
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/261310948

A robust adaptive method to control the crushing mill machine

Conference Paper · December 2011

DOI: 10.1109/ICCIAutom.2011.6356717

CITATIONS

3
READS

148

3 authors:

Some of the authors of this publication are also working on these related projects:

Active Power Filter View project

neural network View project

Hamid Behzad

Shahrood University of Technology

2 PUBLICATIONS   10 CITATIONS   

SEE PROFILE

Saeed Khorashadizadeh

University of Birjand

44 PUBLICATIONS   703 CITATIONS   

SEE PROFILE

Ali Akbarzadeh Kalat

Shahrood University of Technology

36 PUBLICATIONS   268 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Hamid Behzad on 09 July 2014.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/261310948_A_robust_adaptive_method_to_control_the_crushing_mill_machine?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/261310948_A_robust_adaptive_method_to_control_the_crushing_mill_machine?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Active-Power-Filter-2?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/neural-network-13?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hamid-Behzad?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hamid-Behzad?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Shahrood_University_of_Technology?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hamid-Behzad?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Saeed-Khorashadizadeh?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Saeed-Khorashadizadeh?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Birjand?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Saeed-Khorashadizadeh?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali-Kalat-2?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali-Kalat-2?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Shahrood_University_of_Technology?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali-Kalat-2?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Hamid-Behzad?enrichId=rgreq-b14bf2e08903c70ef256af357c7e7976-XXX&enrichSource=Y292ZXJQYWdlOzI2MTMxMDk0ODtBUzoxMTY5NDIyNzQ4MzAzMzdAMTQwNDg5MjYxOTM4Mg%3D%3D&el=1_x_10&_esc=publicationCoverPdf




Abstract— This paper is concerned with the adaptive control
of sugar mill system and develops a controller based on indirect
self tuning regulators in which the system parameters are
identified using recursive least squares (RLS) method and the
controller is designed using pole placement approach. The Sugar
mill system is a linear multivariable system. Thus, designing a
controller to overcome couplings and uncertainties such as
external disturbances and parametric uncertainties is a critical
problem. The most important novelty of this paper is using the
disturbance rejection ability of self tuning regulators to overcome
the coupling problem, since couplings are considered as
disturbances in this paper. Simulation results are presented to
verify the efficiency of the designed indirect self tuning regulator
in the control of crushing mill machine. Moreover, the
performance of the designed STR is compared with a sliding
mode controller.

I. INTRODUCTION

O historically mark the advent of sugar making
industry using sugar cane has been always a matter of

great debate. While several approaches are introduced for
extraction of sugar cane syrup, using mill is nowadays
more prevalent in several factories. Each mill consists of
three rollers two of which are fixed while the upper one
hydraulically adjusts the pressure in proportion to the
input feed.

Since canes with different dry matter qualities are fed
into the system, achieving maximum extraction requires
the pressure of the mills, torque of the rollers and height of
the input feet to be controlled and maintained [1,2].

The torque control has significant influence on juice
extraction [3] and the height  of  the material  in the buffer
chute should be  at a level  to achieve an adequate degree
of  compression  of  the material  for efficient  smashing
[4]. It is noteworthy that the chute height and the roll
torque are closely coupled. Here, the height control is
achieved by changing the turbine speed and the torque
control is maintained by geometrical changing of the chute
via the flap [4]. Considering the interdependence of height
and torque, on the one hand, and the differences in dry
matter qualities fed, on the other, to design a controller
that acts as decouple and is robust to dry matter of
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different qualities is of great significance.
PID controllers are well adjusted for the sugar mill

control. But they are not robust enough against changes in
raw materials [5]. So, adaptive and robust controllers are
the best choice. Robust controller was implemented by
Partanen et al in 1994. Although these controllers are
robust against changes in the model of the system, adaptive
controllers solve the control problem for a larger
uncertainty set than a robust controller. Moreover, the
degree of the controller is very high compare to the process
model [6].

Sliding mode control as an efficient robust control
strategy has attracted considerable research interests and
many complicated systems such as robot manipulators [7],
cooperative autonomous mobile robots [8], electro-
hydraulic systems [9] and variable speed wind energy
conversion systems [10] have been successfully controlled
using sliding mode control. This robust control method has
been applied to the crushing mill machine [3] and we will
compare the performance of this controller with the
proposed controller in this paper.

Adaptive controllers are preferred, since their ability to
on-line identification of the process model and
consequently, wide ranges of uncertainty have been
included and they do not require high order controllers.
These controllers not only have strong mathematical
foundation but also defined in terms of sustainability [6].
Self tuning regulator (STR) and model reference adaptive
systems (MRAS) are two adaptive control methods both of
which have more applications methods than others. Self
tuning regulators are very popular and have been applied
to control many important systems [11-15].

In this paper, due to changes of process model and non-
minimum phase property of it, STR is the chosen method.
There are different kind of STR controllers among which
pole placement method was selected because of its ability
in control of non-minimum phase systems and its MIMO
decoupling property. Pole placement method is based on
designing STR parameters to reach desired close loop poles
[16]. Experimental results represent that appropriate
selection of designing parameters are vital for success of
STR controllers [16].

This paper is organized as follows. Section 2 presents the
linear model of the crushing station. Section 3 explains the
indirect STR designing procedure. Section 4 presents the
simulation results based on STR designing and compares
the performance of this control strategy with a sliding
mode control design.
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II. MODELING

A schematic diagram of a crushing station is shown in
Fig. 1. In order to achieve the maximal juice extraction,
the buffer chute height and the mill torque should be
controlled using the position of the flap mechanism and
turbine speed. The following linear model for this system
has been obtained using experimental results [3].

25 0 .005 0 .005
( ) ( )25 1 ( 1)
( ) ( )1 0 .0023

25 1
0 .005

( )
0 .0023

s s
t f ts s s

h t t
s s

s d t
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   
             
  

 
 

  
 
  

(1)

where ( )f t  represents the position of a flap mechanism,
( )t  turbine speed, ( )t  the mill torque, ( )h t  the buffer

chute height, the Furthermore and ( )d t  the external
disturbance.

III. A POLE ASSIGNMENT DESIGN FOR THE SELF-TUNING
REGULATOR ADAPTIVE CONTROLLER

We can simplify (1) as

111 12

21 22 2

( )( ) ( )( ) ( )
( )

( ) ( )( ) ( ) ( )
D sG s G st f t

d t
G s G sh t t D s

      
              (2)

To simply design the controller, the model is considered as
two decoupled single-input/single-output systems

11( )G s and 22 ( )G s  while the interaction factors 12 ( )G s
and 21( )G s  are considered as disturbance for 11( )G s  and

22 ( )G s , respectively. In order to make practical realization
of the controller easier, this paper uses digital control.
Since practical implementation of most control systems

requires computers or microprocessors and they need
digital signals.
Using the sampling time of 0.5st s , the discrete time
model of the system will become

2
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 
  

(3)

Indirect self-tuning regulators consist of an identifier
and a controller as illustrated in Fig. 2. The identifier
which is usually a recursive least squares estimator, uses
the process input and output in order to provide an
estimate of the process parameters. These estimated
parameters will determine the controller coefficients.
   The design algorithm is as follows:

1. Designing an adaptive controller for 11( )G s and

22 ( )G s , separately.
2. Considering 12 ( )G s  and 21( )G s  as disturbance for

11( )G s  and 22 ( )G s , respectively and modifying the
controller.

We can describe 11( )G s  as
( ) ( ) ( )( ( ) ( ))A q y k B q u k v k  (4)

where ( )y k , ( )u k  and ( )v k  denote the digital signals of
output, input and disturbance respectively. Furthermore,
we assume that ( )A q  and ( )B q  are co-prime to each other
and that means they do not have common factor. A linear
controllers is of the general form:

( ) ( ) ( ) ( ) ( ) ( )cR q u k T q u k S q y k  (5)
in which R , S  and T  are polynomials and cu  is the
command signal. For simplicity, we ignore the argument
q  of polynomials. Substitution of ( )u k  from (4) into (5)
yields the following closed loop equation:

Fig. 1.  A crushing station of sugar cane

Fig. 2.  Block diagram of self-tuning regulator
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Consider the transfer function
0
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B q bY qG q
U q A q q a q
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as the desired closed loop system. According to [17], R
and S  are calculated by solving Diophantine equation:

m oAR BS A A  (8)
where oA  is the observer polynomial. According to
compatibility condition

1oA  (9)
Due to the causality condition [17], we obtain:
deg( ) deg( ) deg( ) 0T R S   (10)

Thus, the polynomials T , R  and S  are constant values
of 0t , 0r and 0s . Substituting T , R  and S in Diophantine
equation and equating coefficients of equal power of q
yields: 0 0 1r t  and 0 1.5452s   .

Fig.3. comparing the output and the input pulse after modifying
controller

Now, we consider the disturbance to determine the final
control signal for the first input. The command signal 2cu
which passes through 12 ( )G q , comes to 11( )G q  as a
disturbance. Therefore, the input disturbance to 11( )G q has
a determinate dynamic 1dA  which is related to step
disturbance and the dynamic 2dA  which is related to

12 ( )G q .

1 1dA q  (11)
2

2 2
1.607 0.6065

2 1d
q qA

q q
 


 

(12)

In order to have a limited output in the presence of
disturbance, 1dA should be a factor of R :

1dR A R (13)
Now, according to the fact that designed controller has a

determinate 0R and 0S , the new T , R  and S are
calculated as:

0R XR YB  (14)
0S XS YB  (15)

in which 0R , 0S and B  are known and we are going to
find X  and Y . Assume that X  and Y  are:

0 1( )( )X q X q X   (16)

0( )Y q y  (17)
Using (13)-(17), 0y will be calculated as

0 1 0
0

0

(1 )(1 ) 1X X ry
b

 
   (18)

Substitution of 0y  in (14) and regarding to the fact that

0X and 1X  are tuning parameters, R  and S  are
calculated using (14) and (15). Finally, replacing R  and
S  from (14) and (15) into (5) yields the control signal for
the first channel. Similarly, another controller can be
calculated for

0
22

1

0.00115( )
1

bG q
q a q


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(19)

regarding the fact that 21( )G q is disturbance function and

0
22

1

0.0247( )
0.9753

m
m

m

bG q
q a q

 
 

(20)

is the desired model.

IV. SIMULATIONS AND COMPARISONS

The simulation results are depicted in the following
figures. The outputs and the input pulses after modifying
controllers are presented in Fig. 3. It is clear that for the
first output, after a period of time, the effect of
disturbance, which is due to interaction, is omitted. In the
second output, which is not an important output, this effect
is a notable in the early periods, but is omitted too.

Fig.4. comparing the output and the input pulse after modifying
controller and disturbance

Now, for investigating the robustness of our design, we



apply the disturbance which is generated by the fluctuating
feed of sugar cane to the buffer chute. This disturbance
has a amplitude which is about the domain of the inputs.
As it reveals in Fig. 4, it affects just the less important
output ( )h t . It is clear that ( )t  does not have any
changes.

Fig.5. controlling signals for the first input

Fig.6. controlling signals for the second input

Fig. 5 and Fig. 6 depict the control signals for the first
and second inputs. As it was expected, these signals have
high amounts in the first periods, but they limited to a
certain amount.

As Fig. 7 reveals, the estimated parameters are
convergent to a certain amount after a period of time.

Furthermore, the error signals are depicted in Fig. 8.
As compared with the controller designed in [3], the

strategy adopted in this paper is superior. Since the STR is
designed in the presence of uncertainty and it assumes that
the exact model is not available, while the controller
designed in [3] needs the exact model. Moreover, the STR
design is simpler.

V. CONCLUSION

An adaptive method was presented to control the torque

and the height in the sugar mill. We assume that the model
is decoupled, so an adaptive-STR controller was designed
and to investigate the robustness, the effect of the
disturbance was shown. The method is applicable to a wide
variety of systems. As a consequence of the STR
controllers, interaction factors are effectively avoided
without affecting the decoupling of the system.

Fig.7. estimated parameters

Some remarkable features of the research are that
firstly, we are not concerned about non-minimum phase
effect of the right zero. Secondly, STR will decouple the
system inherently. Thirdly, the control signal will remain
limited after a period of time. Problems for further
research include limiting the amplitude of the control
signal in the early periods and finding a way to estimate
the initial value of the parameters of the model to reach the
optimal response.

Fig.8.  Error Signal
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