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ABSTRACT: In this paper a new approach of designing the Sliding Mode Controller (SMC) for large scale 

discrete time systems is attempted. The SMC is designed via a new low order optimized model for a given 

dynamic system. In the proposed optimization method, the numerator coefficients are obtained using 

Interpolation criteria while the denominator polynomial is obtained by using, one of the stability preserving 

methods, the Routh method. An optimized reduced order model is derived with minimum ISE. Further, it has 

been observed that the sliding mode control designed for the dynamic system improves the performance of the 

controlled system. 
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I. INTRODUCTION 

 In dgital SMC, the control input is held 

once in every sampling interval and is kept constant 

during this period. Owing to the finite sampling 

frequency, the state trajectory of the discrete time 

system may not move along the sliding surface but 

may yield a quasi sliding mode motion. In spite of 

analysis and design complexity, the SMC has 

several advent features over other conventional 

controllers for dynamic non-linear systems. A single 

sliding surface caters for the analysis of number of 

uncertainties.  

 In the literature [1-3,7-9] useful order 

reduction techniques in the frequency domain for 

linear continuous systems are available. Some stable 

mixed methods [2,5,9] have been playing vital roles 

in model reduction that overcome the instability 

problems associated with the reduced order models.  

SMC is one of the robust variable structure 

controllers with adaptive nature that finds major 

place in aero space technologies and unmanned 

aerial vehicles [4,6,10]. A reduced order based SMC 

attributes its results for the better performance of 

large scale non linear systems. 

 An optimum dynamic model is built in this 

paper by varying the interpolation points that lead to 

the design of SMC. 

 

Reduction Procedure 

Consider an n
th 

order linear time invariant discrete 

system represented by 
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By applying transformation, the transfer function of 

a higher order system be represented by [6], [7] 
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Where di, i=0, 1… n-1and ei, i=0, 1… n are 

constants. 

For the high order system a reduced kth order model 

is proposed as given below,  

 
 

Where the ai, i=0, 1… k-1 and bi, i=0, 1…. k are 

constants.  

By applying inverse transformation, the k
th 

order 

reduced model as given, 

 

 
 

Reduced order denominator: 

 Step 1: The denominator b k (s) of reduced 

model can be obtained from the Routh Stability 

array of the denominator of the original system as 

given below:  

The Routh table for the denominator of the system is 

given below: 
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 b k (S) may be easily constructed from the 

(n+1-k)
 th

 and (n+2-k) 
th

 and (n+2-k) 
t h

 rows of the 

above to give 
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Reduced order numerator: 

 Step 1: Choose 2k point‟s s0, s 1 … s2k-1, s2k 

 C (they can be multiple) from the location of the 

poles of the original systems and obtain g(s) as 

given below:
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Step 2: Compute dn(s)bk(s) and en(s)ak(s), 

respectively, 

....

,

,

.....

)...()...()()(

0110

)0(

1

00

)0(

0

)0(

0

)0(

1

1)0(

1

00

1

1

dbdbc

dbc

cscsc

bsbdsdsbsd

nk

nk

k

k

n

nkn

















 

,

...

)...()...()()(

,

)0(

0

)0(

1

2)0(

2

1)0(

1

0

1

10

,1

)0(

1

112

)0(

2

dsd

sdsd

asaesesase

and

dbc

dbdbc

nk

nk

nk

nk

k

k

n

nkn

nknk

nknknk



























 

.1

)0(

1

,21

)0(

2

0110

)0(

1

00

0

0

....

,

nknk

nknknk

ead

eaead

eaead

aed













 

Step 3: Divide )()( sbsd kn by g (s) to get f(s):  

 
 

Thus get the recursive relations:
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Divide )()( sase kn by g (s) to get h(s): 

 
 

Thus get the recursive relations: 
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 When k <0, let go=0. In the above the 

recursive relations, the superscript n in 
)(n

ic

represent the coefficients which are obtained after 

carrying out the algorithm n steps. And the subscript 

„i‟ in 
)(n

ic represents the corresponding degree about 

the variables. 

Step 4: By using the basic theorem of algebra, it is 

obtained that [1], 

).()( shsf   

It is found that the coefficient of each term in f(s) in 

is the linear combination of 121,0 ...., kaaa and the 

coefficient of each term in h(s) is the linear 

combination of ....,, 1210 Kbbb  

            A linear system with 2k+1 unknowns and 2k 

equations is formed assuming 1kb thus, the 

reduced model is obtained as given equation (2). 

 

II. DESIGN OF SLIDING MODE 

CONTROLLER 
 The design of sliding mode controller 

involves designing a switching surface s(k)=0 to 

represent a desired system dynamics which is lower 

order than the given plant and then designing a 

suitable control, such that any state of the system 

outside the switching surface is driven to reach the 

surface in finite time. 

Consider the n-th order, m-input discrete-time LTI 

system  
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Let, the system be transformed into normal form 

through a transformation )()(
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 A sliding surface is designed; the reaching 

law based sliding mode control based by Gao et. 

al[5], aims at designing a control so as to satisfy the 

reaching condition given as  

))(sgn()()()1( ksksqksks T   

 Where r>0, is a sampling interval of the 

discrete time system, q>0 is a control parameter that 

satisfies the condition 1-qґ>0. A reaching law based 

discrete time control law has been derived in [5] for 

an LTI system in equn. (6) And stable sliding 

surface S (k) =c
T
 x (k) =0, to be of the form  
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 The inequality for (1-qґ>0) must hold to 

guarantee the stability of reaching phase of the 

closed loop system. This implies that the choice of 

ґ>0 is restricted. Also the presence of the signum 

term guarantees that once the trajectory has crossed 

the switching plane the first time, it will cross the 

plan again in every successive sampling period 

resulting in a zigzag motion [9].   

 

III. NUMERICAL EXAMPLES 

Example 1:   Consider the 8
th

 order discrete time 

system as follows: 
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 An optimum second order reduced model is 

obtained for the above higher order system by using 

the proposed method as,  
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From section-3; the values ofc
T
, q and ε are of the 

SMC for the low order model is obtained as given 

below:  

 c
T
= [0.2301 -0.1470] and controller parameters q=2 

and ε=0.05. The discrete time control law is derived 

as given in equn., (7). 
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The step response of the sliding mode controlled 

higher order system is shown in fig.1 

 

 

 

 
Fig 1: step response of the controlled system 

 

Example 2:   Consider the 5
th

 order discrete time 

system as follows: 
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An optimum second order model is,
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A discrete time sliding mode control designed for 

the reduced order system as given in equn., (7). 
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In the given fig.2, steps response of the SMC higher 

order system. 
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Fig 2: step response of the controlled system 

 

 

IV. CONCLUSION 
 A new method for designing discrete-time 

sliding mode control for higher order system is 

presented via a new low order optimized model.The 

new proposed low order model is based on 

optimising the interpolation points that yields a 

better stable approximation. This method has been 

tested on two numerical examples chosen from the  

 

literature and the step responses of the original, 

reduced and controlled system are compared. The 

results were observed to be satisfactory. 
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