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Abstract :To improved the prediction accuracy of the flow stress, a hybrid model based on the Hybrid Least 
Squares Support Vector Machine (HLS-SVM) and Mathematical Models (MM) was proposed. In HLS-SVM 
model, the optimal parameters of LS-SVM were obtained by self-adaptive Particle Swarm Optimization 
(PSO)based on Simulated Annealing (SA). Simulation experiment results revealed that this model could 
correctly recur to the flow stress in the sample data and accurately predict the non-sample data. The efficiency 
and accuracy of the predicted flow stress achiieved by the proposed model were better than the methods used 
in most literature. 
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1 Introduction 

In the steel industry , establishing a reasonable order 

of rolling is the key to high-quality products, and the rule 

to determine the different flow strees of metal under the 

conditions of deformation resistance is necessary to 

develope a reasonable order of rolling. For the certain 

metal flow stress, the early studies [1-3] mainly focused 

on the improvement and optimization of the 

mathematical model, but in metal's thermal stress process, 

there are many factors that affect the flow stress. These 

effects are extremely complex, most are non-linear, and 

therefore, by using mathematical models to predict the 

flow stress are less precise, the application is restricted. 

Later, the artificial intelligence methods of large-scale 

parallel computing and strong non-linear data simulation 

capabilities, are widely used in the prediction of the flow 

stress, to a large extent increased the accuracy and 

efficiency of the flow stress prediction. In the prediction 

of the flow stress, the most widely method is Back 

Propagation (BP) network [4-5], however, a BP network 

is also easy to fall into local maximum point, the slow 

convergence rate and the presence of overfitting 

phenomena such as the defects can not be ignored. 

In recent years, Support Vector Machines attracted 

widespread attention and made a lot of results. However, 

the SVM in the area of the flow stress prediction is a 

relatively new technology. The main purpose of this 

study is to verify the feasibility and effectiveness of the 

hybrid model in the prediction of the flow stress and 

attempt to practice the method. 

2.  Problem Description 

The prediction of flow stress can be described as : a 

variety of conditions known to the stress rate, stress 

degree and stress temperature, to establish a model to 

predict the flow stress . In the study, first of all, through 

the thermal simulation experiment to obtain a variety of 

flow stress under the conditions of deformation 

resistance; and then to these data, the establishment of 

prediction model, using known data to validate the 

model's feasibility and effectiveness. Typically, the 

thermal simulation test results as the actual value, and the 

prediction model built to predict the results as the 

predicted value.  

In this study, to choose the Root Mean Square 

Error (RMSE) between the actual value and predictive 

value of the flow stress as an evaluation function: 
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In which : yi is the actual value , f(xi ) is predictive 

value, n is the number of samples.  

The smaller the RMSE is, the prediction performance 

of the builed model is better, the accuracy is higher. 

Therefore, the establishment of predictive model is 

designed to minimize the deviation between the actual 

value and the predicted value and improve the model's 

generalization performance. 

3. Method Description  

3. 1  the Hybrid Least Squares Support Vector 
Machine (HLS-SVM) 

1999, Suykens and Vandewalle proposed the Least 

Square Support Vector Machines (LS-SVM) method. 
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Given training data set is the input data, yiis 

the output data. The function estimation problem in w 

space can be described as solving the following problem: 
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in which :  is the error variable, r is the ultra-

adjustable parameters.The optimization problem can be 

transformed into the following linear equation: 

ie



























  ya

b

r

T 0

11

10
1

                                  (3)  

In which:  

    
),(),,()()(,

,,,1,,11,,, 11

jijii
T

iij

T
n

TT
ni

xxKxxKxx

ayyy







  
 

is the Kernel function. 

The estimatation of  LS-SVM can be expressed as: 
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because of its good performance, to be used as the kernel 

function of LS-SVM. the optimal parameters of 
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were obtained by self-adaptive Particle Swarm 

Optimization (PSO)based on Simulated Annealing (SA). 

Particle Swarm Optimization(PSO) is a population-

based optimization techniques. At present, most widely 

used model is by the Shi and Eberhart in 1999, the global 

optimization model: 

);(

)(

2

1

idbest

idbestidid

XGrandC

XPRandCVWV




          (5) 

.ididid VXX                                   (6)   

in which:  vidis the speed of particles i,  Xid is the 

position of particles i, w is Inertia weight, C1 and C2 are 

the acceleration constants, Rand and rand are the random 

function changed in the scope of [0,1] , Pbest is the best 

location of particles experience . 

Adaptive function is the performance evaluation of 

particle standards. Flow stress prediction model objective 

is to minimize the deviation between the actual value and 

the predicted value. Therefore, you can choose (1) as a 

type of adaptive function. 

Inertia weight is the impact of optimizing the 

performance of POS as an important factor. In this paper, 

the inertia weight is set  based on the objective function 

of particles. Adaptive weighted factor, described as 

follows: 
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in which: wmax is the initial weight, wmin is the final 

weight, f is the current objective function of particles, favg 

and fmin, respectively, the objective function for all 

particles of average and minimum values. 

Simulated annealing algorithm is a heuristic algorithm 

to solve the combinatorial optimization problem, which, 

through repetition of an initial solution for local 

improvements, and to accept the almost certain 

probability to avoid falling into local optimum, thus get a 

better solution. 
In the operation of PSO projects, the simulated annealing 
algorithm is used to deal with 

particles. )()( bestbest GfPf  , if 0 ,and 

accept bestbest PG   at the probability 1; if 0 ,and 

accept bestbest PG   at the probability prob, 

).exp( tempprob                           (8) 

Where, Pbest is the best location of the first particle, Gbest 

is the best location of all particles in Stocks , temp is the 

present tempture. 

In this paper,using the adaptive PSO algorithm based 

on the simulated annealing strategy to automatically 

select the LS-SVM parameters.The adaptive PSO 

algorithm based on the annealing strategy uses adaptive 

inertia weighted PSO factor to balance the global search 

and local search capabilities, uses simulated annealing 

algorithm to improve PSO's ability to escape from local 

optimum. Algorithm processes as follows: 

 

Start 

the first step: setting parameters 

initialized stocks size, maximum algebra, precision, 

； 

Current algebra 
21minmax ,,, CCWW

0G ;  

the second step: the calculation and prediction  

candomly generated for each particle location and initial 

velocity;  

input the training sample set and test sample sets;  

LS-SVM model for learning and prediction;  

calculated for each particle's adaptation;  

initialized for  based on the smallest adaptive bestG
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particle in stocks; initialized for based on the 

location of each particle current algebra does not meet 

the set algebra of the largest model accuracy or precision 

does not meet requirements{G=G+1; With (5) and (6) 

produce the next generation of stocks; LS_SVM model 

learning and prediction; Calculated for each particle's 

adaptation; For each particle to the simulated annealing 

strategy; By comparing to find new  and 

;}The third step: the output Save the model 

parameters, validate the promotion of capacity; End 

bestP

bestG

bestP

3. 2 The Support vector machine hybrid model 

The traditional flow stress models are actually the 

theory - experiment model, they only considered the 

degree, the rate and the temperatureof deformation and 

other major factor. Therefore, the use of Mathematical 

Models(MM) to predict the flow stress of the lower 

precision, and the limited scope of application. 

Hybrid LS-SVM(HLS-SVM) considered apart from 

the above major factors, also considered the chemical 

composition and other factors, use it to correct the 

deviation of flow stress. MM reflects the main directions 

of flow stress,which can be used to predict the main 

value of the flow stress. SupportVector Machine hybrid 

preditive model can be described as follows: 

SVMHLSMM D   .                                                (9) 

Where: MM  for the calculated values of the flow 

stress’s mathematical model; DHLS-SVM for the HLS-SVM 

output, it is the deviation between the actual value and 

mathematical models.  

The equation of the mathematical model used to 

predict flow stress can be chosed as follows: 
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In which:T=(t+273)/1 000, the unit of K, 0 -based 

flow stress, units of MPa, that is, the flow stress when 

t=1000oC, , 1
00 10,4.0  s 

1 ~ 6  are the 

regression coefficient. 

4. Test and results 

The Gleeble-1500 thermal simulation test machine is 

used to test 45# steel.  The Pattern size is .158 mmmm   

The chemical composition of steel 45# shows as Table 1, 

the flow conditions as shown in table 2.  

In the thermal simulation experiments, for each sample 

tested, obtained flow stress, and stored them in the 

Table 1 The chemical composition of steel 45# 

C                              Si                                  Mn                                         P                                    S                                      Cr                                 Ni 
0.480                   0.190                             0.610                                     0.023                            0.019                                   0.100                   0.010 

Table 2 The flow conditions of thermal simulation test 

t/oC (flow tempture)                              750                                800                               850                            900                     950                             1000         

 /s-1 (flow velocity)                           0.5                                   1                             5                                    10                        15                              20 

 (flow degree)                                                                                              0.05~0.6 

sample database as sample datas. From the sample 

database to extract datas, in accordance with the 

measured values of flow stress model and mathematical 

calculations of the absolute relative error of x to calculate 

the standard deviation of all samples  , if a data exists  

 x 3x , is that the data errors, to delete . 

Ultimately, 180 sets of data patterns are selected, they 

were randomly divided into two subsets: training subset, 

test subset, of which 70 sets of data as a training sample 

used to train the network, 110 sets of data as the test 

samples used to test the network generalization 

performance.  

  Before the application of HSNM-MM,  standardization 

of data is very important. Each attribute of the datas can 

be standardized by by following formula:  


)( 

 i
i

x
x                                                    (11) 

Where: xi is the input parameter,   is the average value 

of input parameters, ρ is the standard deviation of the 

input1 parameters.  

    The inputs of Hybrid LS-SVM were determined by 

considering mathematical models and thermal simulation 

experiments . Inputs were C, Si, Mn, P, S, Cr and Ni 

content, flow degree, flow rate and flow temperature, the 

outputs were flow stress’s value. 

During the study process, through a number of 

simulation experiments, l the parameters of the model are 

choiced as follows: stocks size 50, the largest Algebra 

200, Wmax = 1.2, Wmin = 0.4, C1 = 2.0, C2 = 2.0, each 

initialized particle is parameters set of LS -SVM. through 

352

Proceedings of 14th Youth Conference on Communication

978-1-935068-01-3 © 2009 SciRes.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

20 times simulation experiments, LS-SVM parameters 

were identified, when 26.113,8028.0  r , the model 

had the best generalization performance. And with the 

increase in the number of iteration, the optimized effect 

was getting better and better.the actual number of 

iterations should be determined based on the specific 

accuracy requirements and the time requirements. 

For evaluating the model’s performance, we 

compare the HLS-SVM with support vector machine 

model and mathematical model. As shown in Table 3.  

 
Table 3 Comparisons of various algorithms 

 

From Table 3 ,we can see that RMSE value of HLS-

SVM is smaller than other methods, indicating the 

precision and fitting to the actual value achieved from 

HLS-SVM are better than other methods. By comparing 

HLS-SVM and LS-SVM ,we can find HLS-SVM’s 

performance are better than LS-SVM’s. This shows that 

the mathematical model for the prediction of flow stress 

is also essential. However, only the mathematical model 

prediction result was not satisfactory, indicating the 

smart way to improve the prediction accuracy the flow 

stress is a very effective combination of two methods . 

As the training sample does not contain the test 

samples, the prediction results are universal ,that is, 

HLS-SVM has good generalization performance. By 

the above analysis we can see that HLS-SVM is a 

feasible and promising technology in the area of flow 

stress prediction. 

5.  Conclusion 

In this paper, A new prediction method to predict flow  

stress based on HLS-SVM and mathematical models was 

proposed. The experiments’s results show that the model 

prediction accuracy and generalization performance are 

achieved remarkable improved. This method is the 

introduction of POS algorithm, so that the network is 

automatically selected parameters, to avoid human 

interference, enhance network performance prediction. 
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Datas                                         HLS-SVM                                                              LS-SVM                                                                      MM 
                                             AveR              BestR                                       AveR                 BestR         
Relative  RMSE                 3.0297               2.8931                                    4.5416                 3.8240                                                       7.9860 
 Error 01.0                  43.37%              44.64%                                 19.82%                 25.33%                                                       13.93% 

 Rate 05.001.0              49.84%              51.91%                                  59.38%               61.52%                                                      36.32% 

    10.005.0                 6.79%               3.45%                                    12.46%              10.67%                                                       38.96% 

10.0              0                          0                                         8.34%                 2.78%                                                       10.79% 
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