. gradient and row column line
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LSD will be calculated each pixel point around the degree of the ranks of the line, to produce a procession
line area, in this region, each vector and a datum line tangent, so this area is divided into multiple parts
can be connected, and under certain conditions they would have the same point of view of the ranks of
the line. The connected area is called the line feasible region, as shown in the figure.
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Figure 6. line feasible region

The line feasible region is a candidate region for linear segmentation, which requires a rectangular
contour to correspond to it. The central axis of the feasible region of the line is used as a principal
orientation of the rectangle that covers the entire region. A point in a rectangular area where the line and
line angles and the principal axis angles are the same within a certain tolerance range is called a
homogeneous point. In general, the number of all pixels in the homogeneous point and rectangular area
will be calculated as an alternative area. LSD input must be a greyscale image, segmentation result set
after the output is linear, the design idea of it is an automatic, intelligent image recognition and detection
method, this method does not need to adjust the parameters, only need a few parameters can adjust the
final performance of the algorithm, the several parameters is written after careful consideration, so as to
adapt to a variety of actual situation. The following figure shows the process of LSD straight line
segmentation

Algorithm 1: LSD: Line Segment Detector
input: An image I.
output: A list out of rectangles.

1 [g + Scalelmage(], S,0 = E)

2 (LLA, |VIs|, OrderedListPixels ) +— Gradient(Ig)
USED, pixels with |[Vis| < p
NOT USED, otherwise

4 foreach pizel P € OrderedListPixels do

5 if Status(P) = NOT USED then

6 region +— RegionGrow (P, 7)
7
8
9

3 Status +— {

rect « Rectangle(region)

while AlignedPixelDensity(rect, 7) < D do
region + CutRegion(region)

rect +— Rectangle(region)

11 end

12 rect +— ImproveRectangle(rect)
13 nfa « NFA(rect)

14 if nfa < ¢ then

15 | Add rect = out

16 end

17 end

18 end

Figure 7. LSD straight line segmentation flow chart
At the beginning of LSD algorithm, the input grayscale image is changed to eighty percent of the original,
and the purpose of image reduction is to reduce the influence of the sawtooth in the image. Blur operation
can also reduce the influence of the sawtooth in the image, but some white noise may be wrongly detected,
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which requires open operation. The image is reduced by gaussian down sampling. Gradient calculation
can be expressed by the following formula:

fula,b) = -
__ p(a,b+1)+p(a+1,b+1)—p(a,b)—p(a+1,b)

fy(a,b) = > (11)
Here, p(a,b) is the pixel value of grayscale image, and the angle calculation formula of row and line is as
follows:

p(a+1,b)+p(a+1,b+1)-p(a,b)-p(a,b+1)

(10)

fx(a,b)
arctan(m) (12)
Gradient amplitude:
F(ab) = /f#(a,b) + f?(a,b) (13)

LSD straight line segmentation is directional, there is a gradient difference of 180 degrees from white to
black and from black to white, that is to say, the starting point and end point of LSD segmentation can
not be arbitrarily changed. LSD line segmentation generally starts from pixels with high gradient
amplitude, because the edges of pixels with high gradient amplitude are relatively strong, and the
quicksort algorithm requiresO (n log n) operations, and pseudo sorting can be realized in linear time. As
for the threshold value of the gradient, the region with little change of pixels, that is, the pixel with
gradient amplitude less than a certain value, will not be put into the line feasible region. For region
growth, select any unused point in the sorting as the test point. Region growth will create a line feasible
region. Unused region points will be updated.

opening

Figure 8. LSD straight line detection
The figure above shows the application process of LSD straight line detection in the actual problem board
counting. First, the image is converted to gray scale, a convolution kernel is set for open operation, an
LSD object is created, detect is used to execute detection results, and all the detected line data is returned,
and then the line is drawn on the original image. It can be seen from the figure above that LSD has a
much better recognition effect than Hough Transform and FLD, and the target recognition rate is as high
as ninety-nine percent, which can be said to be a perfect algorithm in the field of practical problem board
counting. Using only a pretreatment process of open operation and achieved the effect of better than
expected, save a lot of time, improves the accuracy of recognition, LSD is great after Hough Transform
and FLD ascension linear detection algorithm, its rapid and efficient characteristics favored by many
researchers, for the intelligent identification, counting science provides an efficient algorithm, The rise
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of the era of artificial intelligence. The following table shows the mechanism, advantages and
disadvantages of the three line detection algorithms.

Table 1. Cparison of line detection algorithms
Algorithm mechanism advantage shortcoming
Short line segment
cannot be detected,
Simple implementation, | breakpoint detection is
easy to understand, more not accurate enough,

Hough Transform Edge points are used

line detection to detect lines convenient and the dense edge
part is prone to
problems
Replace original Co_mpared with the In the case of external
_ _ SURF point features prewous_qlgorlthm, _the _environment
FLD line detection with straight line recognition effect is mterf_e_rence, the_

features better and the speed is recognition effect is

faster not particularly good

Based on local image

analysis, the pixel The line segments

_ _ point set is calculated, Fa}ster, more accurate |dent|f|ec_i in some
LSD line detection and the solution is identification and places are incoherent,
detection resulting in over-

verified by assuming

parameters segmentation

5. Existing problems

Although early years has a large number of researchers engaged in the research of various linear detection
algorithm, a variety of algorithm emerge in endlessly, the accuracy and effect of detection and recognition
method has significantly improved, reducing the cost of time, but these algorithms to solve practical
problems in real life there are still some shortcomings, mainly has the following several aspects.

1) When taking photos to collect experimental data, there will be serious reflection phenomenon if
there is glass in the room, which will affect the recognition and detection of the algorithm. If there is no
glass in the room and the light is dark, the collected data will appear that the layering between each board
is not obvious, affecting the detection of straight lines, you can turn on the lamp to increase the light to
solve the problem of low light. If the boards are placed too neatly, and each one is exactly the same color,
there will be no gap between the boards, and the algorithm will determine that there is no boundary,
resulting in false detection. Different shooting angles can also have an impact, as can shooting things
other than the detection target.

2) In a real large factory environment, there are high requirements on shooting materials, with strict
requirements on shooting angle, location, clarity, etc. The factory has a large space, and multiple sets of
data need to be shot, specific analysis of specific scenes will consume certain human resources.

3) So far, researchers have designed most of the straight line detection algorithm is suitable for
detection of specific environment or objects, each one has its own recognition principle, each have
advantages and disadvantages, in the face of complex practical problems, will not be able to flexibly
respond to various changes, intelligent remains to be improved, testing does not have universality.

6. Expectation

Straight line detection is widely used in computer vision, promote the development of the intelligent
identification, for industrial intelligent identification, detection plays a very important role in the
development of wisdom, in order to make the linear detection algorithm of identification is more
accurate, further optimized, in the near future linear detection algorithm can from the following several
aspects to explore and research.
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1) Ultra clear image data without interference. Ultra clear image data without interference is very
important to the recognition of line detection algorithm. Ultra clear image data without interference can
improve the accuracy of line detection algorithm recognition, so as to improve the final recognition effect.
It can develop more intelligent data acquisition technology of actual scene image, research and
manufacture equipment and instruments that can flexibly cope with external environmental interference,
so as to overcome problems such as reflection, shadow and interference of things unrelated to the
detection target.

2) Optimization and improvement of line detection algorithm. By integrating the ideas of various
algorithms and taking various factors into account, a better algorithm can be constructed, which can
flexibly cope with and better solve practical problems, and improve the timeliness of the application of
linear detection algorithm in real life.

With the development of artificial intelligence, computer vision is becoming more and more rapidly,
the development of the new algorithm emerge in endlessly, in the actual problem is becoming more and
more widely, the application of algorithm combined with the algorithm and optimization will be a new
direction of the development of the later, the researchers in the future, with the help of algorithm will be
more mature, will be more flexible to solve practical problems in real life, Will usher in a new era of
intelligence.
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