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Abstract. In the process of hot dip galvanization. An improved multiple linear regression model 

is established to predict the welding seam position of strip steel when two continuous strip steels 

pass through the air knife. Firstly, a multiple linear regression model is established according to 

the production parameters of hot dip galvanizing process. Secondly, the least square method is 

used to improve the multiple linear regression model. Finally, in order to verify the effectiveness 

of the method, the model is simulated by SPSS software, and the experimental result show that 

the method achieves the purpose of quantification. 
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1. Introduction 

1.1. Hot Dip Galvanizing Process 

Strip steel is one of the main products in our life. It can be used as a raw material for many industries, 

for example, automobile, home appliances, shipbuilding and aeronautics industry [1]. But the strip steel 
often needs to be coated with a layer of zinc, for preventing the plate surface corrosion. 

At present, the most of the world’s steel enterprises have to adopt a continuous hot dip galvanizing 

process for surface of galvanized strips [2].  

1.1.1. Galvanizing Technology. There are a lot of galvanizing methods. For example, Electro galvanized 

which belong to cold galvanizing method. But now, the hot-dip galvanizing method is used widely as a 

more mature method. Hot dip galvanizing is a kind of galvanizing method using metal corrosion, which 

is mainly used in the galvanizing production of industrial steel. This technology immerses the steel 
strip into the liquid zinc at 500℃ and the zinc layer is attached to the surface of the steel strip to achieve 

the purpose of anti-corrosion. 

1.1.2. Continuous Annealing Process Technology. Continuous annealing process technology is the most 
important step of hot-dip galvanizing, the strip steel enters into annealing furnace for heating after 

pretreatment [3]. In the annealing furnace, the strip steel passes preheating zone, heating zone and 

soaking zone. The preheating zone is used to heat the strip steel step by step, which prevent the strip 
steel deformation caused by the rapid rise of strip steel temperature; The heating zone is to heat the strip 

steel to the specified temperature at high temperature; The soaking zone is the buffer zone between the 

heating zone and the zinc pot, which makes the strip steel have better shape and more uniform 
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temperature before entering the zinc pot, and improves the quality of zinc plating. After heating, the 

strip steel enters the zinc pot through the furnace nose. The technological process is shown as figure 1 

[4]. 

 

Figure 1. The technological process of continuous annealing. 

1.2. Effect of Welding Seam on the Air Knife 
In the process of galvanizing, the position of the air knife is located on the export of the zinc pot. The 

main function is to scrape off the liquid zinc on the surface of strip steel, which ensure the uniform and 

smooth surface of strip steel, and control the thickness of zinc layer [5, 6]. 

1.2.1. The Work Principle of Air Knife. The air knife body is composed of a pair of cylinder blocks, 
which are respectively located on both sides of the strip steel, the structure is shown as figure 2. The 

reason why the air knife can scrape off the liquid zinc on the surface of the strip steel and control the 

thickness of the zinc layer accurately is that the air knife passes the gas through the gap of the cylinder 
block to form a knife shaped airflow, which makes the liquid zinc smooth. 

1.2.2. Effect of Weld Passing Through Air Knife. A pair of movable baffles are designed to fix the 

position of the strip steel in order to prevent the strip steel from skewing and bumping when the air knife 

is working. When the welding seam passes through the baffle, it is easy to scrape off the baffle because 
the weld is crescent shaped. If the baffle falls into the zinc pot, the loss is great.  The process is shown 

as figure 3. 

 

 

The baffle of air knife

Welding-seam

The baffle of air knife

Steel Strip

Steel Strip

 

Figure 2. The structure of the air knife.  Figure 3. The process of the welding seam passes 

through the baffle of air knife. 

2. The Traditional Welding Seam Detection 

Therefore, the welding seam tracking process is very important for hot-dip galvanizing. But, because of 
the high temperature in the vicinity of the zinc pot, it cannot install detection equipment, how to 

accurately detect welding seam reach the air knife, it is unable to realize. So, the traditional welding 

seam detection adopt early prediction or roller speed calculation method to control the air knife. 
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2.1. Pre Prediction Method 

2.1.1. The Method of Pre Predicted. The pre prediction method does not consider the elongation of the 

strip after heating in the annealing furnace, calculates the position of the welding seam according to the 
original length of the strip steel, opens the baffle in advance, and closes the air knife when the weld 

completely passes through the air knife.  

2.1.2. The Disadvantage of Pre Predicted. Although air knife baffle can’t be scratched by welding 
seams for prediction in advance, the tailgate opening will cause the strip steel shaking, so the effect of 

air knife scraping the zinc layer is not good. Therefore, by using the method of pre prediction, the yield 

of high-quality strip is low and the loss of strip steel is large. In general, for iron and steel enterprises, 

air knife with welding seams should be opened in ±5 meters, so that the rate of strip steel waste is less.  

2.2. Calculation with Roller Speed 

2.2.1. The Method of Calculation with Roller Speed. Due to the waste of strip steel uncoiling in advance, 

so far, most enterprises choose to use roll speed to calculate. References [7, 8] used the method is that 
relies on moving forward of many rollers rotating in the process of moving strip steel. At the entrance 

of the annealing furnace, there is a velocity measuring roller 3BR. At the exit of the furnace, there is a 

velocity measuring roller 5BR. So according to roller speed differential of two points, the elongation of 
strip steel can be calculated. 

2.2.2. The Disadvantage of Calculation with Roller Speed Differential. The disadvantage of calculation 

with roller speed differential is relatively simple [9, 10]. Because of the roller speed is affected by 

working speed, the roller slip often occurs between strip steel and the rollers. Once the roller slips, the 
speed of the roller will produce mistakes, which makes the calculation results inaccurate. 

3.  Multiple Linear Regression 

Multiple linear regression is a statistical method. It is often used in big data samples to predict the 
relationship between dependent variables and multiple independent variables [11]. 

3.1. The Model of Multiple Linear Regression 
In general, the multiple linear regression model is as follows: 

                        , ）（ ni ,3,2,1 =                          (1)                                                                    

where ),2,1 niyi =（ are predicted values of the independent variables; ipx are 

known values of independent variables; P are the number of independent variables; 
ip

are the regression coefficient; 0 are intercept;  i are the random value. 

In order to write convenient, we use the matrix form as: 
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The multiple linear regression model can be expressed as: 
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3.2. The Multivariate Linear Regression Model Is Improved by Least Square Method  

In order to minimize the actual value and the measured value, the least square method is used to solve 

the optimal value problem. The least squares method is used to search the p ,, 10  estimate 

p ˆ,ˆ,ˆ
10   to minimize the sum of squares of the deviations as follows:  
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−−−−=
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11010 )(ˆˆˆ  ，，，                                       (5) 

The partial derivative can be obtained by the following equation:  

















=−−−−−=




=−−−−−=




=−−−−−=










=
=

=
=

=
=

n

i

ipippioi

p

n

i

iippioi

n

i

ippioi

xxxy
Q

xxxy
Q

xxy
Q

pp
1

11ˆ

1

111ˆ

1

1

11ˆ

0

0)ˆˆˆ(2|
ˆ

0)ˆˆˆ(2|
ˆ

0)ˆˆˆ(2|
ˆ

11

00

















                                    (6) 

It converts to the normal equations as follows: 
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The above equations is expressed by matrix as follows: 

YXXX TT =̂                                                                                  (8) 

Using the least square method, ̂  can be expressed as follows: 

1ˆ )T TX X X Y −=（                                                                            (9) 

Thus, the regression coefficient of multiple linear regression is calculated, and the linear regression 

equation is written as follows: 
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So, we can get: 


=

−=
n

k

jikjkiij xxnxxl
1

                                                    (16) 

TT xxnCCL −=                                                          (17) 















+
=













=

T

T

TT

T

T

xxnLxn

xnn

CCEC

CEn
xx                                         (18) 


=

•−=
n

k

iikiiy yxnyxl
1

                                                    (19) 















+
=













=

xynL

yn

YC

YE
Yx

xy
T

T

T
                                                  (20) 

where  ( )
pnijxC


= ,

1
1

1

1

1























=

n

E . 

Using matrix inverse formula, we can get: 
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So, the n ，，， 10  least squares estimate are: 
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3.3. Application of Improved Multivariate Linear Regression on the Welding Seam Tracking 
The model is applied to practical engineering, will receive that 

                                           ）（ nixxxxxy ,3,2,155443322110 =++++++=                                  (24) 

where y  is the deviation of welding seam tracking; 0  is the data of measured deviation; ii x  is 

influence factor for the steel strip. The speed of selected roller are speed of 2BR, 3BR, 4BR, 5BR and 

6BR roller. 

4. Simulation 

4.1. Data Selection 
The simulation data chose the information of 150 rollers of the steel strip, which included steel strip 
volume number, prediction error, measurement error and rollers speed. The actual measurement error is 

shown as figure 4. 

app:ds:influence
app:ds:factor
app:ds:roller
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Figure 4. The actual measurement error of 
welding seam deviation. 

Figure 5. The actual measurement error of welding 
seam deviation comparing with the predicted value. 

The comparison between the prediction results and measured results is shown as figure 5. By 

comparison, the error range of the prediction results which obtained by the improved multiple linear 
regression model is smaller than that calculated by the roller speed. 

4.2. SPSS Simulation 

It used the SPSS to simulate the improved multiple linear regression model. The 543210 ,,,,,   

value of the Eq24 were obtained through the simulation computation. Simulation results are shown in 

table 1. 

Table 1. The result of SPSS simulation. 

Model 
Unstandardized coefficients Standardized coefficients 

t Sig. 
B standard error version 

1 

constant .679 .280  2.428 .016 

B0 1.210 .027 .956 44.128 .000 
2BR .099 .140 .838 .706 .481 

3BR -.143 .192 -1.222 -.748 .455 

4BR .305 .208 2.617 1.467 .144 
5BR -.408 .172 -3.509 -2.370 .019 

6BR .142 .130 1.226 1.091 .277 

2 

constant .700 .278  2.521 .013 

B0 1.209 .027 .955 44.221 .000 
3BR -.045 .132 -.387 -.344 .731 

4BR .310 .208 2.656 1.492 .138 

5BR -.410 .172 -3.526 -2.386 .018 
6BR .140 .130 1.208 1.077 .283 

3 

constant .694 .276  2.511 .013 

B0 1.211 .027 .956 45.057 .000 

4BR .257 .139 2.201 1.850 .066 
5BR -.399 .168 -3.435 -2.370 .019 

6BR .137 .129 1.184 1.060 .291 

4 

constant .689 .276  2.495 .014 

B0 1.211 .027 .956 45.027 .000 
4BR .288 .136 2.468 2.121 .036 

5BR -.293 .135 -2.518 -2.164 .032 

So, the multiple linear regression model in the strip steel welding seam tracking is:  

-20

-15

-10

-5

0

5

The measured value of welding seam deviation

-20

-15

-10

-5

0

5

The measured value of welding seam deviation

The predicted value of velding seam deviation
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54321 226.1509.3617.2222.1838.0956.0 xxxxxy +−+−+=  

The data correlation simulation figure is shown as figure 6, it shows that the data curve tends to 

basically linear. So, data correlation is very well. 

 

Figure 6. The Standardized regression residuals of the standard P-P figure. 

5. Conclusion 

In this paper, the least square method is used to improve the multiple linear regression model, and the 
model is applied to solve the problem of seam tracking in hot-dip galvanizing process. After the model 

is established, SPSS software is used for simulation calculation, and the relevant parameters are 

obtained. 
Finally, the prediction results of the model are compared with those of the traditional prediction 

methods. The experimental results show that the model has better prediction effect than the traditional 

prediction method. Therefore, this method has a certain engineering application value. 
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