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ABSTRACT 

This paper presents a principle for the design of a sliding 

mode controller. Sliding Mode is based on Reaching law 

includes reaching phase and sliding phase. This controller can 

be implemented on a nonlinear plant to make it work as a 

slightly linear plant. This is done by using implementing the 

equations of controller into the Simulink model to obtain the 

controlled output.   
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1. INTRODUCTION 
Interests in the sliding mode controller is being increased now 

a days among the researchers in control system engineering. 

These controller are being implemented on to the non-linear 

systems in order to make them work like a linear systems for a 

slight duration of consideration. SMC are used for 

underactuated systems basically [1],[2]. 

Control researchers have given considerable attention to many 

examples of control problems associated with underactuated 

mechanical systems and different control strategies have been 

proposed. Use of decoupling algorithm to design the different 

controllers for underactuated systems has given satisfied 

results in researches. [2] 

The variety of application of SMC controllers is very wide 

due to its robustness, associated to disturbance rejection 

capacity and simplicity [3]. SMC is a robust method for the 

systems which possesses some non-linearity owing to 

dynamic response and is being used in converters for many 

years [4]. SMC based controller technique is applied to buck 

boost and Cuk converter circuits in [5, 6, 7].  

In [8], a sliding mode controller is combined to a Kalman 

filter in a three phase unity power factor rectifier. On the other 

hand, the discrete time sliding mode approach is very 

attractive due to the possibility of easy implementation in 

digital controllers, and this approach has been developed by 

several researchers [9],[10],[11]. In literature, some authors 

have reported the use of higher order sliding mode controllers 

for different machines [12],[13],[14],[15],[16],[17]. While 

most of this work used SMC as an observer [12],[13],[14], the 

authors in [15],[16],[17] used SMC as a controller. 

In this paper, the approach to implement a SMC controller on 

a plant is provided. The results of the controller on the plant is 

obtained on the MATLAB platform. The coding and the 

simulation, both the techniques are used for obtaining these 

results and the same is shown in this paper. It is compulsory 

for the sliding mode controller to satisfy the Lyapunov 

equation i.e. Lyapunov function and the matrix used in this 

process must satisfy the Hurwitz matrix else we will never get 

the stable results. Section II is giving the general design of a 

SMC controller and then Section III is adding the reaching 

law to the general model of SMC controller. The equations 

obtained in these two sections are put into an example in 

section III to obtain the required of sliding mode controller 

based on reaching law. 

Sliding Mode controllers are well known for their robustness 

and stability. The nature of the controller is to ideally operate 

at an infinite switching frequency such that the controlled 

variable scan track a certain reference path to achieve the 

desired dynamic response and steady-state operation [18]. 

This requirement for operation at infinite switching frequency, 

however, challenges the feasibility of applying SM controllers 

in power converters. This is because extreme high speed 

switching in power converters results in excessive switching 

losses, inductor and transformer core losses, and 

electromagnetic interference (EMI) noise issues [19]. Hence, 

for SM controllers to be applicable to power converters, their 

switching frequencies must be constricted within a practical 

range. Nevertheless, this constriction of the SM controller’s 

switching frequency transforms the controller into a type of 

quasi-sliding-mode (QSM) controller, which operates as an 

approximation of the ideal SM controller. The consequence of 

this transformation is the reduction of the system’s robustness. 

Clearly, the proximity of QSM to the ideal SM controller will 

be closer as switching frequency tends toward infinity. Since 

all SM controllers in practical power converters are 

frequency-limited, they are, strictly speaking, QSM 

controllers. For brevity and consistency with previous 

publications, the term SM controller will be used in the 

sequel. 

Due to the widespread use of computers in control systems, 

discrete-time SMC has received a great deal of attention in 

recent years, and some important results have been obtained 

[20]–[25]. It should be noted that, in general, the discrete 

SMC cannot be easily obtained from its continuous 

counterpart by means of simple equivalence. Instead, in the 

case of discrete time systems, the quasi-sliding mode and the 

quasi-sliding mode band were defined and a discrete-time 

reaching law was proposed in [20]. In [21], some new 

discrete-time quasi-SMC strategies were proposed based on a 

modified reaching law. Recently, the notions of both quasi-

sliding mode and the reaching condition were redefined in 

[24], where a quasi-sliding mode controller was also designed 

for systems with external disturbances via a new reaching law. 

More recently, there have been some other investigations of 

discrete-time SMC, such as systems with state/input delay 

[23], networked control systems [26], [27], and so on. It 

should be pointed out that the aforementioned results on 

discrete-time SMC have been developed under the assumption 

that all the internal plant states are available for control 

implementation. However, for many practical applications, it 

is impossible or prohibitively expensive to measure the full 

state information and only the output is accessible. In this 
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circumstance, it is meaningful to design sliding-mode 

controllers based on output information alone, and many 

works have explored the development of sliding-mode output 

feedback control, which can be seen in [28] and [29] and the 

references therein. Among the existing output feedback 

control approaches, the static output feedback control appears 

to be the simplest and cheapest approach. Some examples of 

investigation on static output feedback SMC strategies can be 

found in [30]–[32].  

2. DESIGN OF SMC 
Consider a plant as: 

𝐽𝜃  𝑡 = 𝑢 𝑡 + 𝑑(𝑡)  (1) 

Where, 

  J → moment of inertia 

  𝜃  𝑡  → Angle signal 

  𝑢 𝑡  → Control input 

  𝑑(𝑡 ) → Disturbance  

Design the sliding mode function as: 

𝑠 𝑡 = 𝑐𝑒 𝑡 + 𝑒 (𝑡)  (2) 

Where c must satisfies Hurwitz condition, c>0 

Tracking error and its derivative value is 

𝑒 𝑡 = 𝜃 𝑡 − 𝜃𝑑(𝑡), 

𝑒  𝑡 = 𝜃  𝑡 − 𝜃𝑑
 (𝑡) 

Where, 𝜃𝑑
 (𝑡)is the ideal position signal. 

To satisfy the conditions of sliding mode controller, we must 

satisfy the position tracking error and speed tracking error 

tends to zero as time reaches to ∞. While doing so we must 

put s(t)=0.  

From eq. (2): 

𝑠 𝑡 = 𝑐𝑒 𝑡 + 𝑒  𝑡  

Which give →           𝑠  𝑡 = 𝑐𝑒  𝑡 + 𝑒 (𝑡) 

= 𝑐𝑒  𝑡 + 𝜃  𝑡 − 𝜃𝑑
  𝑡  

= 𝑐𝑒  𝑡 +  
1

𝐽
(𝑢 𝑡 + 𝑑(𝑡))  − 𝜃𝑑

  𝑡         (3) 

The we have: 

𝑠𝑠 = 𝑠(𝑐𝑒  𝑡 +  
1

𝐽
(𝑢 𝑡 + 𝑑(𝑡))  − 𝜃𝑑

  𝑡 ) 

To guarantee 𝑠𝑠 < 0, design the sliding mode controller as: 

𝑢 𝑡 = 𝐽(-𝑐𝑒  𝑡 + 𝜃𝑑
  𝑡 −

1

𝐽
(𝑘𝑠 + 𝑁𝑠𝑔𝑛𝑠) (4) 

Design the Lyapunov function as: 

V=
1

2
𝑠2 

We obtain: 

𝑉 =  𝑠𝑠 =s(−𝑘𝑠 −
1

𝐽
𝑁𝑠𝑔𝑛𝑠 +

1

𝐽
𝑑(𝑡)) 

=
1

𝐽
(−𝑘𝑠2 − 𝑁 𝑠 + 𝑠𝑑(𝑡) 

<=
1

𝐽
𝑘𝑠2 

Then we have: 

  𝑉  < = 
1

𝐽

𝑘𝑠2 

Hence, if we put k as positive constant value then V (t) will 

tend to zero exponentially with k value and sliding mode 

controller will be formed. 

3. SMC MODEL ON REACHING LAW  

Sliding mode controller based on reaching law include 

reaching phase and sliding phase. The reaching phase drive 

system to stable manifold, the sliding phase drive system slide 

to equilibrium. Figure 1.1 is showing the idea of sliding mode 

using the reaching law more clearly. 

 

Figure 1.1 The Idea of Sliding Mode Control using 

reaching law 

Consider the plant as: 

𝑥  𝑡 = 𝑓 𝑥, 𝑡 + 𝑏𝑢 𝑡 + 𝑑(𝑡)  (5) 

Where, 𝑓 𝑥, 𝑡  & 𝑏are known parameters and d(t) is the 

unknown disturbance: 

Design the sliding mode function as: 

𝑠 𝑡 = 𝑐𝑒 𝑡 + 𝑒 (𝑡)  (6) 

 c is satisfying Hurwitz. 

Tracking error and derivative value is: 

e = 𝑥𝑑 − 𝑥1 

𝑒 =  𝑥𝑑 − 𝑥1  

Where, 𝑥1 = 𝑥 𝑎𝑛𝑑 𝑥𝑑 is the ideal position: 

Then we have, 

𝑠  𝑡 = 𝑐𝑒  𝑡 + 𝑒 (𝑡) 

𝑠  𝑡 = 𝑐 𝑥𝑑 − 𝑥1  + (𝑥𝑑 − 𝑥 ) 

From eq. (5): 

𝑠  𝑡 = 𝑐 𝑥𝑑 − 𝑥1  + (𝑥𝑑 − 𝑓 − 𝑏𝑢 − 𝑑) (7) 

Adopting the condition of exponential reaching law, we have: 

𝑠  𝑡 = −𝑁𝑠𝑔𝑛𝑠 − 𝑘𝑠   (8) 

Where, -ks is an exponential term with s= s(0)𝑒−𝑘𝑡and –

Nsgns is a constant term. 

From eq. (7) & (8): 
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𝑐 𝑥𝑑 − 𝑥1  +  𝑥𝑑 − 𝑓 − 𝑏𝑢 − 𝑑 = −𝑁𝑠𝑔𝑛𝑠 − 𝑘𝑠      
(9) 

From eq. (5) & (9), SMC may be designed as: 

𝑢 𝑡 =
1

𝑏
(𝑐 𝑥𝑑 − 𝑥1  +  𝑥𝑑 − 𝑓 − 𝑏𝑢 − 𝑑 + 𝑁𝑠𝑔𝑛𝑠 + 𝑘𝑠) 

(10) 

All the quantities in this equation except for d(t) are known. 

Now putting eq. (10) in eq. (7) we get: 

𝑠  𝑡 = −𝑁𝑠𝑔𝑛𝑠 − 𝑘𝑠 − 𝐷𝑠𝑔𝑛𝑠  (11) 

Where, D is the overall disturbance. Then: 

𝑠𝑠  𝑡 = 𝑠(−𝑁𝑠𝑔𝑛𝑠 − 𝑘𝑠 − 𝐷𝑠𝑔𝑛𝑠) 

= −𝑘𝑠2 − 𝑁 𝑠 − 𝐷 𝑠   (12) 

Using the Lyapunov function from section II of this paper: 

V=
1

2
𝑠2 

Then we get: 

𝑉 =  𝑠𝑠  𝑡 = −𝑘𝑠2 − 𝑁 𝑠 − 𝐷 𝑠  

Which definitely gives: 

𝑉 𝑡 ≤ 𝑒−2𝑘𝑡𝑉 0 .   (13) 

And hence, we can see that the sliding mode function 𝑠(𝑡) 

will tends to zero exponentially with k value. 

4. SIMULATION EXAMPLE 
Consider the plant as: 

𝑥  𝑡 = 𝑓 𝑥, 𝑡 + 𝑏𝑢 𝑡 + 𝑑(𝑡)  (5) 

With following parametric values: 

f  = -25𝑥 ,  

b = 133 

Initial states as [-0.15 0.15] 

c=15 

N=0.5 

k=10. 

D=10.1 

These values are put into the given system and in the required 

equations of the section II and section III of this paper. Then 

by using the MATLAB coding skills two different .m files are 

made up into the MATLAB platform. One is for the controller 

and other .m file is for the plant. 

Both the files then transcribed into the SIMULATION block 

of the MATLAB platform.  

In Fig. 1.2 the same simulation block is shown. The 

Controller and Plant block shown here are inscribed with 

MATLAB coding / programming of SMC controller’s 

equations and TORA system’s equations respectively. 

 

 

Figure 1.2 Block Diagram of Simulation Model used 

As we can see easily in the block diagram, 3 different output 

plots are shown. 

Fig. 2 is showing the output plot of Phase trajectory of the 

controller. It is actually the combined plot of error e and its 

derivative 𝑒 . The graph I showing a straight line formed by 

the error function of the SMC controller before entering into 

the sliding surface. 
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Fig.2 Phase Trajectory of the Sliding Mode Controller 

Figure 3 is all about the tracking of speed and position of the 

controller parameters. As we can see in the block diagram, the 

output of the plant is sent to the Mux for the comparison and 

the output purposes. There the tracking of speed and position 

is made possible. 

 

Fig.3 Position and Speed Tracking 

Figure 4 is showing the controlled input of the plant which is 

actually the ouput of the controller. This control input is 

showing the reaching range of the contoller parameter. In this 

figure the reaching law is actually verified by the SMC 

controller. 

 

Fig.4 Control Input to the plant 

5. CONCLUSION 
After observing the results, we are quite clear about the fact 

that the gain k plays an important part in the stability and 

working of a controller. The figures are showing the results of 

the SMC on the given plant and also verifying the reaching 

law condition as the controller is implemented on the given 

system within the reaching phase and the sliding phase. These 

implementations are done with the help of mathematical 

calculations shown in second and third sections of this paper. 

Hence, the implementation of Sliding Mode Controller using 

reaching law on a plant is verified. 
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