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Abstract. According to the set temperature, the parameter self-tuning fuzzy PID control algorithm is 

used furnace temperature automatic control and fuzzy PID control process to make use of the 

MATLAB simulation. Simulation results show that compared with conventional PID control, the 

parameter self-tuning fuzzy PID control algorithm improves the system response, shorten the 

adjusting time, enhances the disruptive, demonstrate the superiority of the fuzzy PID. 

Introduction 

With conventional PID controller can realize the system structure is simple, easy to implement, 

robust, etc, but in the process of the practical work of interference, the influence of nonlinear factors, 

such as the furnace temperature control system with pure lag, nonlinear and parameter time-varying 

characteristics, its control effect is poor and use the fuzzy PID controller to control the furnace 

temperature[1-3], it can improve the response speed, eliminate the steady-state error, and a 

satisfactory control of complex system, so as to achieve control requirements and fuzzy PID control 

algorithm to automatic control of liquid flow, reduced small overshoot, the system shortens the time 

of adjustment to keep fertilizer rate more effectively in a given range[4] [5]. In the variable frequency 

speed control using fuzzy PID control algorithm is greatly accelerated the response speed of system, 

using inverter control of PLC analog output control belt motor speed, so as to achieve the goal of 

controlling material flow[6] [7]. A fuzzy PID parameters self-tuning system used in furnace 

temperature control, through experiment and simulation is superior to the conventional PID control of 

furnace temperature results are obtained. 

The transfer function of controlled object 

Controlled object is electric furnace, its structure is shown in figure 1: 

 
Figure 1 Electric furnace section 

According to the thermal knowledge, the dynamic equation of electric furnace is for 
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The meaning of the parameter is (1). M - Heating wire quality. C - Specific heat; T1 - current 

temperature; T0 - equilibrium temperature; H - conduction coefficient;  A - heat transfer area; Qi - the 

current temperature. 
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Due to Qi and the ratio of the square of the applied voltage, so the Qi and a nonlinear relationship 

with u can be in balance (Q0, u0) linearization near get. 
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According to (1) and (2) electric furnace can be obtained incremental differential equation 
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The meaning of the parameter in (3) 

T - time constant; 

HA
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K - conduction coefficient; 

HA
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The (3) after the Laplace transform to get  
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Electric furnace are obtained by (6), under the condition of zero initial transfer function for 
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Parameters self-tuning fuzzy PID temperature control system design 

The conventional fuzzy controller structure diagram as shown in figure 2.Input real value to the 

system, first ofall by fuzzy processing and output aqualified semantic fuzzy membership degree of 

the set (total between 0, 1), for each fuzzy rules, the degree of each part to be fulfilled in the premise, 

then these approved by membershipdegree of fuzzy output to the output fuzzy operator to deal with a 

single real value, this value estimate says theprerequisite for the rule of the output.  The fuzzy rules 

are represented as "if... then..."Conditional statements, itsessence is expressed as the premise of 

changes in multiple conditions produce a decision results by reasoning. Finally once for each rule 

specifies theappropriate rights, it implements the implication, the input of the process of fuzzy 

implication is the premise of a given rule of a single value, while the output is a fuzzy set, the fuzzy 

set by the clustering to form a single fuzzy set. The fuzzy set of fuzzy by processing final output a true 

value. 

Parameter adaptive fuzzy PID controller design idea is: first, find out the three PID control 

parameters and the system error e and the deviation rate of ec fuzzy relation, and then with the help of 

fuzzy control method, three parameters of PID controller online modification, the experiment in order 

to achieve the purpose, its structure is shown in figure 3. 
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Figure2 The structure of fuzzy controller           Figure3 Parameter adaptive fuzzy PID controller 

Digital PID control algorithm 

The PID control law for 
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Type of e (t) - deviation control system; ut - the output of the PID controller; KP - ratio; 

TI - the integral time constant;  TD - differential time constant.  To discretization (8), we can get  
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Type of  T - sampling period；K - sampling sequence number. 

Variable selection and Optimization 

In practice, because the stand or fall of quantization factor and scaling factor on the system has a 

great relationship, so their choice is a very critical problem. Fuzzy controller input for e and de/dt, 

parameters for KP, KD, and alpha and input is accurate quantity, so must first carries on the fuzzy 

processing. Quantitative factors of input e and de/dt is K1 and K2, respectively, and the parameters 

KP’, KD’ and alpha 'corresponding control quantity is K3 respectively, and the scaling factor K4 and 

K5.Theory of fuzzy controller of two input domain is 0 ~ 1, fuzzy subsets are NB, NM, NS, ZO, PS, 

PM and PB, parameters KP’, KD’ theory of domain is 0 ~ 1, fuzzy subsets of S and B, the theory of 

domain is 2,3,4,5. In addition to the alpha using a single point of membership functions, the rest adopt 

symmetric triangular function. 

The fuzzy control rule base design 

Fuzzy controller with two input output model, according to the PID parameters influence on 

furnace temperature and the principle of parameter setting, can be concluded that in view of the KP, 

KI, KD respectively setting control rules table, using the fuzzy rule statements in the form of "if e is A 

and ec is B, then KP ‘ is C and KD’ is D and α is E.", among them A, B, C, D, E, both said the 

corresponding parameters of fuzzy sets. Fuzzy control table of KP can be obtained as shown in Table 

1, Fuzzy control table of KD can be obtained as shown in Table 2, Fuzzy control table of αcan be 

obtained as shown in Table 3. 

System simulation and Analysis 

Using MATLAB, Simulink and Fuzzy tools respectively is to be established conventional PID 

control and fuzzy PID control of furnace temperature control system simulation.  Simulation system 

block diagram as shown in the figure Figure4 and Figure5. Figure 6 shows the results of Simulation 

curve. 
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Table 1 Fuzzy control table of KP                    Table 2 Fuzzy control table of KD  

 

 

 

 

 

 

 

 

Table 3 Fuzzy control table of α   
 

 

 

 

 

 

 

 

 

 

 

Figure4 Simulation system block diagram 
 

 

 

 

 

 

 

 

 

 

 

 

Figure5 Subsystem block diagram                             Figure6  Results of Simulation curve 

Conclusion 

From the simulation results we can see the parameter self-tuning fuzzy PID control is applied to 

the furnace temperature control system, can make the system performance index is increased 

significantly, illustrate the system uses fuzzy PID control method is effective and advantageous. 
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