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Abstract: In tension systems, the main concern is to decouple the tension and velocity in spite of radius 
variations and other perturbations. To solve this control problem and design the optimal controller, this paper 
develops a mixed-sensitivity robust H∞  control based on self-optimizing algorithm. First, the modeling of the 
tension system is presented with relative theorems. Second, a mixed-sensitivity robust H∞  control which 
reduces the coupling between tension and velocity is compared to PID controller. But the H∞  controller is 
conservative, the H∞ controller method with parameter fuzzification is introduced. At low velocity, the H∞  
control method with parameter fuzzification gets fine results. However, for the high velocity and real time 
requirements of tension system, the H∞  control method with parameter fuzzification cannot keep the controller 
optimal always. Therefore the tension robust control strategy based on self-optimizing algorithm is proposed. 
The controller is optimized by hyper generation GA (HGGA) which reduces computing time. Furthermore, the 
current error and the change of the error are turned to compensate time delay. In order to test the effectiveness 
of the proposed algorithms, the tension experiment platform analog system is developed based on DSP 
(TMS320LF2407A) board. Finally the algorithms in this paper are tested in tension system platform, and the 
feasibility has been verified.    
 
 
Key-Words: tension system; robust control; parameter fuzzification; genetic algorithm (GA); hyper generation 
GA (HGGA); time delay; DSP; 
 
1 Introduction 
Tension control is a kind of common technology 
and is widely used in the engineering industry such 
as printing equipment，papermaking, fiber winding. 
Tension control technology is a great project to be 
solved for the technician. The main objective of 
tension control is to increase as much as possible the 
transport velocity while controlling the tension of 
the elastic material. Generally, proportional-
integral-derivative (PID) is used in industry. 
However, in high velocity applications, PID 
becomes unsatisfying.  
     There are many problems in tension systems that 
must be solved. Due to the variation of the radius 
and the inertia of the rollers, the winding process is 
complex. Furthermore, there is the strong coupling 
between material velocity and tension. So, tension 
system is more difficult to control than other 
systems.  

In the last few decades, several methods are 
available for tension control. The linear parameter 

varying (LPV) and robust H∞  control strategy (see 
[2]) with varying gains are combined to give fine 
results, for the robustness to radius and inertia 
changes. In paper [3], multivariable robust control 
with two degrees of freedom (2DOF) and gain 
scheduling applied to winding systems is presented. 
Three controller structures are considered: a global 
controller, a semi-decentralized controller, and a 
semi-decentralized controller with overlapping. Two 
new tension estimators are proposed in [4], and the 
estimators consider all essential dynamic, friction, 
inertial variation effects. The robust inferential 
controller based on quantitative feedback theory is 
developed for hot strip mill tension control in [5]. 
Multivariable control strategies have been proposed 
for industrial metal transport systems [6]-[7]. 

However, above algorithms are complicated 
and require large computational time. To 
accomplish the mentioned motivation, tension 
robust H∞  control based on self-optimizing 
algorithm is developed in this paper. Due to the 
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mixed-sensitivity H∞  controller’s conservatism, the 
H∞  control method with parameter fuzzification is 
studied, which can restrain interference and decrease 
the coupling degree between velocity and tension. 
The experiment results demonstrate the tracking 
performance of robust H∞  controller with 
parameter fuzzification at low velocity. 
Nevertheless, for the high velocity and real time 
requirements of tension system, the robust H∞  
controller should be improved. So the tension robust 
control strategy based on self-optimizing algorithm 
is proposed. The optimizing method for the robust 
controller based on hyper generation genetic 
algorithm (HGGA) is presented. Furthermore, the 
current error and the change of the error are turned 
to compensate time delay. Finally the algorithms 
above are tested in tension platform, and the 
feasibility has been verified.    

In the following section of this paper presents 
the plant modeling of tension system with relative 
theorems. The third section shows the mixed-
sensitivity H∞  robust control method. Section four 
gives the tension robust control with parameter 
fuzzification. The tension robust control strategy 
based on self-optimizing algorithm is developed in 
section five. Section six gives experiment results 
analysis. The experiments are implemented based 
on DSP (TMS320LF2407A), a 16-bit digital signal 
processor. 

 
 

2 Plant Modeling  
Fig.1 shows the scheme of experimental system 
with two motors. The system inputs are the control 
signals uU  and wU , and the outputs are the 
unwinding web tension uT  and winding web 
tension wT . In Fig.1, i (i=1, 6)V L  and i (i=1, 6)R L  
are the velocities and radius of rollers. urefT and 

wrefT  are the given web tension values. 
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 Fig.1 Decentralized tension control system  

 
 
2.1 Web Tension between Two Rolls 
The web tension between two rolls can be computed 
based on three laws [2][3]: Hooke’s law, Coulomb’s 
law and Mass conservation law. 
●Hooke’s law  

0

0

L LT EA EA
L

ε −
= =                   (1) 

where T  is the tension, E  is Young’s modulus, A  
is the web section, ε  is the web strain, L  is the web 
length under stress and 0L  is the nominal web 
length.  
●Coulomb’s law: The web strain between the first 
contact point of roll and the first contact point of the 
following roll is given by  
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where a is the length of roll sticking zone, g is the 
length of roll sliding zone, μ  is the friction 
coefficient and bL a g L= + + . 
● Mass conservation law  
Suppose an element of web of length 0 (1 )l l= + ε  

  0 0AL ALρ ρ=  ⇒     
0

1
1

ρ
ρ ε

=
+

           (3) 

Where 0ρ  and ρ  are density between the state 
without stress and the state under stress.  
      The web tension equation can be simplified by 
using Hooke’s law, Coulomb’s law and Mass 
conservation law 

k
k 1 k k 1 k 1 k 1 k k 1 k( ) (2 )dTL EA v v T v T v v

dt− − − − −= − + − −   (4) 

where k (k 1, ,6)V = L is the velocity of roll, 

k (k 2, ,6)T = L is the web tension, 
and 2 u 6 w,T T T T= = . A linearized model can be 
expressed as (e.g. k 2= ):  

2
1 2 2 1 1 1 2( )( ) ( )dTL EA T V V V T T

dt
= + − + −       (5) 

 where 0T  and 0V are the expected values, 

and 2 0T T= ， 1 0V V= . 

 
2.2 Velocity Equation of Roll 
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Assuming the web velocity is equal to the roll linear 
velocity, the velocity of roll can be got through a 
torque balance. 

Unwinding roll 

   u u
u 2 u u vu u

( )d J R T K U f
dt
Ω

= − − Ω         (6) 

Winding roll 

w w
w 6 w w vw w

( )d J R T K U f
dt
Ω

= − + − Ω     (7) 

Dance arm and other rolls 

23
3 3 4 3 2 3

( ) ( )d vJ R T T f v
dt

= − −            (8) 

where uΩ  and wΩ  are the rotational speed of 
unwinding roll and winding roll, uJ  and wJ  are the 
roll inertia of  unwinding roll and winding roll, 

vuf , vwf  and 2f  are the viscous factor of unwinding 
roll, winding roll and rolls. uK  and wK  are the 
constant coefficient of  motors. 

The state-space representation of nominal 
model can be written as 

( )X A t X Bu
y CX

⎧ = +
⎨

=⎩

&
                    (9) 

where
T

u u 2 2 3 3 4 4 5 5 6 w w( )X J T V T V T V T V T J= Ω Ω
T

u w( )U U U=    
T

u w 2 3 5 6( ) (( ) ( ))Y T T T T T Tα β β α= = + +  

       Matrices ( ), ,A t B C  are given in the Appendix. 
 
 
3 Tension Mixed-sensitivity Robust H∞  
Control 
The mixed-sensitivity robust H∞  control can reduce 
the coupling between web tension and velocity, and 
it is a powerful tool to design tension controller with 
properties of disturbances rejection.  

The transfer function of unwinding roll is 
obtained using the state-space representation of 
nominal model and equation (5)  

1 1 u u2
u 2 2

u u 1 u u 1 u 0 u u 0 1 1 u

( )( )
( ) ( )

ELK RT sG s
U s J Ls f J L J V s f J V ELR

= =
+ + + +

  (10) 

The transfer function of wingding roll can be 
rewritten as                    

6 5 5 w w
w 2 2

w w 5 w w 5 w 0 w w 0 5 5 w

( )( )
( ) ( )

T s ELK RG s
U s J Ls f J L J V s f J V ELR

= =
+ + + +

(11) 

The robust  H∞  controller is designed using the 
mixed sensitivity approach, as shown in Fig.2. In 
this figure, w  are exogenous signals, e is the error 
variable, u  is the control signals, y  is the measured 
variables, z  is the output signals.  

 
Fig.2 mixed sensitivity robust H∞ control 

It can be seen that generalized plant ( )P S  is 
composed of nominal plant ( )G S  and a set of 
weighting matrices 1( )W s , 2 ( )W s , and ( )uW s . The 
expression of the closed loop transfer function 

( )zwT s  using linear fractional transformation (LFT) 
is as follows 

1

zw u

2

( )
W S

T s W KS
W T

⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥⎣ ⎦

 

where S  is the sensitivity function, 
1( )S I GK −= + , and T  is the complementary 

sensitivity function, T I S= − . 
The sensitivity function S  represents the 

perturbation’s influence on the measurement outputs. 
The complementary sensitivity function T  
represents the influence of the measurement noise 
on the measurement outputs. KS  represents the 
impact of the perturbation on control signals. To 
ensure perturbation rejection, the S  must be 
minimized, and to handle noise rejection, the T  
have to be minimized. This synthesis may seem 
contradictory. In order to solve this problem, 
weighting matrices 1( )W s , 2 ( )W s , and ( )uW s  are 
introduced in different frequency ranges. 

The design objective is to minimize a weighted 
mix of the transfer function S  and T  in different 
frequency ranges. This mixed sensitivity design 
objective can be formulated as follows: Given 
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( )P S  and 0γ > , finding controller ( )K S  which 
stabilizes the closed loop system and ensures 

 zw max zwsup ( ( ))T T j
ω
σ ω γ

∞
= ≤          (12) 

     γ  is the achieved value of the optimum. 
Weighting matrices can be adjusted so that γ  is 
inferior and close to 1. The synthesis of controller 
using / /S KS T  mixed sensitivity configuration 
requires the choice of three weighting matrices 

1( )W s , 2 ( )W s , and ( )uW s . These matrices are 
supposed to be chosen following procedure.  

1( )W s  and 2 ( )W s  are weight matrices for 
shaping the characteristics of open-loop plant. The 
standard practice is to choose the weighting matrix 

1( )W s  with high gain at high at low frequencies in 
order to reject low-frequency output disturbances. 
The weighting matrix 2 ( )W s  should be a high-pass 
filter in order to ensure robustness against additive 
uncertainties in the plant model in the high-
frequency range. The weighting matrix u ( )W s  is 
used to avoid large control signals. The following 
conditions are necessary and sufficient for robust 
stability, nominal and robust performance. 

1 1W S < , 2 1W T <    ⇒  
1

1( ( )) ( )S j W jσ ω ω−≤ , 1
2( ( )) ( )T j W jσ ω ω−≤  

 
 
4 Tension Mixed-sensitivity Robust  
H∞  Controller with Parameter 
Fuzzification 
4.1 Robust Controller with Parameter 
Fuzzification Design 
The mixed-sensitivity robust H∞  control improves 
robustness to the change of radius and inertia of 
tension systems, but robust H∞  control is based on 
a worst-case design and could be overly 
conservative for a large parameter set. While fuzzy 
method develops relying on expert experiences and 
it is easy to realize. The H∞  controller with 
parameter fuzzification is designed to control 
tension in this part.  

The tension controller is chosen according to the 
error and the change of error. As aforementioned in 
section three, S

∞
 is the measurement of tracking 

capability and disturbance suppression. When S
∞

 
decreases, the robust controller plays an increasing 
dominant regulation role and enhances the speed. So, 

the H∞  controller can be defined as following, the 
standard controller means the most conservative 
H∞  controller, the enhanced controller means the 
H∞  controller with the min-nom.  

Suppose that the tension robust controller 
0 ( )K s  is the standard controller, 2 ( )K s  is the 

enhanced controller, and 1( )K s  is the controller that 
its control ability is between the standard controller 
and enhanced controller. Each of the input variables 
has following sets: NB, NS, ZO, PS, PB. Rules are 
constructed in a 5*5 fuzzy table as shown in table 1. 

Tabel1 the rules of tension robust controller 

 
 
 
4.2 Experimental Results 
The proposed robust H∞  control with parameters 
for tension system has been implemented on a 
laboratory drive. The drive is shown in Fig.3. The 
DSP-based control card (TMS320 LF2407A) is 
installed in the control computer which has multi 
channels of D/A, A/D, I/O and encoder interface 
circuits. Contrast table of amplitude and tension is 
shown in Table 2. 

  
Fig.3 experimental setup 

  Table 2 contrast table of amplitude and tension 

 
The control using PID controllers and the H∞  

robust control are compared on Fig.4 under 
speed1000 / minr . The square reference tension is 
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periodic that change between 2700 and 3000 about 2 
seconds. From the experimental results, it is hard to 
solve the tension overshoot and stable error using 
PID controllers. The H∞  robust control has 

improved the tracking properties and suppressed the 
coupling. However, the error at stable stage isn’t 
ideal, the H∞  robust control with fuzzification is 
studied. 

     
(4a) unwinding web tension using PID            (4b) unwinding web tension using H∞ control 

  
(4c) winding web tension using PID                 (4d) winding web tension using H∞ control 

Fig.4 PID and H∞ control 

In terms of the model of tension system, the 
controller can be designed as  

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

k s a s bK s
s c s d s e

+ +
=

+ + +
              (13)      

Under 0 2400 / minV r= ， 0 4.5T N=  , the 

weighting matrices of w ( )G s  can be chosen as 

 1
0.5 10( )

0.01
sW s

s
+

=
+

， u ( ) 0.01W s =  

2 ( )W s  is chosen as s , 0.01s  and 0.1s  which  

correspond to 0 ( )K s , 2 ( )K s , and 1( )K s . 

The curves 1, 2 and 3 correspond to the bode of 

0 ( )K s , 1( )K s  and 2 ( )K s  separately in Fig.5, 

which satisfying zw 1T
∞
≤ . 

 
Fig.5  Bode of  closed loop zwT  

In Fig.6 and Fig.7, the bode of ( )S s  and ( )T s  
(curve 1, 2 and 3) correspond to three cases in Fig.5. 
The curves 4 are 1

1W − (Fig.6) and 1
2W − (Fig.7), which 

satisfying 1
1( ( )) ( )S j W jσ ω ω−≤ ， 1

2( ( )) ( )T j W jσ ω ω−≤  
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Fig.6 Bode of  ( )S s  and 1

1W −                           Fig.7 Bode of ( )T s  and 1
2W −  

Fig.8 shows the experiment results using 
H∞ controller with parameter fuzzification at a rotor 
speed approximately 1000 / minr  and 2400 / minr . 
At low speed 1000 / minr  , the H∞  control method 
with parameter fuzzification gets fine results. 
However, at high speed 2400 / minr , the tension 
fluctuation is hard to meet the high precise demands 

of tension system. The results indicate that the H∞  
control method with parameter fuzzification cannot 
keep the controller optimal during the whole process. 
So the tension robust control strategy based on self-
optimizing algorithm is proposed, which is 
introduced in the following paragraph. 

  
(8a)  unwinding web tension (1000 / minr )         (8b) winding web tension (1000 / minr ) 

  

(8c) unwinding web tension ( 2400 / minr )    (8d) winding web tension ( 2400 / minr ) 
Fig.8 H∞ control with parameter fuzzification 

 
5 Tension Robust Control Strategy 
Based on Self-optimizing Algorithm  

As aforementioned, the robust control strategy 
based on self-optimizing algorithm is proposed to 
meet the high precise demands of tension system in 
this part. The self-optimizing algorithm is used to 
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obtain optimal controller between standard 
controller and enhanced controller during the 
process. While, in tension systems, there are real-
time problems that require a short response time and 
fast convergence speed. To address this, this paper 
adopts hyper generation genetic algorithm (HGGA) 
[14] to obtain optimal controller.  

The characteristic of conventional genetic 
algorithm (GA) slowly converges to an optimal 
solution, which limits its application in real time 
system. The methods to improve the convergence 
speed of Genetic Algorithms (GAs) have received 
significant interest. A genetic algorithm (GA) using 
linear approximation of load flow equation and 
heuristic selection of participating controls were 
combined in a search method for the minim number 
of control actions [15]. An on-line genetic approach 
optimizes the input/output membership functions 
and gains [16]. In [17], using symbiotic evolution 
based fuzzy controller design method, the number of 
control trials and consumed CPU time are 
considerably reduced when compared to traditional 
GA-based fuzzy controller design methods. 
However, these methods is hard to realized and the 
evolution speed is still limited. This paper proposes 
HGGA to improve the convergence speed of GA for 
tension systems. 

 
 

5.1 Self-optimizing Algorithm on Line 
In this section, the H∞ controller is optimized on 
line by hyper generation GA (HGGA) which 
reduces computing time. Furthermore, the current 
error and the change of the error are turned to 
compensate time delay.  

)(in ' '
g0 g1( ) ( )n i n i

g0 ( )n i

g1( )n i

)(' gG )(gG

           
Fig.9 Block diagram of HGGA 

HGGA(hyper generation GA)：The conventional 
GA is generation-based scheme, which processes 
chromosomes generation by generation. The 
evolutionary process including crossover, mutation 
and selection performs in the same generation. The 
selection operation is only triggered until N 
offspring candidates are generated, which takes long 
time to wait and limits the evolution speed. To 
overcome the drawbacks of conventional GA, the 
HGGA is introduced.    

     As shown in Fig.9, the GA operations, crossover, 
mutation, and selection in HGGA are the same as 
those in conventional GA. The key feature of 
HGGA is to break the generation restrain to 
accelerate convergence speed. Namely, the GA 
operations are not limited in the same generation. 
When an offspring is generated, the HGGA allows 
the offspring to mate with one of the unprocessed 
chromosomes immediately. The new offspring 
chromosomes may be generated from parent mating 
with offspring. The offspring is no longer consumed 
long waiting time. Additionally, the offspring stored 
in candidate pool enter the offspring pool only when 
there is no chromosome in offspring pool. Then, the 
GA operations, selection, crossover, and mutation, 
are triggered immediately.   
Dynamic Fitness Function: The fitness function is 
used to evaluate chromosomes during selection 
operation to determine which offspring should be 
remained as the parents for next generation. Due to 
time delay,  ( )e t  is the error of t kT− in fact, while 
the current control effect will be indicated in time 
point t kT+  . This paper presents a dynamic fitness 
function to compensate time delay. In fitness 
function, the error ( )e t kT+  and change of error 

( )e t kT+&  in time point t kT+  are predicted in 
terms of current error ( )e t . The dynamic fitness 
function can be expressed as 

2 2 2 2
2 1 2exp[ ( )]FIT z zα α= − +      (14)  

Where 1z e= ， 2z e= & , α  is a constant and can be 
chosen according to actual system. In this paper,  
(1) if 2z δ< ，then 1α = ； 

(2) if 2z δ> ， 1 1( ) ( )z KT z KT T< + ，then 
1.1α = ； 

(3) if 2z δ> ， 1 1( ) ( )z KT z KT T≥ + ，then 
0.9α = . 

where δ  is a constant and 0.2=δ  in this paper. 
 
 
5.2 Experimental Results 
The robust controller based on self-optimizing is 
searched in the range from the enhanced controller 
to standard controller in section four. In terms of the 
error and change of error, the range can be divided 
into two groups. Namely, one group is between the 
standard controller 0 ( )K s  and 1( )K s , the other 
group is between 1( )K s  and  enhanced controller 

2 ( )K s . Thus narrowing the range, the robust 
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controller can be obtained exactly. From section 
four, there are 6 parameters in each controller. For 
each population member, a binary string length of 
96 bits is used.  

When the error increases and 2FIT ε< ( 0>ε ), 
the HGGA starts to execute selection operation. 
Initially, 8 chromosomes in the base generation have 
been generated. First, the fitness value of each 
chromosome is calculated. Then, the new offspring 
is generated by HGGA and the fitness value can be 
obtained. The optimal scheduling result will be the 
chromosome with the larger fitness value.  Finally, 
the 8 optimal chromosomes will be regarded as base 
generation for next HGGA. Because of the specialty 
of tension system, the HGGA follows these 
principles: 

(1) Deal with offspring firstly; (2) Allow the 
chromosome to mate with chromosome in different 
generation firstly; (3) Two parent chromosomes 
generate two offspring chromosomes, and two 
chromosomes with the largest fitness value are 
remained. 

Fig.10 shows the experiment results using 
robust H∞ controller based on self-optimizing at a 
rotor speed approximately 2400 / minr . For the 
exerting disturbance case, as shown in Fig.10c and 
Fig.10d, the error at stable stage is ideal. Therefore, 
in the case of high speed and disturbance, the robust 
controller based on self-optimizing shows superior 
performance. 

 
(10a) unwinding web tension                 (10b) winding web tension 

 

(10c) unwinding web tension under disturbance   (10d) winding web tension under disturbance 
Fig.10 Robust controller based on self-optimizing ( 2400 / minr ) 

 
 
6 Experiment Results Analysis 

    In order to explain the performance of proposed 
controllers, we analyze the tension static difference 
ratio and tension fluctuation ratio. The static 
difference ratio is an important evaluation index of 
tension systems, and the fluctuation ratio is the key 
index of tension systems.  

       The static difference ratio δ  of  tension  is 
defined as 

max min

max min

2( ) 100%
( )

T T
T T

δ −
= ×

+
               (15) 

where maxT represents the max value of  tension, 

minT  represents the min value of tension. 
       The fluctuation ratio ξ  of tension is defined as 
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max min

r

100%T T
T

ξ −
= ×                 (16) 

where rT  represents the given value of tension. 
From Fig.4a, Fig.4c, Fig.8a and Fig.8b, the 

static difference ratio *
i i, (i 1,2,3,4)=δ δ  and 

fluctuation ratio *
i i, (i 1,2,3,4)=ξ ξ  can be 

calculated.     
1.In the case of given amplitude 2700, 

1000 / minrω =  and unwinding, H∞  robust 
controller with parameter fuzzification: 1 2.8%=δ , 

1 2.9%=ξ ;PID controller: *
1 5.4%δ = ， *

1 5.5%ξ =  
2.In the case of given amplitude 3000, 

1000 / minrω = , and unwinding, H∞  robust 
controller with parameter fuzzification: 2 2.9%δ = , 

2 2.8%ξ = ; PID controller: *
2 6.2%δ = , *

2 6.3%ξ =  
3.In the case of given amplitude 2700, 

1000 / minrω = ， and winding, H∞  robust 
controller with parameter fuzzification: 3 2.8%=δ , 

3 2.9%=ξ ; PID controller: *
3 5.8%δ = , *

3 5.9%ξ =  
4.In the case of given amplitude 3000, 

1000 / minrω = ， and winding, H∞  robust 
controller with parameter fuzzification: 4 3.0%=δ , 

4 2.9%=ξ ; PID controller: *
4 6.1%δ = , *

4 6.3%ξ =  
From Fig.8c, Fig.8d, Fig.10a and Fig.10b, the 

static difference ratio *
i i, (i 5,6,7,8)=δ δ  and 

fluctuation ratio *
i i, (i 5,6,7,8)=ξ ξ  can be 

calculated.   
5.In the case of given amplitude 2700, 

2400 / minr=ω , and unwinding, robust controller 
based on self-optimizing: 5 2.7%δ = , 5 2.8%ξ = ; 
H∞  robust controller with parameter fuzzification: 

*
5 4.4%δ = , *

5 4.5%ξ =  
6.In the case of given amplitude 3000, 

2400 / minr=ω , and unwinding, robust controller 
based on self-optimizing: 6 2.8%=δ , 6 2.8%=ξ ; 
H∞  robust controller with parameter fuzzification: 

*
6 4.5%=δ , *

6 4.4%=ξ  
7.In the case of given amplitude 2700 ，

2400 / minr=ω , and winding, robust controller 
based on self-optimizing: 7 2.9%=δ , 7 3.0%=ξ ; 
H∞  robust controller with parameter fuzzification: 

*
7 4.5%=δ , *

7 4.4%=ξ  

8.In the case of given amplitude 3000 ，

2400 / minr=ω , and winding, robust controller 
based on self-optimizing: 8 3.0%δ = , 8 2.9%ξ = ; 
H∞  robust controller with parameter fuzzification: 

*
8 4.3%=δ , *

8 4.3%=ξ  
 
 
7 Conclusion 
The radius and the inertia of tension systems vary 
on a large scale, changing considerably the system 
dynamics. The H∞  robust controller has shown 
good performance in robustness to radius variation 
and decoupling between speed and tension 
compared to classical PID controller. 

To further improve stability and performance a 
H∞  robust controller with parameters fuzzificaton 
was proposed, which was shown to effectively 
control tension with only static difference ratio 
3.0%  and fluctuation ratio 2.9% at the speed 
1000 / minr . While at high speed 2400 / minr , the 
tension fluctuation is hard to meet the high precise 
demands of tension systems. So the tension robust 
control strategy based on self-optimizing algorithm 
is proposed. The H∞ controller is optimized on line 
by hyper generation GA (HGGA) which reduces 
computing time. At high speed 2400 / minr , static 
difference ratio 3.0%  and fluctuation ratio 
2.9% can be obtained by the H∞ controller based on 
self-optimizing. 
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where i (i 1, ,5)L = L  is the length of two roll, 1 0 1( ) /E EA T L= + , 2 0 2( ) /E EA T L= + , 3 0 3( ) /E EA T L= + , 

4 0 4( ) /E EA T L= + , 5 0 5( ) /E EA T L= + , ,α β  are constant，0 , 1α β< <  
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