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Abstract: A practical active disturbance rejection control (ADRC) solution is proposed for the furnace 
temperature system. Employing a linear reduced-order model with optimized parameters, the practical ADRC is 
simple to use, easy to tune and energy-efficient in dealing with the uncertainties and disturbances in plant 
dynamics. Through the order reduction in both the plant model and the state observer, we develop a first order 
extended state observer for estimating in real-time the total value of the external and internal disturbances. The 
practical and standard ADRCs outperform the Smith Predictor and the PID controller in disturbance-rejection 
and robustness; however, the practical ADRC has fewer adjustable parameters and significantly smaller energy 
consumption than the standard ADRC, making it a viable candidate for industrial applications. Copyright © 
2014 IFSA Publishing, S. L. 
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1. Introduction 
 

In the blast furnace production process, using 
high air temperature is an important source of 
calories. It is closely related about improving of Blast 
furnace production technology and the blast 
temperature; high air temperature can enhanced the 
blast furnace that is very active factor for smelting 
process, according to the combustion chamber 
temperature changes, fast optimization AFR. To 
effective control valve action, gas and combustion air 
flow can achieve precise and rapid adjustment and 
control. But in the actual process, the temperature 
control is a big delay process, due to outside 
influences, so led to the delay uncertainty because of 
the presence of delays, system design and control will 
be more difficult, while delay uncertainty will be 
more complicated. At present there are many ways 
for the smelting furnace temperature control, such as 
the optimal multivariable control [1], fuzzy control 
[2], intelligent PID control [3], Smith predictor 

improved [4], etc., although these ways improved 
furnace temperature control accuracy, but in recent 
years, with the smelting technology improved, people 
have further requirements for the quality of steel, 
then the furnace temperature control accuracy will be 
required to further improve. In the furnace 
temperature control process, various interferences 
have become a bottleneck restricting steel quality 
control. So we should adopt the advanced control 
technology to meet energy conservation, green 
manufacturing requirements [5]. The ADRC (active 
disturbance rejection control, ADRC), because of 
interference ability, high precision, fast response 
characteristics, has been used widely [6].For the 
Time Delay Control, when design ADRC, generally 
we take the time delay unit as approximate an order 
inertia [7-8], Reference [9] applied these methods to 
improve post-delay system, despite it got good 
control effect, but it still need more ADRC adjustable 
parameters. Therefore, the paper intends to draw on 
the literature [6] to approximate a unit delay links the 
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idea of a first reduction will be charged object, at no 
time delay model design ADRC. In addition, the 
proposed reference [8] for the conventional extended 
state observer (extended state observer, ESO) 
reduction, namely the design first-order estimate an 
order inertial object ESO total disturbance thinking, 
extended to the uncertain delay system disturbance 
estimation is easy to implement, try to use a simple, 
practical ADRC technology applied in the system. 
 
 
2. Mathematical Model of Furnace 

Temperature Control 
 

Blast furnace throat temperature substantially 
above the surface of the material gas temperature, it 
is affected by many factors. If the furnace cloth, 
charge their nature (material types, particle size), 
fabric parameters (batch weight, chute angle, feed 
line, radial ore / coke, etc.), the furnace conditions 
(feed speed, charge bias lines, pipelines, 
permeability), etc. The first is the loading, followed 
after duration of loading. With the charge into the 
furnace after the extension of time, the gas 
temperature is gradually increased, the longer the 
time duration, the higher the temperature rise. Once 
again, parameters of the cloth, the cloth roof various 
parameters determine the radius direction of the blast 
furnace and coke ore ratio (hereinafter, O/C means), 
and particle size distribution. The final condition of 
the furnace, the furnace conditions mentioned here 
refers to a degraded state and charge distribution of 
the gas stream. Fig. 2 is a partial outer ADRC 
controller structure. Due to the general high-level 
control object can be approximated as a second-order 
control objects simplify [9] Therefore, An object can 
be second-order temperature control ADRC control 
system structure. ADRC by the nonlinear tracking 
differentiator (TD), extended state observer (ESO), 
and the nonlinear state error feedback control law 
(NLSEF) three components involves components. 
TD for the input signal v to arrange a transition, a 
smooth transition of the signal v1, and extracts a 
differential signal v1 v2. ESO to estimate the 
controlled object, the estimated state variables z1, z2 
can track an object output y and its derivative, the 
disturbance estimation z3 disturbance can be 
estimated sum of the action object. TD generated v1, 
v2 and ESO given z1, z2 form two error amount eP, eD 
these two errors generated by NLSEF u0, then with 
ESO estimated disturbance gives z3 known part of the 
controlled object and f0(.) function to form a control 
volume u. Second-order differential equation control 
object can be expressed as [9]:  
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Establish a linear controlled object ADRC, its 
extended state observer expressed as [5] 
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where z=[z1 z2 z3]T, respectively x=[x1 x2 x3]T of the 
observables. ADRC combination of a variety of ways, 
this paper presents a linear combination of improved 
methods, the expression of the formula (3): 
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where λ is the value that can be set is associated with 
the system's Closed-loop zero coefficients; kp, kd, are 
the coefficients of the linear combination; r, r  
controlled object input and output of the are the 
differential respectively; u0 is used to compensate ago 
volume. Substituting ｕ will control the amount of 
extended state observer formula (3), it can be seen 
that this linear combination, elimination of b0 and 
extended state observer parameter coupling, so that 
only a controlled amount of a b0 amplification 
parameters. When ignoring the extended state 
observer z3 observational errors, by the formula (1), 
(2) can be obtained formula (4) 
 

 
003

..

)( uuzfy ≈+−=
, 

(4) 

 
According to the formula (3) 
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To (6) into Eq. (5) applies to rear Laplace transform, 
the closed-loop gain of the controlled object 
expression as a function: 
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22 ,  ,d c p ck kξω ω ξ= = is the damping coefficient 

cω is natural frequency, when 0<ξ <1. The system is 

under-damped state. 
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3. ADRC Performance Analysis 
 
3.1. ADRC Time-domain Analysis 
 

When the input R = 1 / S, i.e., the input is a step 
function, the output Y is expression is 
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For formula (8) to take Laplace transform, the time 
domain response of the system of the formula (9). 
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where 21 ξωω −= cd  is so called the ringing 

frequency. By the formula (9) shows that the system 
step response by the steady component and a 
damping component composition. When ξ is 
constant, the decay rate is determined mainly by ωc, 
ωc greater decay faster; ξ is smaller, faster system 
response. Fig. 1 shows the ξ =0.2, 0.4, 0.6, 0.8, the 
coefficient λ = 1.00, ωc is a fixed value, the system 
step response curve, ωdt is the dimensionless time. 
Obviously, when ξ is small, the system rise time and 
peak time is shortened, the greater the overshoot. 
Generally take 0.4< ξ <0.8, the system in response to 
a trade-off between speed and overshoot. 
 
 

 
 

Fig. 1. Step response under different damp parameters. 
 
 

When the ξ=0.4, λ=1.00, 0.75, 0.55, ξ =0.2, λ=1.00. 
The step response of the system shown in Fig. 2, it 
can be seen, adjust the zero coefficient λ becomes 
smaller, the system rise time and peak time was 
significantly shortened, while the overshoot is 
reduced, which is significantly better than in Fig. 1 
damping reduction method to accelerate the response 
speed of the system. 

 
 

Fig. 2. Comparison of system responses from the change  
of damp parameter ξ and zero-parameter λ. 

 
 
The change of damp parameter ξ and zero parameter 
λ. Formula (7) as described in the system zero point 
is formula (10) 
 

 )2/()/( λξωλ cdp kkS −=−= , (10) 

 
System poles as 
 

 
12 −±−= ξωξω cc jS , (11) 

 
By the formula (10), (11) can see that when λ 

becomes smaller, zero becomes large, and the poles 
of the system is not changed, the system response 
speed is accelerated. When ξ changes, the system will 
change the poles and zeros, ξ the adjustment is more 
complicated. 
 
 
3.2. ADRC Frequency Domain Analysis 
 

Although λ smaller the value, the faster system 
response, even λ value is 0. However, the frequency 
characteristics of the system through the study found 
that the smaller λ, the system frequency, the greater 
the phase lag, Fig. 3 is kd＝10, kp＝25, ξ＝1.00, 
λ=0.10, 0.50, 1.10 the system frequency response 
Bode plot, As can be seen from Fig. 3, the input 
frequency ω ≤ 5 rad ⋅ s-1, it can minimize λ, the 
response speed of the system, then do not affect the 
phase lag. For the high-frequency system, to adjust 
parameters Work becomes large to reduce the phase 
lag track. 

 
 

3.3. Noise Impact on Extended State 
Observer 

 

Extended state observer design parameters for the 
formula (12) 
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Fig. 3. Bode Diagram. 
 
 

where 0ω  is the observed frequency [6]. ADRC of a 

difficulty lies in the extended state observer with the 
speed of response is contrary to the noise 
amplification, it is found that the response frequency 
will be improved if the parameter of ESO 
observations is increasing. While the noise 
amplification effect is more obvious. If you do not 
consider a given reference value and the error 
between the outputs, only consider noise δ, output of 
the control, by the formula (1)(2) can be obtained 
formula (13). 
 

 
01 01 01 0( / )h p du T k k bδ δ β β β= − + + , (13) 

 

where Th  is used for the control cycle. By the 
formula (14) can be seen, Th is smaller, the smaller 
the effect of noise amplification. Therefore, the 
parameters appropriate to reduce the ESO [7-8] is to 
reduce the noise interference on the system effective 
measures, but doing so will also reduce the response 
speed of ESO, in the case of noise-immune, ESO 
parameters should be possible to take a larger value. 
Eliminate the noise impact on the ESO, another 
method is to add filtering aspects, including 
differential - tracker order inertial filter and a filter 
[9]. Formula (14) is a simple and effective 
differential - tracking filtering method, it is more than 
an order filter is more effective than other differential 
- tracking filter to implement more saving time. 
Literature [2] in figure 2.2.6 and 2.2.4, respectively 
(14) and then filter, When performing the simulation, 
application Matlab instructions elapsed time 
0.018789 s and 1.142035 s, respectively, The latter is 
the former 60 times of the time used. 
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where γ=0.5/r,r will use greater value properly. 

4. Experimental Study 
 

The authors design the immunity control block 
diagram as shown in Fig. 4, experiments in the 
reference input is sine signal, the differential can be 
directly calculated, thus omitting the differential - 
tracker, among them, the linear combination of some 
arrow represents the zero point is adjustable. 

This experimental device has four temperature 
zones, three of which can be seen as a group on the 
left and one on the right. 
 

 
 

Fig. 4. Block diagram of ADRC. 
 

Each zone has independent heating rods, for the 
first three temperature zones also comes with a 
cooling fan. B & R with CPU with touch screen 
PP220 as the controller module AT6402 temperature 
by the temperature sampling, two digital output 
module DO6322 output control relay off, enabling 
the heater and fan control. By measuring the 
temperature of this device can be heated to 140 OC, 
the time constant is about 1400 seconds, the detection 
accuracy of the sensor 0.1e, zone 1 to zone 4 of the 
delay is 80 seconds, 60 seconds, 100 seconds and  
120 seconds . The PWM output of the controlled 
object as input, as the temperature value, PWM  
100 % of full-scale input, the transfer function 
simplifies to: 

 
 1400

( )      
1400 1

i sG s e
s

τ−=
+

, (15) 

 
Here, τi (i=1, 2, 3, 4) for the temperature zone i lag. 

τi (i=1, 2, 3, 4) for the temperature zone i lag. In order 
to verify the feasibility and superiority ADRC 
controller, this article will ADRC controller and 
PIDXH controller temperature control device in this 
large delay on experiments and comparative analysis. 
Experimental single-temperature zone control 
experiment to compare two sets of algorithms steady 
precision, response speed and anti-jamming 
capability. 

Single temperature zone control. 
In the temperature zone 1 and zone 2 do four 

experiments to compare the ADRC controller and the 
B & R PIDXH temperature zone temperature control 
algorithm for a single effect. Each experiment 
consists of two parts, the first half is in the absence of 
interference in the case, put the system into steady 
state test algorithm overshoot, steady state accuracy 
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and response speed and other indicators; latter is on 
the bottom of the fan zone 500 seconds as the 
external interference immunity test algorithm. 
According to formula (15) of the transfer function, 
ADRC can be taken as b0 of 1, ADRC cycle period is 
0.5 seconds, according to formula (12) to take ESO 
parameters after debugging large delay time factor 
ESO heating apparatus 16, TD parameters: :r0 and hl 
respectively, 0.5 and 8, the temperature zone 1 and 
zone 2 of the delay were taken 80 s and 60 s, Fig. 5 is 
an ADRC controller controls the temperature zone 
temperature curve obtained in Fig. 6 is ADRC 
controller temperature zones the resulting 
temperature curve 2; Fig. 7 is a control zone l PIDXH 
temperature curve obtained, Fig. 8 is a controlled 
temperature zone 2 PIDXH temperature curve 
obtained; wherein PIDXH PID controller parameter 
is 100 degrees off the controller tuning PIDXH get. 
 
 

 
 

Fig. 5. ADRC controlled temperature zone 1. 
 
 

 

 
 

Fig. 6. ADRC control temperature zone 2. 
 
 

Analysis of experimental results: 
From Fig. 5 and Fig. 7 a comparison can be seen 

in the steady-state accuracy, ADRC controller and 
PIDXH have a high steady-state accuracy, final 
steady-state accuracy can reach 0.3 degrees; the 
overshoot area, ADRC basic controller no overshoot, 
significantly smaller than the PIDXH; in anti-
jamming capability, through 500 s of fan cooling, the 
temperature decrease are similar, but PIDXH return 

to the set temperature in the process significantly 
overshoot, and basically no ADRC controller 
overshoot relative PIDXH, ADRC controller can 
quickly return to homeostasis. Visible in the 
settlement quickly and without overshoot area, 
ADRC control better than PIDXH. Similarly, Fig. 6 
and Fig. 8 by comparison to the same conclusion can 
be drawn. 
 

 

 
 

Fig. 7. PIDXH controlled temperature zone 1. 
 
 
 

 
 

Fig. 8. PIDXH controlled temperature zone 2. 
 

 
 
5. Conclusions 
 

The linear design ADRC structure, increasing the 
ADRC Adjustable Zero coefficient, ADRC 
accelerates the speed of response. Application of 
classical control theory analyzes time domain step 
response of the controller to verify the rapid response 
of the controller; application of a Bode diagram of 
the controller frequency analysis, and gives a 
reference range; changing the linear combination of 
the estimated disturbance compensation, eliminating 
the parameters b0 and extended state observer 
coupling, so that ADRC parameter adjustment easier. 
Experiments show that adjusting zero parameters can 
effectively speed up the system response, so that 
parameter tuning easier. 
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