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Abstract: A sensor-less control method of permanent magnet synchronous motor (PMSM) based on 
sliding mode observer (SMO) is studied in the synchronous rotating reference orthogonal coordinate 
system in the work. The SMO is proposed under the synchronous rotating coordinate system and in 
which the sign function is replaced by saturation function in order to eliminate the chattering 
phenomenon. The rotor position and speed estimation can be obtained from the 
induced electromotive force (EMF) observed from SMO by using the phase locked loop (PLL), 
which can achieve the purpose of sensor-less control. The simulation results show that the system can 
accurately track the rotor position information in a real time and meet the needs of the actual motor 
control performance. 
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1. Introduction 
PMSM is widely used in industrial production due to its superior features such as simple structure, 

lower loss and high efficiency. In order to achieve a smooth start and high-performance control effect, 
the three-phase PMSM must obtain accurate rotor position and speed information [1, 2]. Normally, 
the rotor speed and position can be measured by encoder or a mechanical sensor, which not only 
increase the cost, size and weight of the system, but also limit the application of PMSM in some 
special occasions [3]. The sensor-less control technology overcomes these defects and has been paid 
more and more attention in the last few years. 

SMO is robust to parameter variations, external disturbances and has low requirement on model 
precision compared with other algorithms of sensor-less control. This article proposes a control 
method under the synchronization reference frame. The sign function in SMO is replaced by 
saturation function to eliminate the chattering phenomenon caused by SMO. Finally the computer 
simulation results demonstrate the proposed method can meet the needs of the actual electric machine 
control performance commendably. 

2. Mathematical model of PMSM 

The vector control mathematical model of PMSM is established under the synchronization 
reference frame. And the stator current equation is given by 
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where di  and qi are the stator current of d axis and q axis respectively; du  and qu  are the stator 
voltage of d and q axisrespectively; dL  and qL are the inductance of d and q axis respectively; eω  is 
the rotorvelocity. Under the synchronousrotating coordinate frame, it is assumed that 

0=dE , feqE ψω= , where fψ  is the rotor permanent magnet flux. 
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3. Design of sliding mode observer 
In order to obtain the value of induced EMF in Eq.(1), the SMO can be designed as 
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Where 
∧

di and 
∧

qi are the stator current observation of d and q axis respectively and k  is the sliding 
mode gain.  

The current error state equation of system can be obtained by Eq.(2) subtracting Eq.(3), described 
as in vector form 
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The sliding surface function of SMO is defined as 0
~~~

=



=

T

qd iii . The system enters the sliding 

mode when k  is large enough and at the same time 0/
~~

== dtidi  is tenable.  
The induced EMF can be rewritten as 
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Eq.(5) shows that the induced EMF contains discontinuous high frequency signal. The equivalent 
quantity  can be expressed as follows after the signal is processed through a low-pass filter  
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The expression of sliding mode gain can be described as 
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mode ,where n  is an invariant constant. 
The block diagram of the traditional SMO is shown in Fig.1. 
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Fig.1 Block diagram of traditional SMO 

 
As mentioned above, there will be high frequency chattering phenomenon because of the 
discontinuity of the control, which has a great influence on the stability of the system [4]. In order 
to improve the performance, the switching function in the traditional is replaced by saturation 

function [5] which is described as ( )










−<−

≤

>

=

ε
ε

ε

ε

s

sks

s

ssat

,1

1,,

,1

 , where ε  represents the boundary layer. 

4. Rotor position estimation based on PLL 
As stated earlier, the purpose of the design is to obtain the estimation of induced electromotive 

force. Eq. (1) shows that the rotor speed can be obtained from the calculations on q axis induced EMF. 
The q axis estimation of rotor speed and rotor position angle estimation are given by 

f

q
e

v
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ω =
∧

  , dtee ∫
∧∧

= ωθ . 

The accuracy of estimation has strong dependence on the motor parameters. In this work, the 
position and velocity of rotor are estimated from the induced EMF by using PLL structure to improve 
the accuracy and the stability of the system.  

The three-phase symmetrical sinusoidal phase voltage of PMSM is defined as 

( )
( )








+=
−=

=

32cos
32cos

cos

πω
πω

ω

tuu
tuu
tuu

ec

eb

ea

                                                  (7) 

where 30npne πω = , tee ωθ = , and een npu θω ,,,,  are the phase voltage amplitude, pole-pair number 
of the motor, mechanical speed, the rotor speed, and the instantaneous rotor speed.  

The d-q axis voltage equation can be obtained through the transformation matrix, described as                                 
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In order to improve the simulation accuracy, the corresponding discrete state equations of SMO 
current equation by using reverse difference method is described as 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )













 +−+=+





 +−+=+

∧∧∧

∧∧∧

kiLkVkuBkiAki

kiLkVkuBkiAki

ddeqqqq

qqedddd

ω

ω

''1

1
                  (9) 

where the Fourier Series Expression of ( )sATexp  is given by as follows and sT  is the sample time 

( ) ( ) ( )
++++=

!32
1exp

32
ss

ss
ATATATAT                                            (10) 

_ 

+ 
∗
αi   

Sgn 
 

filter 
 
SMO 

αu  

βu  

αi  βi  

∗
βi  

∗
αE  

∗
βE  

αv
βv  

+ 

_ 

Advances in Engineering Research, volume 123

944



 

The coefficient in Eq. (14) can be rewritten as 
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5. Simulation modeling and analysis 
It is assumed that the rotor of the PMSM is permanent magnet, and the flux linkage is constant. The 

specifications of the PMSM are ;077.0;1,6.1L;0.011 d WbmHLmHR fq ===W= ψ the rated voltage 
and motor intertie are set as 311V 、0.8e-3 Kg·m2 respectively, and the number of poles is 3.  

The simulation model of the system is created in MATLAB/Simulink software. The parameters of 
the current loop controller , the speed loop controller and the parameters of PLL are set to 
respectively 450,30;1,02.0;220,20;220,32 ======== ipiNpNiipiiipi kkkkkkkk

qqdd
. The speed 

reference is set as min700rNref = . 
Fig.2 shows the d axis and q axis induced electromotive force curve obtained by SMO. 

    
a) Induced electromotive force of d axis                    b) Induced electromotive force of q axis 

Fig.2 Induced electromotive force 
 

The rotor speed and position angle are estimated by PLL in the modified SMO. And Figs.3 and 4 
shows the error of rotor speed and position angle by PLL and conventional calculation method. 
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Fig.3 Rotor position error 
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a）Rotor speed error-PLL                                            b）Rotor speed error 

Fig.4 Rotor position and speed error 
 

The simulation results show that the error of the speed and position angle is larger during the rotate 
speed rising, while the error is smaller when the motor tends to be stable and the motor speed and 
position angle based on PLL has smaller error and higher precision compared with the conventional 
SMO. Then on this foundation, the next task in the work is to presents a modified PLL to reduce the 
chattering phenomenon and make the dynamic performance better. 
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