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Abstract: The present paper presents control of dead time processes using Sliding Mode Controller 

(SMC) in a Modified Smith Predictor (MSP) structure. The SMC working principle relies on the reaching 

phase and the sliding phase where the tuning parameters KD  and δ play major roles in the speed, 

overshoot and chattering effects. Here in this paper, model based tuning rule is used to modify the KD 

rule/equation and is implemented to different processes with modified smith predictor (MSP) structure to 

counteract the constant load disturbance for an integrating process. It has been found that the proposed 

MSP-SMC combination provides improved performance and robustness behavior. The analyses are done 

for servo and regulatory response cases. Moreover, the robustness and invariance property of the SMC 

has been analyzed against parametric uncertainty and other various disturbances (noise). The results 

obtained are compared with that of available methods. 
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1. INTRODUCTION 

Dead time is a very common occurrence in most of the 

industrial chemical processes due to transportation lag in 

pipeline, time lag during computation or any other. The 

desired closed loop performance utterly degrades if the 

process has relatively large dead time compared to dominant 

time constant. Estimation of dead-time poses uncertainty 

giving rise to model-uncertainty. Hence the control of dead 

time process is a challenging task. In earlier days, 

conventional PID controllers were used in controlling the 

processes with small dead time. However, Smith in 1957 

proposed that the Smith predictor (SP) structure for dead time 

compensation processes with long time delay, but the 

structure was not applicable for integrating systems as it 

results in constant offset due to load disturbance [1]. Hence 

many MSP structures are proposed for dead time and 

integrating processes to overcome the steady state errors [2]. 

Many other researchers [3] [4] [5] [6] [7] have designed 

modified Smith predictor for improving the performance of 

the closed loop system using PID or IMC controllers. Later 

various researches tend towards implementing the feature of 

both the Smith predictor and the cascade controller were 

designed for improved closed loop performance and fast 

rejection of disturbance [8], [9]. Smith predictor is basically a 

model-based structure hence it is affected by parametric 

uncertainties. These IMC-PID controller parameters rely on 

the process parameters which are obtained from identification 

of model. There might be modelling errors due to parametric 

uncertainties or due to unmodelled dynamics. These 

uncertainties affect the performance of the controller 

drastically. In order to assure finite time stability of the 

closed loop system, there is a need for Sliding Mode 

Controller, a robust controller insensitive to uncertainties.            

 Sliding Mode Controller is a variable structure controller 

designed for linear and non-linear systems [10] [11] [12]. In 

the literature work of Sliding Mode Controller Oscar 

Camacho and Ruben Rojas has done an extensive work on 

SMC for stable, unstable, integrating and inverse processes 

for SISO and MIMO system [13] [14] [15] [16] [17]. Sliding 

Mode Controller was designed using the empirical lower 

order models mostly by a FOPDT system which contained 

uncertainties due to unmodelled dynamics due to 

linearization of the nonlinear system. All the works had 

shown improved performance and the robustness. To enhance 

the performance of the integrating system with dead time, 

Camacho and Cruz [18] [19] had proposed a Modified Smith 

predictor using Sliding Mode Controller for elevated dead 

time. 

The tuning parameters KD  and  play a vital role in SMC 

with regard to speed, overshoot and chattering. This insight 

has urged to improve the MSP-SMC with the modification in 

the KD parameter which is the sole responsible in bringing the 

states from initial states to the sliding surface. Hence in this 

paper, a modified KD law/equation has been proposed for 

SMC combined with MSP structure. Thus, by changing only 

the KD equation the performance has been improved 

considerably. The modified equation has also been tested to a 

IFOPDT process 

The paper is organized as follows, section 2 explains the 

mathematical formulation of the SMC control law and the 

tuning parameters of IFOPDT process. Section 3 discusses 

the results for IFOPDT. The performances with proposed 

control law are compared with that of other available 

controllers in terms of servo and regulatory performances and 

robustness. 
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2. MATHEMATICAL FORMULATION OF SLIDING 

MODE CONTROL LAW IN MSP STRUCTURE 

The formulation of the control law of the SMC in an MSP / 

SP structure for IFOPDT process is analyzed below. 

Let’s consider an IFOPDT type of process. 

The transfer function of an IFOPDT system is given as in 

equation (1) 

( )
( )

( )
( ) 1

pD s

P
P

P

K eY s
G s

U s s s

−

= =
+

    (1) 

The transfer function of the model Gm(s) without dead time in 

the MSP structure is given as, 
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Equation (8) is simplified in differential form as, 
2
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On taking inverse Laplace transform, 
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In the first step as discussed before in the design of Sliding 

Mode Controller is to select the sliding surface. In the 

IFOPDT system considered, the order of the system n=2. The 

sliding surface in equation (5) is designed for the process 

model taken here. 
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The equation (7) is the sliding surface S(t) which is in the 

form of PID. Next is to design the control law consisting of 

continuous and discontinuous parts. In order to obtain that, 

the control law should satisfy the sliding condition. 

 

Thus, to obtain the continuous part of the controller, 

differentiate equation (7) and equate to zero.  
2
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The error signal e(t) is given as e(t) = R(t)-X1(t). Substituting 

in equation (8) we get 
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Differentiation of R(t) is ignored since it’s a constant value, 

Hence  
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  Substituting equation (4) in (10) we obtain, 
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              Thus equation (12) obtained is the continuous part of 

the controller. The discontinuous part of the controller is 

given in equation (13). Thus, the combined control law can 

be written as, 
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   with the sliding surface S(t) defined as, 
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Modified KD equation: 

In the proposed method the KD equation has been 

modified. It is stated that the KD value is inversely 

proportional to the ultimate gain and the gain of the process. 

This equation is obtained by checking the performance for 

nominal cases of IFOPDT processes with different 

controllability ratios (CR) by changing the KD values and 

hence the  values. In order to improve the robustness in 

terms of parametric uncertainties of the system the 

factor
i

m

τ

λ +D

 
 
 

 has been multiplied with the proposed KD 

equation.  

[For IFOPDT]: 
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Thus, the KD equation for the IFOPDT are stated and the 

results are verified. It can be seen that the peak overshoot has 

been reduced by adding a set point filter for which the filter 

time constant 
f  is equal to the process time constant 

p  

[21]. The tuning parameters proposed by Camacho (2004) 

and that the modification of KD equation proposed in this 

paper are tabulated in Table 1 [22]. 

 

4. RESULTS: 

The MSP-SMC structure is implemented for IFOPDT 

process 

 

Case 1: In case 1 an IFOPDT model structure 

has been considered which has a 
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Controllability Ratio (CR) =2 [18]. The tuning parameters 

given by Camacho (2004) are obtained as =1.333,  

=0.222, =0.4429,  = 1.5017. The value by the 

proposed method is =26.40,  = 9.8111. The performance 

measure for the proposed method and the Camacho’s method 

are tabulated in Table 2 and 3. The setpoint and regulatory 

responses are depicted in Figures (1) and (2). 

 

Table 1 Tuning parameters of MSP-SMC control law 

PROPOSED METHOD 

 

 

MODIFIED SMC TUNING PARAMETER 
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 obtained by Laurent’s method of tuning PID 

parameters. 
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The performance measures for the proposed method are IAER 

=10.33, IAEL =7.46 and that of the Camacho’s (2004) are 

IAER = 13.55, IAEL =10.55. Moreover, the peak overshoot 

has been efficiently reduced by means of a set point filter 

with its filter constant equal to the time constant of the 

model. Also, when disturbance of L=0.1at t=50sec. has been 

introduced to the process the proposed method has rejected 

the disturbances efficiently. The robustness of the proposed 

method in terms of dead time is 20% of Dp and -20% of Dp. 
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Figure 1 Servo response of IFOPDT process 
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Figure 2 Regulatory response of IFOPDT process. 

 

Table 2: Servo response performance measures of IFOPDT 

Servo Response 

Camacho’s method Proposed method 

IAER POR% IAEL POL% 
13.55 15.13 10.33 6.06 

 

Table 3: Regulatory response performance measures of 

IFOPDT 

Regulatory Response 

Camacho’s method Proposed method 

IAER POR% IAEL POL% 
10.55 6.06 7.46 58.55 

 

 

5. CONCLUSION 

In this paper, a novel sliding mode controller (SMC) has been 

designed for IFOPDT type model structure and is 

implemented in modified smith predictor structure. The SMC 

control law has two parts, continuous and discontinuous. The 

discontinuous part is governed by a use defined parameter, 

KD, which has been designed to provide a faster and stable 

closed-loop response. It has been found that tuning 

parameters KD  and  are able to control the speed, overshoot 

and chattering of the response. Present algorithm is 

implemented on IFOPDT to study their performances and has 
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been found to be satisfactory. The performances have been 

compared with available literature.    
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