
Abstract—A robust sliding mode controller is designed for 

looper systems in hot strip mills in order to solve the problem 

of tension and height decoupling control. The original 

uncertain looper system was first transformed into a standard 

form for facilitating the design of the controller. Then based on 

the transformed system, an improved sliding mode control 

strategy is proposed. This kind of control action has robust 

performance, which is suitable for complex looper systems. For 

the particular mode, the corresponding sliding mode reaching 

condition of the controller is obtained, and gives the proof of 

stability. The design control strategy of sliding mode control 

for looper systems is introduced to decouple the system and 

improve control effect. At last, simulation results show that the 

proposed scheme can get well performance under various 

conditional.

Key words: Sliding Mode Control; Two-input Two-output 

(TITO); Looper Systems; Decoupling Control 

I. INTRODUCTION

OT strip mills (HSMs) are very complex processes. 

Recently, with increasing pressure of competition and 

the tighter market, some researches are looking for some 

new control methods to improve quality and production. A 

hot strip mill, a heated slab is rolled in roughing mills and 

finishing trains, and the rolled strip is cooled down. In the 

roughing mill, the reheated slabs are reduced to the desired 

width. The resulting sheet bar is then transported to the 

finishing mill, where it is further reduced to the final 

thickness. The resulting strip is then coiled to form the 

finished coil of steel strip [1]. 

In the finishing mill, to achieve the required reduction, 

final qualities and tolerances, several passes of rolling are 

executed by tandem rolling. Tension control is the key to the 

successful mill operations and to the successful operation of 

subsystems controlling product qualities such as gage, width 

and mechanical properties [2]. The loopers are placed 

between each rolling stands to fulfill an important tension 

control, looper tension control is important in hot strip mills 
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because they a ect the strip quality as well as strip 

threading.

Looper system has an important role on regulating the 

mass flow of the strip by accumulating and controlling the 

strip tension which influences the width of the strip. 

Moreover, design robust controller is the di cult problem 

from the interaction between looper angle and strip tension. 

Many researchers have proposed and applied a variety of 

control schemes to this control problem such as PID 

control[3], intelligent control[4], optimal control[5] and 

sliding mode control[6], [7] in the looper control system, but 

nevertheless, the increasingly strict market demand for strip 

quality requires further improvements in this control area. 

Recently, many customers of steel makers have severely 

requested to keep the product quality higher. Therefore, it is 

necessary to renew the present control systems. One of our 

challenges is to refresh looper control systems to get better 

tension control performance, sliding mode control is a 

robust performance well known for its ability to withstand 

external disturbance and parameters uncertainties, it is 

suitable to a two-input and two-output multivariable looper 

system, and many advanced control algorithms based on this 

control structure have been applied and shown to give 

improved control performance. Although several control 

schemes have been proposed for uncertain system in [8], [9], 

very few of these schemes are applicable to looper system. 

To solve the above-mentioned problems simultaneously, 

we design a robust sliding mode controller in this paper. The 

scheme can be applied to uncertain looper systems with 

disturbance. The original uncertain looper system was first 

transformed into a standard form for designing the controller. 

Then based on the transformed system, by using Ackermann 

functional approach and equivalent control law method, a 

robust controller is developed for tension control, and gives 

the proof of stability. We have shown that the proposed 

scheme have reliable asymptotic stability and robust in 

various scenarios, and can accurately track the desired value, 

ensuring proper product quality and strip threading. 

The research is organized as follows. The looper system 

dynamic model is discussed in Section . Section

presents a robust controller for a class of uncertain looper 

system. A sliding mode reaching condition is given. Section

 shows the results of simulation to demonstrate the 

performance of the proposed control schemes. Finally, we 

conclude our brief work in Section .
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II. PROBLEM FORMULATION

The mathematical mode for TITO looper system is 

proposed of some parts. A more complete dynamic model 

structure is given [7]. Also taking into account the speed 

controller in the field looper is always at the saturation point 

actually, that only the current loop plays a major role. The 

system state equation and output equation can be written as 

x t Ax t Bu t Df t

y t Cx t
                      (1) 

where nx t R , Py t R and mu t R  represent the 

system state, output and control input, ,  ,  A B C  are the 

system state matrix, control input matrix and output matrix, 

f t is the disturbance for the system, 
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In process of designing controller, we introduce the 

following assumptions imposed on system (1). 

Assumption 1:  the pair ( ,A B ) is controller, the input 

matrix B has full rank; 

Assumption 2:  the disturbance ( )f t  satisfy norm 

bounded, exist a positive constant , get ( )f t ;

The equation (1) simplified analysis will bring great 

convenience for designing sliding mode variable structure 

controller, so we do a transformation for x t  as follows: 

z t Tx t  (2) 
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So equation (1) can be rewritten as follows: 
1

1
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That is 

1 11 1 12 2 1z t A z t A z t D f t                (5) 

2 21 1 22 2 2mz t A z t A z t I u t D f t      (6) 

In what follows we will carry out the design a robust 

sliding mode controller for looper systems based on LMI 

methods which is robust to variations of parameter 

uncertainties. 

III. DESIGN OF ROBUST CONTROLLER

Since looper systems are more complex, a more practical  

approach is to design a robust sliding mode controller, which 

is capable of achieving asymptotic stability performance. 

Sliding mode control (SMC) makes systems very robust 

with respect to parameter perturbation and external 

disturbances. Switching converters constitute an important 

case of sliding mode system and different sliding mode 

strategies to control this class of circuits have been reported 

in the last years. The design of these strategies is performed 

in two steps. In the first step, we choose among different 

sliding surface that one which provides the desired 

asymptotic behavior when the converter dynamics is forced 

to evolve over it. In the second step, sliding surface is 

designed. 

A. Design Sliding Surface Using LMI 

Without loss of generality, a sliding surface functions 

according to the state estimation is defined as 

1

1

2

m

z t
s Mz t M I

z t
                   (7) 

where 1

m n m
M R  , m m

mI R  is unit matrix. 

In sliding mode, it will regard 2z t  as virtual input 

control of subsystem (11), designing state feedback: 

2 1 1z t M z t                               (8) 

By substituting Eq. (8) into Eq. (5), we obtain as follow: 

1 11 12 1 1 1( ) ( )z t A A M z t D f t                 (9) 

where uncertainties f t  satisfied unmatched condition, 

but f t  is affected on the state of the system, when the 

system is stable when the interference is zero for practical 

looper system in the paper. The pair ( ,A B ) is controller, so 

11 12( , )A A  is controllable, we will recur to pole assignment 

method to find out the matrix 1M , which can make the 

system stabilization.  

B. Designing Sliding Mode Control Law 

In the previous section, the designed sliding mode surface 

can guarantee the asymptotic stability of the system in terms 

of LMI; next, we need find feedback control law u to drive 

state trajectories of the system onto the sliding surface. The 

designed control law can satisfy the reaching condition. 

Theorem 2: For uncertain systems (5) and (6), sliding 

mode function (7) is selected; sliding mode control law is 

chosen as follow. 
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    (10) 

 where 1  and 2  are both greater than zero, which is able 

to satisfy reaching condition 0Ts s  for system with any 
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state, if and only if 0s , 0Ts s .The system will reach to 

sliding  mode surface. 

Proof By substituting equation (10) into sliding mode 

reaching condition: 

1 11 1 2 12 2 21 1 22 2
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Sliding mode reaching condition is satisfied. 

In a word, the control law (10) can compensate for the 

disadvantageous effect of disturbance, which can drive 

system state trajectories to arrive at the switch band in limit 

time. Also, the control law can guarantee that the looper 

system satisfies the sliding mode reaching condition. This 

completes the proof. 

IV. SIMULATION RESULTS

In this section, the dynamic simulation model was 

designed according to the previous sections and following 

the standard literature on rolling mills. Model parameters 

were obtained based on [7].

The looper height and tension control system are seen as 

two separate systems to design controller. If we study a 

looper height system, tension coupling is known as a 

perturbation, and study a tension system, looper height is 

known as a perturbation. So we design sliding mode 

controller for two systems, respectively, the purpose of 

decoupling is come true. 

By ignoring the small higher order terms items, combined 

with engineering practice, the establishment of the following 

type state equations are give. 
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where 1 3 2 17.7279 ,  2.7572f x f x , 1x and 3x represent

looper angle variation and strip tensile stress 

variation 3 , 10= , 5sin(4 )t , 3 1Mpa .

We do a transformation for x t  using Eq.(4), we choose 

the sliding mode function (7), equation (9)and control 

law(10), employing the method of pole placement, using 

Ackermann formula and the same pole value, finally we 

obtain  sliding mode surface function and control law. For 

alleviating chattering phenomena caused by the sliding 

mode control, we will introduce an approximation 

sgn
s

s
s

where 0.01 .

In this simulation, we will draw the designed sliding mode 

controller about the performance and surface function under 

the variations of network looper system parameters. The 

simulation results are showed in Fig.1, Fig. 2 and Fig3. 
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Fig. 1 The looper height response curves 
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Fig.2  The looper tension response curves 

1302 2011 Chinese Control and Decision Conference (CCDC)



0 2 4 6 8 10
-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

Time/s

s1

s2

Fig.3  The variation curves of sliding mode surface function 

We can see that the design controller can obtain fast and 

stability responses for the looper height from Fig. 1. Fig. 2 

gives the trajectory of the looper tension state. We can 

obtain the system states are asymptotically stable. 

Simulation results are given to illustrate the feasibility of the 

presented method. At last, sliding mode surface function 

curves are given under the design controller from Fig.3. 

V. CONCLUSIONS

For a class of uncertain looper system of hot strip rolling 

mill, a robust sliding mode controller is designed by using 

the Ackermann functional approach and equivalent control 

law method. Under the conditions that parameters 

uncertainties and disturbance exist in systems, robust 

controller was designed, which made looper systems good 

characteristics such as perfect robust stabilization and strong 

disturbance attenuation, it has good decoupling effect, and 

gives the proof of stability. At last, simulation results 

comparing with traditional sliding mode controller are 

presented to illustrate the validity of the proposed method. 

REFERENCE

[1] G.A. Byoun, H. P. Sung and Y K Baek, “Tension control system for 

hot strip mills,”  in Proceedings of IEEE International Symposium on 

Industrial Electronics, Pusan, Korea, vol. 3, pp.1452-1457, 2001. 

[2] A. Kazuya, Y. Kazuhiro and K. Takashi, “Hot strip mill 

tension-looper control based on decentralization and coordination,” 

Control Engineering Practice, vol. 8, pp. 337-344, 2000. 

[3] J. P. Cheol, M. L. Duk and G. C. Seung, “ Development of fuzzy PID 

control system for hot strip finishing mill,” in Proceedings of 27th 

Annual Conference of the IEEE Industrial Electronics Society, Denver, 

USA, pp. 787-791, 2001. 

[4] G. Li, F. Janabi-Sharifi, Fuzzy looperless tension control for hot strip 

rolling,” Fuzzy Sets and System, vol.160, pp.521-536, 2009. 

[5] M. Okada, K. Murayama and A. Urano, “Optimal control system for 

hot strip finishing mill,” Control Engineering Practice, vol.6, pp. 

1029-1034,1998. 

[6] F. Riccardo, A. C. Francesco and P. Thomas, “Friction compensation 

in the interstand looper of hot strip mills: a sliding-mode control 

approach,”Control Engineering Practice, vol.16, pp.214-224, 2008. 

[7] C. N. Tong, Y. K. Wu, L. M. Liu and J. Y. Li, “Modeling and integral 

variable structure control of hydraulic looper multivariable system,” 

Acta Automatica Sinica, vol.34, no.10, pp.1305-1311, 2008. 

[8] J. Lian, J. Zhao, “Robust H  control of uncertain switched systems: a 

sliding mode control design,”Acta Automatica Sinica, vol.35, no.7, 

pp.965-970, 2009. 

[9] M. Roopaei, M. Z. Jahromi, “Chattering-free fuzzy sliding mode 

control in MIMO uncertain systems,” Nonlinear Analysis, vol.71, 

pp.4430-4437, 2009. 

2011 Chinese Control and Decision Conference (CCDC) 1303



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


