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Abstract 
Aiming at the inaccurately modeling and some uncertain existing in servo system seriously 

affected the control quality and the instability problem, sliding mode control algorithm with improved 
reaching law is proposed in this paper. The improved reaching law is used to weaken the chattering 
problem existing in the sliding mode control. Also the kalman filter is used to inhibit the interference, which 
make the servo system have strong anti-interference ability and the ability of weakening the chattering 
problem existing in the sliding mode control. The simulation results show that the algorithm can effectively 
inhibit the external disturbance and noise existing in the system, and make the system have strong anti-
interference ability. At the same time, the chattering also is obviously inhibited, and the method makes the 
system stability and control quality been further improved. 
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1. Introduction 

Train control system, abbreviated as TCS and its task is to control the velocity [1] and 
the distance [2] between trains in the railway and to protect the safe and high efficiency of train 
running [3, 4]. The train position is very important in the TCS simulation environment. An ideal 
TCS testing and simulation platform should simulate the real railway operating environment and 
study the TCS theory. In testing and simulation platform, different people have the different 
concern about the train, such as the policymaker and researcher, etc. Therefore, the 3D 
visualization of train can be separated two aspects. 

Sliding mode variable structure control is a special nonlinear control method, which is 
actually the discontinuity of control. The control strategy is different from other control method, 
because the structure of system is mainly unfixed, but the system can be changed in the 
dynamic process according to the current state of the system which is changed by some 
destination. And the method makes system move according to the state trajectory of sliding 
mode. Because the sliding mode can be designed and has nothing to do with the object 
parameter and disturbance, which makes the variable structure control have quick response, 
and be not sensitive to  the disturbance and parameter change [1]. But due to the influence of 
factors such as time delay switch, spatial lag switch and the system inertia [2], it is difficult for 
the system to strictly sliding along the sliding mode for the balance, but crossing back and forth 
on both sides of the sliding mode surface to produce chattering. Due to vibration, it is easy to 
motivate the high frequency modeling dynamic in the system, and damage the system 
performance. In order to weaken the chattering of the system, Gao Weibing proposed the 
reaching law to weaken chattering problem produced by variable structure control. The paper [3] 
designed a variable structure controller with a filter, which can effectively eliminate the 
chattering of control signal. With the development of artificial intelligence, scholars have put 
forward the method based on artificial intelligence to solve the chattering problems existing in 
the sliding mode control, Such as the fuzzy method, neural network method; Genetic 
optimization algorithm, etc. [1]. 

This paper has proposed a sliding mode control algorithm with improved reaching law 
and kalman filter technology for the DC servo system, which can make the system have fast 
tracking performance and improve the ability of weakening the chattering. The simulation results 
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show that the proposed control scheme can effectively improve the dynamic characteristic of the 
system, and has strong anti-interference ability and weaken the chattering ability. 

 
 

2. System Description  
2.1. Mathematic Model 

With the development of the modern industry, DC motor is used as the Executive 
Termination for the servo system widely. The mathematical model of the magnetic brushless DC 
motor is established based on the working principle of magnetic brushless DC motor [4]. The 
working principle and the equivalent circuit diagram of DC motor was depicted in the following 
figure (entitled Figure 1). 

 
 

 
Figure 1. Working principle and the equivalent circuit diagram of DC motor 

 
 

From the working principle of magnetic brushless DC motor, we can obtain the voltage 
balance equation of DC motor armature circuit: 
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The DC motor’s dynamic equation of is given as follows: 
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     In the Equation (2), the parameters aR is the loop resistance， aI is  the loop current，

aE is the induction electromotive force， aU is the voltage of the circuit， EC is the electromotive 

force constant， n is the motor’s speed， EK is the electromotive force which is produced by unit 

speed. 
    Balanced equation of electrodynamics is as follows: 
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(3) 

 

Where eT is the instantaneous electromagnetic torque， LT is the load torque， B is 

damping coefficient， J is the moment of inertia， TK is torque constant. 

Assuming the initial conditions is zero, the motor load is constant, the equations are 
transformed by the Laplace. The transfer function of DC motor can be obtained as follows: 
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2. Design for Discrete Sliding Mode Controller 
2.1. Reaching Law 

Domestic experts proposed the reaching law approach to reduce or inhibit the chattering 

of SMC in the premise of ensuring the condition of sliding existence 0SS   has been meet. And 
given four different methods of reaching law, such as constant reaching law, exponential 
approach law, power reaching law and general reaching law, where the exponential approach is 
applied widely [2], but the discrete form of exponential reaching law’s switching zone is zonal. So 
which can not be close to the origin ultimately but a chattering near the origin during the process 
moving [2]. In order to solve the chattering phenomenon of exponential reaching law near the 
origin [5, 6] proposed a variable rate reaching law for continuous system, it’s discrete form as 
follows: 

 
))(sgn()()( kSXTkSkS

1
1        (5) 

 

Where: 
1

X -- 1 norm of x. 

Reaching speeds of variable rate reaching law is 
1

X , and is proportional to
1

X . The 

switching  zone pass through the origin with  two rays, which can make  S = 0 in the middle of the 
two rays, can be stabilized at the origin, However, when the system just entered to switching 

zone 
1

X  will get a large value, and  have a big chattering in SMC. In order overcome the 

problem of the  variable rate reaching law and exponential approach law,[7]has proposed a new 
reaching law as follows: 
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2.2. Design of Sliding Model Controller 

In this paper, in order to enhance the ability of anti-interference, and reduce the 
chattering of VSC, we made use improved reaching law and kalman filter to design the controller, 
the structure of the controller was shown in Figure 4 [8]. 

 
 

                 
Figure 4. The diagram of controller 

 
 

Assuming G(s) is the transfer function of servo system, and its state space equation as 
follow: 

 
)()()( kBukAxkx  1
       (7) 

Where:  Tkxkxkx ()()( 21  

       )(kx1 -- The actual velocity. 

       )(kx 2
-- The changing rate of velocity. 
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Supposed )(kr , )(kdr  as the velocity order and it’s change rate. )](),([ kdrkrkR  , 

predicted by linear extrapolation  1kR  is: 

 
)()()( 121  krkrkr
        (8) 

 
)()()( 121  kdrkdrkdr
       (9) 

 
Define switching function is: 
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The novel reaching law’s discrete form is: 
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1

11 
    (12) 

 
From the above equation. The sliding mode control law of servo system is: 
 

))](sgn((tan)()()([)()( ) kSXsigTkSTqkAxCRCBCku ekee 11
1 1  


               (13) 

         Where: ],[ 1cCe   

 
 

3. Kalman Filtering Operator 
The continuous model of control system is converted into a discrete model, the discrete 

state equation and measurement equation are given as: 
 

)()()(
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kvkCxky
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 1

                      (14) 

 

Where )(kx and )(kyv respectively are the state vector and observation vector. A is the 

state matrix,B is the control matrix,C is the output observation matrix, )(kw is the process 

noise signal, )(kv is the observation noise signal. 

The flow chart of kalman filtering algorithm is shown in Figure 5 [9]: 
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Figure 5. The flow chart of kalman filtering 
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The recursive algorithm of the corresponding kalman filter of flow chart is given as [9, 
10]: 

 
The best estimation is: 
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The error variance of expect estimates is: 
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The kalman gain is: 
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The update estimation is：  
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The updated estimate covariance is：  
 

1 kkkk PCKIP |)( ;        (19) 
 
The output of filter is：  
 

ke xCy ˆ
；          (20) 

 
Where Q, R are the covariance matrix of random noise w(k),v(k) respectively. 
 
 
4. Numerical Simulation 

In order to verify the effectiveness of the controller, use MATLAB to make simulation for 
the DC. the servo system’s status equation [8]: 
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)(kw is the process white noise signal; )(kv is the observation white noise signal. In 

order to prove the effect of system, the system with kalman filter and the system without kalman 
filter are respectively simulated. The simulation parameters are given as:

40, 130, 280c q   , [ 0.5, 0.5]x    , 050. . 

The simulation results are given in the Figure 6-Figure 9：  
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Figure 6. Position trajectory without filter Figure 7. Position trajectory with filter 
 

  

 
 

 

Figure 8. Phase trajectory without filter Figure 9. Phase trajectory with filter 
 
                                    

The Figure 6-Figure 7 is the position trajectory of the Figure 8-Figure9 is the phase 
trajectory. From the simulation results (Figure 6-Figure 9) we can obtain the conclusions that the 
external disturbance and noise of system after adding kalman filter can be effectively restrained, 
the chattering of the sliding mode variable structure control is also inhibited, and can better 
realize the function of the controller. 

 
 

5. Conclusion 
Aim at the inaccurately modeling and some uncertain existing in servo system seriously 

affected the control quality and the instability problem, the sliding mode variable structure is 
applied to the servo system. Considering the chattering problem of servo sliding mode variable 
structure control and the existing interference, which affect the quality and stability of system 
control, a reaching law approach is used to weaken the chattering problem existing in the sliding 
mode control. At the same time, kalman filter is used to inhibit the interference, thus to improve 
the quality and stability of servo system. System simulations show that the scheme can 
effectively suppressed external disturbance and noise, which makes the system have strong 
anti-interference ability. And the chattering of the sliding mode variable structure control also 
had been obviously inhibited, the system stability and control quality has also been further 
improved.stability and control quality been further improved. 
 
 
References 
[1]  LIU Jin-kun, SUN Fu-chu. Research and development on theory and algorithms of sliding mode 

control. Control Theory and Applications. 2007,24(3):407 
[2]  WB Gao. Theory foundation of Variable Structure Control, Beijing: Science and Technology Press of 

China,1990. 



TELKOMNIKA  ISSN: 2302-4046  

Improved Reaching Law Sliding Mode Control Algorithm Design For DC Motor… (Li Liu) 

8199

[3]  YANADA H, OHNISHI H. Frequency-shaped sliding mode control of an electrohydraulic servo-motor. 
J of Systems and Control and Dynamics. 1999; 213(1): 441 – 448. 

[4]  HL, FQW, HCX. Design for Mechantrical Integration System. Beijing: Higher education press. Beijing. 
2011. 

[5]  MSS Ahmed, Z Ping, WY Jie, Modified sliding mode controller with extended Kalman Filter for 
stochastic systems.  IEEE international conference on control and automation.  2007: 630-635, . 

[6]  KB Park, JJ Lee. Sliding mode controller with filtered signal for robot manipulators using virtual plant 
controller. J of Mechatronics. 1997; 7: 277-286. 

[7]  KW Tong, X Zhang, Y Zhang, Z Xie, RX Cao. Sliding Mode Variable Structure Control of Permanent 
Magnet Synchronous Machine Based on a Novel Reaching Law. J of Proceedings of the CSEE. 2008; 
8: 102-106. 

[8]  GAO Cun-chen, LIU Yun-long, LI Yun-yan. A reaching-law method for uncertain discrete variable-
structure control systems. Control Theory & Applications. 2009; 26(7): 781-785. 

[9]  JK Liu. MATLAB Simulation for Sliding Mode Control. Beijing: Tsinghua University Press, Beijin. 2005.    
[10]  ZZHANG You-wei, An Introduction for Winer and kalman filter theory； Beijing: People's Education 

Press 1980. 
 
 


