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A rotor position observer based on hysteresis comparator (HC) was 

presented to acquire the rotor position angle of the Doubly-fed induction generator 

(DFIG) under unbalanced grid Voltage conditions. The position and velocity of 

DFIG’s rotor were estimated by the observer with hysteresis comparator. The 

system structure is relatively simple, without adjusting any parameters, easy to 
achieve. Simulation model for wind energy generation system-with DFIG is set up. 

The simulation results show that the control strategy is feasible and efficient. 

Keywords: doubly-fed induction generator; unbalanced grid voltage, hysteresis 

controller, rotor position observer 

1. Introduction 

Doubly fed induction generator (DFIG) has been widely used in wind 

power system because it can realize variable speed constant frequency operation. 

In this system, the DFIG's stator is directly connected to the power grid, and its 

rotor is controlled by a dual PWM converter to realize the decoupling control of 

DFIG's output active and reactive power. 

The position Angle ( r ) of DFIG's rotor is a very important parameter in 

the study of DFIG's control strategies. It could be obtained by speed sensor [1-8] 

or by control technology without speed sensor (sensorless) [9-10]. Because speed 

sensor is not needed in sensorless control technology, so it has low cost and high 

reliability. It is suitable to work in bad environment. Therefore, the application of 

sensorless control in doubly fed wind power generation has been attracted more 

and more attention from scholars at home and abroad. Model Reference Adaptive 

System (MRAS) rotor position observer based on rotor current was proposed in 
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Literature [11], the estimation accuracy of the observer was affected by PI 

parameters and motor parameters. The rotor current was estimated by using stator 

magnetic chain in  coordinate system, its estimation accuracy was directly 

affected by the estimation error of stator magnetic chain. The existing research 

results of sensorless technology for the double-fed wind power generation system 

were all suitable for the operation control of DFIG under ideal power grid 

conditions. The research on rotor position observer under abnormal power grid 

conditions has not seen relevant literature. 

In this paper, a rotor position observer based on Hysteresis comparator 

(HC) under unbalanced grid voltage is proposed. This observer calculates the 

position of the rotor according to the deviation between actual rotor current and 

the positive sequence component of estimated rotor current. The proposed 

observer directly estimated the positive sequence component of rotor current by 

using the positive sequence component of stator voltage and current in the 

forward synchronous rotating coordinate system Pdq In order to avoid the 

estimation error caused by stator flux observer, thus the estimation accuracy of 

rotor current is improved. The simulation results verify the feasibility and 

correctness of the proposed strategy. 

2. Mathematical model of DFIG under the condition of power grid 

voltage imbalance 

The vector equation of voltage and magnetic chain for DFIG under 

synchronous forward rotation coordinate system Pdq is respectively expressed as  
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The subscript “+” is the positive sequence component, “-” is the negative 

sequence component, “s” is the stator, “r” is the rotor,   “P” is the positive 

rotation, and “N” is the reversal. , ,s r s r s ru ,u i ,i ψ ,ψ  
is respectively stator, rotor 

voltage, current and flux vector. , ,m s rL L L  
is respectively the mutual inductance 

between the stator and rotor, the equivalent self-inductance of two phase winding 

in stator and rotor.
1  

is the synchronous rotation angular frequency of the grid 

voltage,
r
is the rotation angular frequency of the rotor,

1slip r     is the 

forward rotation differential angular frequency, 12j tN
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is respectively the negative sequence twice the 

frequency component, where 12  is twice the frequency of 1 , and index
12j t

e
   

is the factor of twice the frequency.  

Substituting the second row of equation (2) into the second row of 

equation (1) gets 
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Where,  21 /m s rL L L  
 is the leakage factor. 

The DFIG rotor current is controlled by Proportional integral resonance 

(PIR) regulator and the rotor current dynamic term
/P

rdqd dti
in formula (5) is 

controlled by the output of PIR regulator. Then, the control equation of rotor 

voltage is as follows 
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Where,
*P

rdqu is the reference value of rotor control voltage,
P

rdqE is the 

disturbance signal corresponding to the rotor counter electromotive force acting 

on the PIR controller.
'P

rdqu  is the output of  PIR current controller. 

3. Rotor position estimation principle based on rotor current 

3.1 Estimation model of positive sequence component of rotor current 

positive synchronous rotating coordinate Pdq  

Ignoring the stator resistance sR , under steady state conditions, the first 

row in equation (1) is expressed as 

1
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According to equation (2) and (7), equation (8) can be obtained 
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Formula (8) is expressed as the positive and negative sequence 

components 
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When estimating the rotor current from equation (9), it contains the 

negative sequence twice frequency component of the rotor current, which can be 

filtered out by the second order notch filter.   The transfer function of the second 

order notch filter is given as 
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Where 0 12 200 /rad s    is the cutoff frequency,  is the attenuation 

coefficient ( 0.707  ). The bode diagram of the second order notch filter is 

shown in Fig.1. 
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Fig. 1 The bode diagram of the second order notch filter 

It can be seen from the Fig.1 that the gain is small near 12 and the double 

frequency negative sequence component of rotor current can be filtered out. The 

positive sequence component of rotor current separated by a secondary trap from 

equation (9) is given as 
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By placing the forward rotation synchronous rotating coordinate pd axis is 

directed to the stator voltage vector
P

sdqu can be get 
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Substitute equation (12) into equation (11) can be obtained 
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Equation (13) is the expression of the positive sequence component of 

rotor current ( )p

rdqi  obtained by the positive sequence component of stator current

( )p

sdqi  and stator voltage 
p

sU in Pdq  coordinate. 

Replace ,p p

rd rqi i 
with

^ ^

,p p

rd rqi i 
 the positive sequence component estimation 

model of rotor current can be obtained 
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The main factor influencing the estimation accuracy in equation (14) is

/s mL L .The current estimation model as shown in Fig.2. 
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Fig.2 the estimation model of rotor current
i
p
rdq  

The PLL in Fig.2 is the power grid voltage phase-locked loop. 

3.2 Build deviation function rε  

The design core of rotor position observer is to set up  rotor position 

deviation function rε , which adjusts rotor position according to rε .The 

construction method is to obtain the rotor current deviation vector by cross 

multiplying the estimated rotor current vector and the measured rotor current 

vector in a forward synchronous coordinate system, It is expressed as: 
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The relationship between rε , P
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Where rerror is the deviation angle between the estimated current P

rdq



i and 

the actual detection current positive sequence component
P

rdqi .Because P

rdq



i

contains estimated rotor information
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r
and 

P

rdqi contains actual rotor position 

information r ,so rerror just is the deviation angle between 


r
and r . rε is the sine 

function of rerror , which represents the actual deviation of rotor position angle, 

rerror can be realized to zero by controlling r to zero, and accurate rotor position 

and rotor speed can be obtained. 

4. Rotor position observer based on HC 

The structure of rotor position observer based on HC is shown in Fig.3. 

The hysteresis comparator is used as the controller in Fig.3. The input of the 

controller is r and its output is the deviation of the estimated rotor speed 
r


 , 

then the estimated rotor speed
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

is obtained by integrating
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rotor position angle 


r
is obtained by integrating, to the estimated rotor speed
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.The principle of HC is shown in Fig.4. 
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Fig.3 schematic of observer based on the HC controller 
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Fig.4 The diagram of hysteresis controller 

In Fig.4, H is the loop width of hysteresis controller. In this paper, several 

different H values are selected for simulation, and the simulation results are 

analyzed, and the optimal H is zero. When H is zero. The estimated rotor speed

r


is regulated in real time by HC according to rerror , when rerror is regulated to 

approaches zero, to obtain the accurate rotor position r .  

5. Simulation and results 

In this paper, Matlab simulation technology is used to verify the 

correctness and feasibility of the proposed HC rotor position observer under the 

condition of power grid voltage unbalance. During the simulation, the PIR vector 

control strategy for DFIG under the condition of power grid voltage imbalance in 

[12] is adopted. The DFIG PIR vector control structure for DFIG based on HC 

rotor position observer is shown in Fig.5. 
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Fig.5 The PIR control strategy of DFIG unbalanced grid voltage conditions 
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According to Fig.5, the MATLAB simulation model as shown in Fig. 6 is 

built. 

 

Fig.6 The MATLAB simulation model based on PIR; Control strategy of DFIG unbalanced grid 

voltage conditions 

The connection grid line voltage of DFIG is 270V during simulation. The 

simulation conditions are as follows:①the single-phase voltage of the power grid 

falls is 25%and the failure period is [0.6s 1.2s]. ② the running speed of DFIG 

wind turbine is 1000r/min. ③The reference values of the output average active 

and reactive power s sP andQ 
from stator are respectively 2800W and 0Var. Grid 

side converter DC bus voltage dcU is 200V. The simulation waveform is shown in 

Fig.7~Fig.8. 
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Fig.7 Simulation waveform of the actual and estimated rotor position with 25% of single-phase 

voltage drop 
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Fig.8 Simulation waveform of DFIG with 25% of single-phase voltage drop  
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Simulation results show that the proposed rotor position observer based on 

HC can accurately estimate the rotor position while the power grid fails. The 

DFIG PIR vector control strategy based on HC rotor position observer has good 

fault crossing capability. 

6. Conclusions 

The position observer based on HC are analyzed and discussed under the 

condition of power grid voltage imbalance in this paper. The simulation results 

show that the observers can accurately estimate the rotor position under the 

condition of power grid voltage imbalance. 
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