Retraction Notice

The Editor-in-Chief and the publisher have retracted this article, which was sub-
mitted as part of a guest-edited special section. An investigation uncovered
evidence of systematic manipulation of the publication process, including com-
promised peer review. The Editor and publisher no longer have confidence in the
results and conclusions of the article.

YY, HP, XZ, RZ, and XZ either did not respond directly or could not be reached.



Research on intelligent transportation and logistics
tracking of long billet based on machine vision

Haibo Peng,® Yaochun Yao,>* Xingan Zhu,”* R

and Xiaoyun Zi¢

#Kunming University of Science and Technology, Kunming,
®Baowu Group Zhongnan Iron & Steel Co. LTD, Guangzhg
“Kunming Iron & Steel Holding Co. LTD, Kunming,

Abstract We solve the problems in the iron and steel industry of ident
length, and position of billets in complex industrial environment;

machine vision algorithms, such as billet image segmentationf ba g pt1ma1 threshold
method and billet image post-processing based on morpholog h the existing
technologies that rely on various sensors to realize the automatl billets or the
physical marking of billets one by one to realize the bi i ¢ e proposed

here has a low one-time investment cost, especially fi s g of follow -up

marking, there is no consumption cost of consumables, 1.8.
lower the average marking cost of billets. Moreover,
the system failure probability is also lower. The ma
here achieve the goal of intelligent transportation a
investment cost, lower consumption of consumabl
SPIE and IS&T [DOI: 10.1117/1.JEL.31.6.062004]

of machine v1510n,
d solution proposed
g of long billets with lower
higher efficiency. © 2022

Keywords: billet; logistics tracking; ma
artificial intelligence.

Paper 220442SS received May 13, 2022;
Jul. 21, 2022.

egmentation; morphology;

ion Jul. 5, 2022; published online

1 Introduction

In the iron and steel ind
control and trace the pro
heating furnace is an import
and reduce the workload of manu ecially to realize the logistics tracking of high-
temperature red billet wi
automatic billet transpOrfa present, it can be realized by adding sensors such as weight,
length, and position; ilet logistics tracking, at present, the billet identity can be
identified through h bating code spraying and subsequent machine vision

e shortcomings of the existing methods, this paper studies and proposes to use
to realize the intelligent transportation and logistics tracking of billets and
lower investment cost, lower consumption of consumables, fewer failures,
o on. The core of this scheme is to apply an appropriate machine vision

achieve the go
higher efficiency, @
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algorithm to identify the number, length, and position of billets in complex industrial
environments.*

2 Methods

system on site to ensure the image quality of obtaining the billet §
one hand, it ensures that the image is within a reasonable image d on the other
hand, it ensures less image interference. In this paper, the me
proposed. First, the billet on the cooling bed is seg of connected
areas is obtained by morphological annotation metho ; nt numbers of
billet on the cooling bed.

2.1.1 Billet image segmentation method i reshold method

Because billet and background belong to typical bi i gmentation, the common
method is to divide the image gray into different le
mine the meaningful area or the boundary of the s
segmentation, if the threshold is too large,

% In the process of image
e image will be extracted.

When the brightness difference bet ; and the background object in the
image is relatively small, the bimodal eris bray histogram of the image observed
from the histogram are not obvio determine an appropriate threshold
directly using the histogram. Ther riminant analysis method can be used
for processing.

The principle of dete i hold by discriminant analysis is that after threshold
processing, the inter cla: i the separated pixel classes is the largest.
Discriminant analysis need -order matrix and first-order matrix of histo-

Assuming that the t be he image is N and the number of pixels with gray
value of i, the zero-org d first-order matrix of gray distribution with gray level of K

k
N
wk) =S M
2N

martrix 1s:

@

When K =L -1, o(L—1)=1; u(L — 1) = py, where py is the average gray value of
the image.

Set the M — 1 thresholds of the image as 0 < k; <k, <... <ky_; <L -1, divide the
image into M gray value classes C;, and
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CJE [k]_1+1,,kj]k0:0,kM:L,J: 1,2,3,,M (3)

Then the probability of occurrence of each type C; is:

w; = w(k;) =w(k;_y).

The corresponding average probability is:

where w(0) = 0, 4(0) = 0.
Therefore, it can be obtained that the inter class variance o

Gz(klakZa--wkM—l)ij(ﬂj_:“T ©)
Take the value 62 in Eq. (6) as the maximum thresho _1), and take it
as the best threshold group for M-valued. If it is divided into es, i.e. M is 2, the

threshold of binarization can be obtained.

For some cases of images, such as the contrast b
by uneven illumination, in this case, the ideal se
single threshold segmentation. In this case, the im. into sub regions, and the
local threshold can be set for each sub region, so as mentation effect. The best
segmentation threshold between billet and baeke ained through experimental
measurement, so as to realize the rough c n task of the billet image, and then carry
out secondary processing through morph

e background caused
annot be obtained using a

2.1.2 Billet image post-proce calculation based on
morphology

addition, as the backgrou d is also partially retained in the segmented
image.” Therefore, to achie iti ect, it is necessary to improve the morphology
of the segmented image.
Corrosion, expansion y
processing. Using the 3 of these four operations, various image processing can be

completed.®
Binary corrosion 1k the image. Corrosion means to detect an image with
eleme ca where the structural elements can be put down in

etB, which is recorded as A®Band defined as
A®B = {x|B + x C A}, (7

put rough segmented billet image and B is the structural element.A®B repre-
of all points x that will still be included A after translation B, i.e., when the set
obtained by B psion A is the set of B origin positions when it is completely contained in A. If
the origin is inside ctural element, the corroded image is a subset of the input image. If the
origin is outside the structural element, the corroded image cannot be inside the input image.

Expansion operation can be regarded as the dual operation of corrosion operation, which is
the operation of lengthening or thickening in binary image. This special way and coarsening
degree are controlled by structural elements. The set A inflated by B recorded as A & B, and
defined as

sents a co

Journal of Electronic Imaging 062004-3 Nov/Dec 2022 « Vol. 31(6)



Peng et al.: Research on intelligent transportation and logistics tracking of long billet based on machine vision

A®B={Z(B).nA#d}. ®)

where B is a structural element, which A @ B means that the B translation and intersection to A
are not empty relative to its own image about the origin, and the set is camposed of all z points
that meet the above conditions. The specific method of expansion is to © pond the origin of
the B to the point on the x and the surrounding points x one by one. If a point'on the B falls within
the range of x, the point is the point on the image.

The structure element B performs the opening operation on the set A econded as
A o B and defined as

A+ B=(A®B) @ B.

That is to say, the open operation B to A is B corrode A first an [ with B.
Another mathematical formula of open operation is

Ae B =U{(B)[(

where A e B =U {-} refers to the union of all sets in can be under-
stood as A o B referring to the union of B translations wi side A. The oper-
ation generally makes the contour of the object smooth, bre w discontinuity and
eliminates the thin protrusion.

Closed operation is the dual operation of open
closed operation on the set A, which is recorded

element B performs

an
i.e., the closed operation B to A is expansion orrode the result with B. The
closed operation also makes the contour lj but different from the open operation, it
usually eliminates narrow discontinuitie o eliminates small holes, and fills the

fracture of the contour line.

First, delete the small area accordi
larger than the incorrectly divided
the area threshold method, and t

ormula. Since the billet area is much
e area of all areas can be counted by

The above process is ¢ i ge is no longer transformed. After the image
label is completed, the whole imag through the label value cycle, and the number of
pixels under different n is alize the calculation of different area. When the
area is less than the t e area is deleted. In addition, the above Eq. (8) can be carried

ted calculation until the image is no longer transformed.
ount the number of areas larger than the threshold 7 as
t of steel moving machine is reached, push operation is

dentification before Rotation of the Turntable

rotates, first judge whether it reaches the specified position through machine
vision, in g the front and rear positions. Install the monitoring cameras at the corresponding
positions respegtiviely to obtain the position of the billet in real time. Since the position of the
picture taken by pera is relatively fixed and the relative position between it and the speci-
fied position remains Stable,’ set the mark positions A and B in the template image, as shown
in Fig. 1.

The specified position of the calibrated billet is specified in the figure, including two speci-
fied positions at the head and tail. It is required that the billet shall not exceed the front end and
rear end of the position. When it is just between the specified positions, it will start to rotate. At
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Y

E1

E2

Fig. 2 Definition of logical area.

this time, the image information of the billet is obtained i mera, and the seg-
mented and filled billet image S’ is obtained through the abo mentation and mor-
phological post-processing methods. Logic diagra

In the calibration diagram, the positions from t
tion to the image boundary need to be calibrated as
in Fig. 2. It is required that the sum of image pixel
that some billets in this area exceed the position. In
positions, the logical and operation is carried
marking diagram of the billet image:

f the calibration posi-
as shaded areas E'1 and E2
is zero, otherwise it means
iddle of the two standard
ntation output diagram and

At this time, the sum result of the tw
area is consistent with the specified

indicates that the billet length in this
be no vacant image pixels, otherwise

Two aspects of image processi eriments ‘are mainly completed: (1) after billet image
acquisition and preprocessi is used to realize the segmentation of billet
on subsequent recognition. (2) On the basis of
the length of the billet and identifying the front and rear
ends, the accurate pd is realized, which provides judgment signals for sub-

sequent operations s

t conveying and logistics tracking system of long small billet
includes: (1) billet discharging control unit, (2) conveying con-
strial video machine vision system, (4) intelligent billet discharging subsystem,
onveying subsystem, (6) Kanban display system, and (7) robot code spraying
system.

The (1) billet d arging control unit and (2) conveying control unit are the original caster
billet discharging and Toller table conveying with their own industrial control system, which just
carry out interface adaptation transformation.

The (3) industrial video machine vision system includes a plurality of industrial cameras
installed along the whole process, such as billet cooling bed, steel moving roller table, conveying
turntable, conveying roller table, etc., and a machine vision code spraying identification device in
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1 /7 / 2
Billet dlschargng control Robot code spraying Conveying control it
unit system
" 3
Intelligent billet Industrial video machine
discharging subsystem vision system
Kanban display system
Fig. 3 System structu
front of the heating furnace. The (3) industrial video machi ion system is mainly used to

identify the position, length and identity of cold billet
billet discharging subsystem and (5) intelligent ¢
respectively.'

The (4) intelligent billet discharging subsys

the (4) intelligent
the relevant results,

visual analysis signal of

(3) industrial video machine vision system and in i industrial control system
of the original caster: (1) billet discharging control un e lifting of baffle plate and
the movement of steel pusher, etc.

The (5) intelligent conveying subsystg i visual analysis signal of (3) industrial
video machine vision system, and interfaces wi ial control system of the original
roller conveying: (2) conveying control { e Dbillet roller conveying, etc.

The (6) Kanban display system 4 i ponsible for visualizing the whole process of

billet discharging and conveying id Oy (3) industrial video machine vision
system, (4) intelligent b111et disch and (5) intelligent conveying subsystem, and
providing the productio igital twin visual way to monitor the real-time oper-
ation of the system.

The (7) robot code sprayi i le for the unique identity code spraying of the
off-line billet.

long and small billets L
steel pushing, B supp
tation tracking and E
and B supplement b el pushing, we can refer Fig. 6 for the E identification

n are shown in Fig. 4, including: A inspection of
ore steel pushing, C off-line code spraying, D transpor-

4 bed has met the steel pushing conditions.
efabefore steel pushing. According to the quantity of billets missing
d distribution of billets at the lifting baffle on all flow channels,
] number of billets to be replenished and the starting point of steel pushing
of the p For the flow of billets to be replenished, issue the instruction to open the
e billet enters the discharge roller table through the lifting baffle. After all billets
leave the 11ft1ng g area, close the lifting baffle, and then send a moving command to the
pusher.
The C off-line code spraying. When the billet needs off-line inspection due to quality prob-
lems or other reasons, the heating furnace cannot heat the billet and needs off-line stacking, the
code spraying robot installed at the off-line of the cooling bed is responsible for the unique

identity code spraying of the off-line billet.!
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Check whether the quantity of billets in each stack position of the
billet cooling bed has met the steel pushing conditions.

I

According to the quantity of billets missing in each stack p
and the distribution of billets at the lifting baffle on all flow chanf
calculate the flow number of billets to be replenished an
starting point of steel pushing of the pusher, and then send
command to the pusher.

the cooling bed is responsible for the unique id
of the off-line billet.

Relying on the machine vision of instal
along the conveying roller table, the

number spraying for

Identify and confirm the identi
furnace. The hot delivery vi

The D transportation
cameras along the conveyin
veying roller table and carri ique virtual'number spraying for each hot delivered billet
(only the off-line billet need

The E furnace frop
entering the furnace.
cation and confirmat

y and confirm the identity of each billet before
virtual number spraying billet realizes identity identifi-
online whole process industrial camera machine vision
or cold delivery depends on the machine vision of the
of the heating furnace to realize the identification and

he existing implementation methods, this paper proposed machine vision to
ansportation and logistics tracking of billet. The engineering practice

The research results presented in this paper are compared with the existing technologies that rely
on various sensors to realize automatic billet transportation or solid marking one by one billet to
realize billet logistics tracking. The one-time investment cost of the scheme proposed in this
study is low, especially for billet logistics tracking of subsequent production control and quality
tracking. Because the hot delivery billet only carries out virtual marking, i.e., the higher the hot
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Quantity of billet missing Starting point position of
in each stack steel pusher

Calculate the flow that needs to
be replenished
T
Command to open
the lifting baffle
)
The billet enters the discharge
roller table through the lifting
baffle
l @

All billets shall leave the lifting
baffle area

l

Close the lifting baffle

Issue movel comman
v
Pusher
Fig. 5 Process diagram ing bi
Cold delivery of
casting billet actual sprayed billet
: Machine vision in
Online t‘:alzzcl,cinpr front of heating
€ furnace

Identification
confirmation

relationship diagram before the heating furnace.

delivery lower the average marking cost of billet, Moreover, due to the non-contact of
machine visi system failure probability is lower.

ch will focus on the following aspects: (1) implement the billet image
segmentation method*based on the deep learning model to further improve the segmentation
effect and performance of the billet, and overcome the accurate positioning of the billet under
the moving background and interference. (2) Research the front and rear positioning algorithm in
the dynamic process of billet to realize the pre perception effect of the controller and actuator, so
as to improve the efficiency of the system. (3) Due to the influence of natural light or fill light
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during operation, the influence of light on billet segmentation and recognition needs to be further
studied and improved.
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