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An Improved Sensorless Rotor Position Computation for 

Integrated Direct Power and Vector Control of S-VSC 

Interfaced DFIG  

R. Kalyan*, M. Venkatakirthiga*(C.A.), and P. Raja* 

 Abstract: The Direct power control and vector control of DFIG has known advantages, 

but certain disadvantages like steady state performance and transient performance of the 

system still persist. In order to overcome these, a novel technique based on Improved 

Sensorless Rotor Position Computational Algorithm with Integrated Direct Power and 

Vector Control (IDPVC) for S-VSC interfaced DFIG is proposed in this work. The 

advantages of both vector control and direct power control techniques are addressed in 

this method. This proposed IDPVC control minimizes the real and reactive power 

ripples at steady state and total harmonic distortion in stator current. In the proposed 

control, data acquired from sensorless rotor position computation makes the system 

more stable and avoids the sensor maintenance and feedback errors. The proposed 

system is tested for a 3.73 kW DFIG and compared with a benchmark DPC control of 

single VSC based DFIG. The results show the effectiveness of the approach under 

various wind speed conditions and found to be satisfactory. 
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Nomenclature 

𝑉𝑎 , 𝑉𝑏 Stator phase voltages, V  

𝑖𝑎 , 𝑖𝑏 Stator phase currents, A 

𝑖𝑟𝑎 , 𝑖𝑟𝑏 Rotor phase currents, A 

𝑉𝑠𝛼 , 𝑉𝑠𝛽 , 𝑖𝑠𝛼 , 𝑖𝑠𝛽 
α and β components of voltages and 

currents,  V and A  

 𝑃𝑆, 𝑄𝑆 
Stator  real and reactive powers at stator 
terminals, W 

𝑃𝑆
𝑟𝑒𝑓

,𝑄𝑆
𝑟𝑒𝑓

 
Reference stator real and reactive 

powers, W 

𝑃𝐸 , 𝑄𝐸 
Errors obtained from Real and reactive 

power, W 

𝐼𝑑𝑟
𝑟𝑒𝑓

, 𝐼𝑞𝑟
𝑟𝑒𝑓

 Reference rotor dq-axes currents, A 

 𝐼𝑑𝑟 , 𝐼𝑞𝑟  Obtained rotor dq-axes currents 

𝑖𝑟𝛼 , 𝑖𝑟𝛽 αβ currents, A 

𝐼𝑑𝑟𝐸 , 𝐼𝑞𝑟𝐸 
Errors from actual and reference rotor 
dq-axes currents , A 
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𝐼𝑑ℎ𝑏 , 𝐼𝑞ℎ𝑏 Hysteresis bands for controllers 

𝑆𝑑𝑟 , 𝑆𝑞𝑟 Switching states from hysteresis controllers 

𝜓𝑠𝛼 , 𝜓𝑠𝛽 Stator αβ flux linkages,  

𝐼𝑐𝑟𝑜𝑤𝑏𝑎𝑟 Current in crow bar resistance 

𝑠𝑖𝑛 𝜇,  𝑐𝑜𝑠 𝜇 Stator magnetizing angle vectors 

𝜔𝑒 Stator angular velocity, rad/s 

𝑖𝑟𝛼
𝑠 , 𝑖𝑟𝛽

𝑠  rotor currents in stator RF, A 

𝑐𝑜𝑠 𝜃𝐶 , 𝑠𝑖𝑛  𝜃𝐶 Computed slip angle vectors 

𝑖𝑑𝑟
𝑟 , 𝑖𝑞𝑟

𝑟  Rotor currents in rotor RF 

𝜓𝑠
𝑟 Stator flux in rotor RF 

N Sector location 

𝑃𝑊 Wind power, W 

𝑃𝐵 Battery power, W 

𝑅𝑆, 𝑅𝑟 Stator and rotor resistance, Ω 

𝐿𝑆, 𝐿𝑟 Stator and rotor inductance, H 

𝐿𝑚 Mutual inductance, H 

J Rotational moment of inertia,  kg-m2 
D Frictional coefficient 

1   Introduction 

WING to the rising energy demand, 

environmental risks and degradation of 

fossil fuels renewable energy sources are being the 

main focus in the recent past to cater the needs of 
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future expansion [1]. Renewable Energy Sources 

(RES) are fulfilling the electricity demand of remote 

and islanded communities.   The clean energy from 

these sources impact less the public health system, 

and also helps to reduce energy cost as they require 

very little maintenance [2]. Among many renewable 

energy sources, solar and wind energy systems are 

the major sources for pollution free environment. 

Earlier, wind energy systems were limited to hilly 

areas and high-speed wind areas but, due to recent 

development in WEECS, they are used for localised 

environment too such as roads, spacious parks etc. 

Among various wind energy conversion 

topologies, DFIGs are the most effective power 

generation schemes in order to cope with the 

uncertainty in wind speeds and reduced capacity 

power converter at the machine side [3]. Earlier, 

majority of wind energy was being generated 

through the fixed speed wind turbines coupled with 

squirrel cage induction generators [4]. Gradually 

later on, variable speed turbines were used to extract 

more energy from the wind and reduce noise 

compared to fixed speed wind turbines [5-8]. Due to 

the recent advancements in the power electronic 

controllers the complexity in wind power control is 

also minimized. In many earlier works, Field-

oriented control (FOC) is used for independent 

control of real and reactive power for the 

conventional DFIG. However, FOC is more 

complex and involves more transformations [9-11]. 

To overcome the difficulties of FOC direct power 

control has been introduced. DPC controls both real 

and reactive power with good dynamic response 

without any complex transformations [12]. Later, 

many researchers started to focused on sensorless 

rotor position estimation to avoid delayed signals, 

and reduced design complexity. 

 Subsequently, most power engineers focused on 

encoder less computations for both vector and direct 

power control of real and reactive powers in the 

conventional DFIG control topologies [13-19]. E. 

Bogalecka has used rotor flux calculation for the 

control of active and reactive power, resulting in low 

frequency harmonics in rotor currents near 

synchronous speed [13]. Datta et al. proposed a 

method for rotor position estimation. This method 

has been used for direct power control and FOC 

control [14-15].  However, the calculation of 

magnetizing current is cumbersome. The model 

reference adaptive system (MRAS) for estimating 

the rotor position [16-17]. Slip position estimator is 

proposed in FOC for power control of DFIG. The 

estimator connected to PI controller in the algorithm 

is non-linear and gives oscillations in the output [18]. 

A computational algorithm for rotor position to 

generate the slip angles for the FOC control of 

convention DFIG, has been explained in [19]. Single 

VSC based DFIG was later adopted for the control 

of real and reactive power, to eliminate the grid side 

VSC. Battery has been used in support of reactive 

power and voltage [20]. Later, B. Singh et al. 

proposed independent direct power control 

technique to control active and reactive power in a 

hybrid DFIG system [21]. This technique gives good 

dynamic response. However, it involves complex 

calculations for the rotor position estimation. B. 

Singh et al. presented a single VSC DFIG with 

vector control by using model reference adaptive 

system for the rotor position [22]. R. M. Prasad et al. 

estimated rotor position based on reduced sensor and 

modified algorithm for the vector control of single 

VSC tied DFIG. This control technique employed 

three sensors for rotor position estimation but needs 

complex calculation [23]. R. M. Prasad et al. have 

attempted rotor power control through single VSC 

for DFIG based energy evacuation scheme. In this 

configuration, the DFIG rotor power is controlled 

and the rotor had connection with grid terminals 

[24].  New rotor position algorithms such as RPSA-

II and I had been used for the direct power control of 

rotor tied DFIG [25]. Kalyan et al. have proposed a 

co-ordinated controller for the control of grid and 

battery power with single VSC based DFIG [26]. 

H.choja et.al proposed an artificial neural network 

based DPC control of DFIG is attempted to 

minimize the torque ripples [27]. In [28], B.Hu et al. 

have performed the analysis of high frequency 

resonance and reshaped the control of DPC.  S. 

Mondal et.al have presented a performance of 

reactive power controller strategy with active power 

damping with DTC control using matrix converter 

for DFIG [29]. The benefits of both the direct power 

control and vector control have been introduced for 

the better dynamic and steady state response of the 

conventional DFIG topology [30]. In this context, 

this research work proposes an integrated direct 

power and vector control (IDPVC) for S-VSC 

interfaced DFIG with sensor less rotor position 

(SLRP) computation. It has simple control structure, 

and it gives good transient and steady state response. 

Sensor less computation needs lesser computation, 

good tracking of real power reference with MPPT 

and adjustable power factor with respect to reference 

reactive power.  

In the literature, the control of real and reactive 

power is performed for the conventional 
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DFIG/Single VSC DFIG and the position of rotor is 

calculated using sensor /sensorless algorithms. The 

proposed work integrates the vector and direct power 

control of single VSC based grid connected DFIG 

with sensorless rotor position computation 

(SLRPC). The control with single VSC DFIG is new 

with sensor less rotor position computation and 

analysed many parameters which improves the 

performance the system. 

The hysteresis control with DFIG has good 

transient response but, the steady state real and 

reactive ripples are more [21]. From the literature, 

the vector control of DFIG give good steady state 

response but poor in transient response. The 

proposed IDPVC control has both the advantages to 

improve the performance of system. 

The proposed IDPVC (integrated direct power 

and vector control) control has lesser steady-state 

ripples in real and reactive power and the stator 

currents has lesser THD when compared to the DPC 

(direct power control) as shown in results section 5. 

The proposed IDPVC control also shows the grid 

variations (LVRT) for the single VSC topology as 

per Indian electricity grid code (IEGC) standards and 

it effectively controls the performance parameters of 

the system shown in section 5.1 

The manuscript is organized as follows: section 

2 presents proposed system configuration for S-VSC 

interfaced DFIG, following introduction in section 1; 

Section 3 delineates the proposed control topology 

of IDPVC controlled S-VSC interfaced DFIG; SLRP 

computation for rotor position is articulated in 

section 4; sections 5 and 6 present the results and the 

comparison of proposed IDPVC control with SLRP 

computation with bench mark DPC control followed 

by conclusive remarks.  

2   Proposed System Configuration of S-VSC-

interfaced DFIG 

The proposed grid connected IDPVC control of 

S-VSC interfaced DFIG with SLRP computation is 

shown in Fig. 1. It consists of DFIG which is directly 

connected to grid and rotor terminal is connected to 

a voltage source converter. The voltage source 

converter is connected to the battery used for voltage 

and reactive power support for the system. The 

configuration eliminates the grid side converter such 

that the system cost gets reduced.  

The integrated control scheme is a combination 

of vector control (VC) and direct power control 

(DPC) which improves the performance by adding 

the advantages of both the methods, such that the 

transient response is improved by DPC control and 

steady response by vector control. By adding the VC 

control to the direct power control of single VSC 

DFIG the performance at steady state is improved 

and additionally SLRP computation eliminates the 

encoder for the system and further improves 

performance of the system.  

The proposed IDPVC control with S-VSC DFIG 

incorporating MPPT operation of wind turbine gives 

smooth variations in stator real power and reactive 

power fed to the grid.

 
Fig. 1 System configuration for S-VSC interfaced DFIG.
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3   Proposed Control Topology of S-VSC DFIG 

In this proposed control scheme, the real and 

reactive powers are controlled by two PI controllers 

which produce reference rotor dq-axes currents 

(𝐼𝑑𝑟
𝑟𝑒𝑓

,𝐼𝑞𝑟
𝑟𝑒𝑓

) as shown in Fig. 2. The errors (𝑃𝐸 , 𝑄𝐸) for 

PI controllers are obtained from reference real and 

reactive power (𝑃𝑆
𝑟𝑒𝑓

,𝑄𝑆
𝑟𝑒𝑓

) and actual real and 

reactive powers (𝑃𝑆, 𝑄𝑆) respectively. Reference real 

power (𝑃𝑆
𝑟𝑒𝑓

) is obtained from MPPT of wind turbine 

and reference reactive power is selected as zero to 

obtain unity power factor.  

The actual real and reactive powers are 

calculated from αβ voltages (𝑉𝑠𝛼 , 𝑉𝑠𝛽) and currents 

(𝑖𝑠𝛼 , 𝑖𝑠𝛽) as follows: 

𝑃𝑆 = 2/3(𝑣𝑠𝛼𝑖𝑠𝛼 + 𝑣𝑠𝛽𝑖𝑠𝛽), 𝑄𝑆
= 2/3(𝑣𝑠𝛽𝑖𝑠𝛼 − 𝑣𝑠𝛼𝑖𝑠𝛽) 

(1) 

where stator αβ voltages and currents are 

calculated as: 

𝑣𝑠𝛼 =
3

2
 𝑉𝑎 ,   𝑣𝑠𝛽 =

√3

2
(𝑉𝑎, +2𝑉𝑏) 

(2) 

𝑖𝑠𝛼 =
3

2
 𝑖𝑎,    𝑖𝑠𝛽 =

√3

2
(𝑖𝑎, +2𝑖𝑏) 

The real and reactive power errors are computed 

as: 

𝑃𝐸 = 𝑃𝑆
𝑟𝑒𝑓
− 𝑃𝑆,  𝑄𝐸 = 𝑄𝑆

𝑟𝑒𝑓
− 𝑄𝑆  (3) 

The PI controllers compute the reference dq-axes 

rotor currents (𝐼𝑑𝑟
𝑟𝑒𝑓
, 𝐼𝑞𝑟
𝑟𝑒𝑓

) and the actual (𝐼𝑑𝑟 , 𝐼𝑞𝑟) 

currents obtained from combination of rotor αβ 

currents (𝑖𝑟𝛼 , 𝑖𝑟𝛽) and computed angles from SLRP 

computation. The rotor current is computed as:  

𝑖𝑑𝑟
𝑟 + 𝑗 𝑖𝑞𝑟

𝑟 = (𝑖𝑟𝛼
𝑟 + 𝑗 𝑖𝑟𝛽

𝑟 )(𝑐𝑜𝑠 �̂�𝐶 − 𝑗 𝑠𝑖𝑛 �̂�𝐶) (4) 

where: 

𝑐𝑜𝑠  �̂�𝐶 = 𝑐𝑜𝑠 𝜇 𝑐𝑜𝑠 𝜃𝐶 + 𝑠𝑖𝑛 𝜇 𝑠𝑖𝑛 𝜃𝐶  
(5) 

𝑠𝑖𝑛  �̂�𝐶 = 𝑠𝑖𝑛 𝜇 𝑐𝑜𝑠 𝜃𝐶 − 𝑐𝑜𝑠 𝜇 𝑠𝑖𝑛 𝜃𝐶  

The errors from comparators of dq-axes currents 

(𝐼𝑑𝑟𝐸 , 𝐼𝑞𝑟𝐸) are given to hysteresis controllers which 

generate switching states (𝑆𝑑𝑟 , 𝑆𝑞𝑟). The hysteresis 

bands (𝐼𝑑ℎ𝑏  and 𝐼𝑞ℎ𝑏) for controllers are shown in 

Fig. 3. 

The switching states for hysteresis controllers are 

computed as follows: 

𝑆𝑑𝑟 =  1, ∀ 𝐼𝑑𝑟𝐸 > 𝐼𝑑ℎ𝑏  

(6) 𝑆𝑑𝑟 = −1, ∀ 𝐼𝑑𝑟𝐸 < −𝐼𝑑ℎ𝑏  

𝑆𝑑𝑟 =  0, ∀ −𝐼𝑑ℎ𝑏 < 𝐼𝑑𝑟𝐸 < 𝐼𝑑ℎ𝑏  

 
Fig. 2 IDPVC controlled S-VSC interfaced DFIG. 
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(a)                                                     (b) 

Fig. 3 Hysteresis controllers for rotor dq-axes currents: (a) 3-level and (b) 2-level. 

 
Fig. 4 SLRP computation for rotor position.

 

𝑆𝑞𝑟 =  1, ∀ 𝐼𝑞𝑟𝐸 > 𝐼𝑞ℎ𝑏 
(7) 

𝑆𝑞𝑟 = −1, ∀ 𝐼𝑞𝑟𝐸 < −𝐼𝑞ℎ𝑏  

The switching states and sector location (N) 

generate the voltage pulses for the converter 

4   Sensorless Rotor Position Computation 

Computation of rotor position required for 

IDPVC control is obtained from stator voltages, 

stator currents and rotor currents as shown in Fig. 4. 

The stator α and β quantities are obtained from Eq.  

(2), and the rotor currents (𝑖𝑟𝛼 , 𝑖𝑟𝛽) are calculated as: 

𝑖𝑟𝛼 =
3

2
𝑖𝑟𝑎, 𝑖𝑟𝛽 =

√3

2
(𝑖𝑟𝑎 + 2𝑖𝑟𝑏) (8) 

According to reference frame theory, the rotor 

position computed using stator voltages, current and 

rotor current are shown in Fig. 5. The stator voltage 

(𝑉𝑆) is aligned with q-axis i.e., 𝑉𝑆 = 𝑉𝑞𝑠 and 𝑉𝑑𝑠 = 0. 

The stator flux linkages in stator Reference Frame 

(RF) are given as 

𝜓sα=Lsisα+Lmirα , 𝜓sβ=Lsisβ+Lmirβ (9) 

Here, the Eq. (9) constitutes two unknown 

parameters such as stator flux linkages 

(𝜓𝑠𝛼 , 𝜓𝑠𝛽)and rotor currents (𝑖𝑟𝛼 , 𝑖𝑟𝛽). The stator 

voltage equations are used to estimate the stator flux 

linkages which are written as: 

𝑣𝑠𝛼 = 𝑅𝑠𝑖𝑠𝛼 +
 

  
𝜓𝑠𝛼 ,

𝑣𝑠𝛽 = 𝑅𝑠𝑖𝑠𝛽 +
 

  
𝜓𝑠𝛽  

(10) 

From the Fig. 5, stator flux in synchronous RF is 

written as: 

𝜓𝑠𝛼 = |𝜓𝑠|𝑐𝑜𝑠 𝜇,    𝜓𝑠𝛽 = |𝜓𝑠|𝑠𝑖𝑛 𝜇 (11) 

 
Fig. 5 Reference frame analogy for SLRP computation. 

The stator flux linkages and magnetizing angle 

(μ) are functions of time which are differentiated as: 

 

  
𝜓𝑠𝛼 =

 

  
|𝜓𝑠|𝑠𝑖𝑛 𝜇 − 𝜓𝑠𝛽𝜔𝑒 (12) 

 

  
𝜓𝑠𝛽 =

 

  
|𝜓𝑠|𝑐𝑜𝑠 𝜇 + 𝜓𝑠𝛼𝜔𝑒 (13) 
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The differential terms with resultant stator flux 

are negligible in Eqs. (10) and (11) and the angular 

frequency represented as 𝜔𝑒 =
𝑑𝜇

𝑑𝑡
 and substituting 

above equations in Eqs. (7) and (8) gives the 

simplified stator (𝛼, 𝛽) voltage equations which are 

written as: 

𝑣𝑠𝛼 = 𝑅𝑠𝑖𝑠𝛼 − 𝐿𝑠𝑖𝑠𝛽𝜔𝑒 − 𝐿𝑚𝑖𝑟𝛽𝜔𝑒 (14) 

𝑣𝑠𝛽 = 𝑅𝑠𝑖𝑠𝛽 + 𝐿𝑠𝑖𝑠𝛼𝜔𝑒 + 𝐿𝑚𝑖𝑟𝛼𝜔𝑒 (15) 

The rotor currents in stator RF are calculated as: 

𝑖𝑟𝛼
𝑠 = 𝑣𝑠𝛽 − 𝑅𝑠𝑖𝑠𝛽 − 𝐿𝑠𝑖𝑠𝛼𝜔𝑒 𝐿𝑚𝜔𝑒  (16) 

𝑖𝑟𝛽
𝑠 = 𝑅𝑠𝑖𝑠𝛼−𝑣𝑠𝛼 + 𝐿𝑠𝑖𝑠𝛽𝜔𝑒 𝐿𝑚𝜔𝑒  (17) 

The stator angles (𝑠𝑖𝑛 𝜇, 𝑐𝑜𝑠 𝜇)and angular 

velocity (𝜔𝑒)are calculated as: 

𝑣𝑠𝛼 = −
𝑉𝑎

√𝑉𝑎
2 + 𝑉𝑏

2
, 𝑣𝑠𝛽 =

𝑉𝑏

√𝑉𝑎
2 + 𝑉𝑏

2
 (18) 

𝜔𝑒 = 𝑐𝑜𝑠 𝜇
 

  
𝑠𝑖𝑛 𝜇 − 𝑠𝑖𝑛 𝜇

 

  
𝑐𝑜𝑠 𝜇 (19) 

From the Fig. 5 the rotor currents from rotor RF 

is calculated as: 

𝑖𝑟𝛼
𝑟 + 𝑗 𝑖𝑟𝛽

𝑟 = (𝑖𝑟𝛼
𝑠 + 𝑗 𝑖𝑟𝛽

𝑠 )  ( 𝑐) (20) 

where 𝜃𝑐 = 𝜃𝑠𝑟 − 𝜃𝑟𝑟, and the slip angle vectors 

are computed as: 

[
𝑐𝑜𝑠 𝜃𝑐
𝑠𝑖𝑛 𝜃𝑐

] =

[
 
 
 
 
𝑖𝑟𝛼
𝑠 𝑖𝑟𝛼
𝑟 + 𝑖𝑟𝛽

𝑠 𝑖𝑟𝛽
𝑟

(𝑖𝑟𝛼
𝑠 )2 + (𝑖𝑟𝛽

𝑠 )2

−𝑖𝑟𝛽
𝑠 𝑖𝑟𝛼
𝑟 + 𝑖𝑟𝛼

𝑠 𝑖𝑟𝛽
𝑟

(𝑖𝑟𝛼
𝑠 )2 + (𝑖𝑟𝛽

𝑠 )2 ]
 
 
 
 

 (21) 

The stator flux in rotor RF is computed as: 

𝜓𝑠
𝑟 = (𝜓𝑠𝛼 + 𝑗 𝜓𝑠𝛽)(𝑐𝑜𝑠 𝜃𝑐 + 𝑗 𝑠𝑖𝑛 𝜃𝑐) (22) 

where: 

𝜓𝑠𝛼 = ∫𝑣𝑠𝛼 − 𝑅𝑠 𝑖𝑠𝛼 ,  𝜓𝑠𝛽 = ∫𝑣𝑠𝛽 −𝑅𝑠𝑖𝑠𝛽  (23) 

The position obtained from stator flux in rotor 

RF decides the sector location (N) and the associated 

switching states are used for the generation of gating 

pulses for the rotor tied VSC. The gating pulses are 

represented as 𝑉0(000) − 𝑉7(111) which are six 

active vectors (𝑉1 − 𝑉6) and two null vectors 

(𝑉0 𝑎𝑛  𝑉7) shown in Fig. 6. The binary digits 

represent the ON/OFF states for top switches of VSC 

such as ‘0’ represents OFF and ‘1’ represents ON 

and complimented for bottom switches of VSC 

which are shown in Table 1. Consider the 𝜓𝑠𝑟  angle 

is obtained from the sensorless rotor position 

algorithm which decides the sector location say S1 

and switching states (𝑆𝑑𝑟  & 𝑆𝑞𝑟) from the controllers 

from the Eqs. (4) and (5), are considered as 1, 1 (such 

as dq-axes rotor current errors (𝐼𝑑𝑟𝐸  & 𝐼𝑞𝑟𝐸) are more 

than the hysteresis bands (𝐼𝑑ℎ𝑏  & 𝐼𝑞ℎ𝑏). The S1 is the 

sector angle in the space vector shown in Fig. 7. To 

minimize the error according to space vector the V5 

is the voltage pulse fed to the converter then the error 

decreases and then V6 pulse according to the 

switching state and then sector location gives the 

respective gating pulses for the converter. 

 
Fig. 6 Selection of sector location. 

 

Table1 Gating pulses for the rotor tied VSC (switching 

table in Fig. 2) 

𝐒   𝐒   S1 S2 S3 S4 S5 S6 

 

1 

1 V5 V6 V1 V2 V3 V4 

0 V7 V7 V7 V7 V7 V7 

-1 V3 V4 V5 V6 V1 V2 

-1 

1 V6 V1 V2 V3 V4 V5 

0 V7 V7 V7 V7 V7 V7 

-1 V2 V3 V4 V5 V6 V1 

 
Fig. 7 Derived gating pulses shown in Table 1. 

5   Results and Discussions 

The proposed IDPVC control scheme with S-

VSC interfaced DIFG depicted in Fig.2, is simulated 

in MATLAB/Simulink. To validate the performance 

of the proposed IDPVC technique, DFIG is made to 

operate at sub-synchronous (7 m/s), synchronous 

speed (9.85 m/s) and super synchronous speed (12 

m/s) respectively.  

Performance metrics in the form of sector 

location (N), calculated (𝑠𝑖𝑛 𝜃) and computed 

(𝑠𝑖𝑛 𝜃𝐶) slip angle vector which are obtained from 

DFIG rotor angle and proposed SLRP algorithm 

V1(100)

V0(000)

S6S5

V6(101)V5(001)

V7(111)

V4(011)
S1

S4

V2(110)V3(010)

S2
S3

System with 

Hardware simulator 

with simulation and 

its Waveforms 

Hard ware simulator 
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respectively. These are evaluated for all the 

aforementioned speeds (sub- synchronous, 

synchronous, super- synchronous and dynamic 

variations) to test the efficacy of proposed IDPVC 

control with SLRP Computation.  

The location of the sector and switching states 

decides the gating pulse variations for VSC which in 

turn results in DFIG stator power control. The sector 

region (N) is rotating from S1 to S6 (as shown in Fig. 

6) in clock wise direction for sub synchronous speed, 

same sector is upheld as the previous state in 

synchronous speed and rotates in anti-clock wise 

direction (from S6 to S1) at super synchronous 

speeds. All the aforementioned three sectors are 

observed in dynamic conditions in the form of 

stepped waveforms viz-o-viz and clearly depicted in 

Fig. 8. A key point is observed that, slip angle 

vectors are tracked at same values irrespective of 

abrupt wind speed variations. 

The dynamic performance of the controller is 

validated through change in speed conditions, 

through the three speed variations. The 

corresponding DFIG rotor speeds are 0.76 pu, 1.0 

p.u and 1.18 p.u respectively. The observed 

parameters are rotor speed along with the (𝐼𝑆𝑎𝑏𝑐), and 

rotor current (𝐼𝑟𝑎𝑏𝑐). The wind turbine is set to 

operate for sudden change in speeds in the from 7 

m/s to 9.85 m/s and then it holds maximum up to 12 

m/s. The corresponding stator and rotor currents, are 

shown in Fig. 9.

 
Fig. 8 The actual and computed slip angle vector, and sector location for 7m/s, 9.85m/s and 12m/s wind speed conditions. 

 
Fig. 9 The rotor speed, Stator currents, and rotor currents for 7m/s, 9.85m/s and 12m/s wind speed conditions. 
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. 

 
Fig. 10 Various power parameters for the proposed IDPVC control for 7m/s, 9.85m/s and 12m/s wind speed conditions.

Nevertheless, it is also observed that rotor 

currents in sub-synchronous speed, the flow of 

current is observed from the converter to the rotor 

which is vice-versa in super-synchronous speed. 

Positive sign convention represents, the former and 

the negative sign represents the latter, clearly 

observed in Fig. 9.  

Key performance parameters like, wind power 

(𝑃𝑊), battery power (𝑃𝐵), stator real and reactive 

power (𝑃𝑆) and stator reactive power (𝑄𝑆) for several 

wind speed conditions. Fig. 10 shows the dynamic 

performance for sub-synchronous, synchronous and 

super-synchronous conditions respectively for 

proposed IDPVC control with SLRP computation. 

The wind power of 0.96kW is extracted at speed 

of 7 m/s, which is not alone sufficient to feed a grid 

with generated DFIG stator power. Therefore, the 

battery supports the grid with required deficit power 

of 0.35kW through the rotor side VSC. These two 

cumulatively maintain the required stator active 

power to track the reference value and maintain the 

reactive power to zero.  

During synchronous speed conditions, wind 

power of 3.07 kW is extracted, which is sufficient 

enough to feed the grid with the DFIG generated 

power of 3kW, here battery is in floating condition 

i.e., neither charges nor discharges. Nonetheless, a 

small amount of power (0.11kW) is produced to feed 

the losses of the converter and machine. 

At super synchronous speed of 12 m/s, wind 

turbine extracts power of 5.92kW and when the 

speed changed from synchronous speed to super 

synchronous speed, associated DFIG stator 

reference power is incremented from 3kW to 

4.82kW which is more than the desired value. The 

excess power is fed to the battery, which makes the 

battery to be in the charging mode.   

The proposed IDPVC technique results in 

smooth variations in real power and minimizes the 

fluctuations in both real and reactive power with 

sudden change in speed. In addition, the charging 

and discharging behavior of battery is also observed 

in Fig. 10 

It is also observed that, the dq-axes rotor 

reference currents obtained from PI controllers and 

it is tracked by actual dq-axes rotor currents 

computed using SLRP algorithm shown in Fig. 11 

and the dynamics of rotor dq-axes currents shown 

for various speed conditions. The Errors from the 

rotor currents feed to hysteresis controllers, which 

generates the switching states (as shown in Fig. 3). 

These are plays an important role for generation of 

voltage pulses for the VSC. The hysteresis bands for 

controllers are 0.42% of rated currents. 

Fig. 11 Reference and actual dq-axes rotor currents 

(𝐼𝑑𝑞
𝑟𝑒𝑓
, 𝐼𝑑𝑞). 
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5.1   Proposed Control Analyzed under Grid 

Voltage Variations 

The proposed topology under grid voltage 

variations is shown in section 5.1. As per Indian 

electricity grid code (IEGC) standards, the low-

voltage ride-through operation as the system is 

shown in Figure 12. In this, the voltage dip is 

considered for 15% of the rated voltage as per IEGC 

[31-32]. 

 
Fig. 12 LVRT standards (IEGC). 

Here, 𝑉𝑛 is the nominal voltage, 𝑉𝑝𝑓 is 80% of the 

nominal voltage, and T is the fault clearing time 

depending upon the nominal voltage level of 

machines mentioned by IEGC. In the shaded region, 

the machine should not trip so that the wind turbine 

could connect to the grid.  

The proposed control topology with grid voltage 

variations of low voltage ride through (LVRT) and 

the parameters which effects by the grid variations 

are  stator voltage (𝑉𝑆),  stator current (𝐼𝑆), rotor 

currents (𝐼𝑟), stator real power (𝑃𝑆), stator reactive 

power(𝑄𝑆), battery power (𝑃𝐵),crowbar current 

(𝐼𝑐𝑟𝑜𝑤𝑏𝑎𝑟), rotor speed(𝜔𝑟) as shown in Fig. 13. The 

machine is operated for a wind velocity of 12m/s is 

considered and the LVRT occurred at the time span 

of 3 s to 3.5 s and voltage is reduced to 15% of rated 

voltage. The crowbar is activated for 3 s to 3.1 s and 

the corresponding crowbar current is shown in 

Fig.13. At 3.5s the voltage increased in steps of 15pu 

and reach its rated value by 3.92 s. At 3 s the grid 

power is reduced to the minimum power of 600 W 

to meet losses and also to avoid the raise in rotor 

speed and currents of the stator and rotor. At 3.7 s 

the rated power is recovered and the system comes 

to normal condition. 

6   Comparison and Validation of Results 

 The proposed grid connected IDPVC control of 

S-VSC DFIG with SLRP algorithm focuses on three 

important parameters which are fed to the grid such 

as stator current (𝐼𝑆𝑎𝑏𝑐), stator real power (𝑃𝑆) and 

stator reactive power (𝑄𝑆). The performance 

proposed IDPVC control is compared with DPC 

control operated for various speed conditions.  

The performance of proposed control improved 

in terms of stator real power fluctuations at steady 

state shown in Fig. 14. The magnitude of 

fluctuations is high with DPC control and the 

proposed IDPVC control reduces the magnitude of 

fluctuation and improves the quality of power fed to 

the grid. The performance of proposed IDPVC 

control with SLRP algorithm is operated for various 

speed conditions such as sub-synchronous (7 m/s), 

synchronous speed (9.85 m/s) and super 

synchronous speed (12 m/s) respectively.

 
Fig. 13 Performance of proposed system with grid voltage variations occurred at 3s to 3.7s. 



 
 
 

 
10 

 
 

R. Kalyan et al. An Improved Sensorless Rotor Position … 

Iranian Journal of Electrical and Electronic Engineering, Vol. 19, No. 2, 2023 

 
Fig. 14 Real power fluctuations in various speed conditions. 

 
Fig. 15 Reactive power fluctautions in various speed condition.

At the sub-synchronous speed for a wind velocity 

of 7 m/s, the DFIG operated for up to 4sec and the 

steady state flctuations shown at instant of 3.414 to 

3.415 seconds. At synchronous peed for a wind 

velocity of 9.85 m/s, the DFIG operated for 4 to 6.5 

secs and the flacuataions shown at instant of 5.974 

to 5.976 secs. At a super-synchronous speed for a 

wind velocyt of 12 m/s, the DFIG operated for 6.5 to 

8 secs and the flacuations shown at a instant 7.6335 

sec to 7.634 sec. In all the instants the steady state 

fluctuations with proposed IDPVC control with 

SLRP algorithm is considerably reduced shown in 

Fig. 14 and it improves the qualtiy of power. 

The performance proposed IDPVC control with 

SLRP algorithm highly reduces the steady state 

flucutations in reactive power as shown in Fig. 15. It 

is clearly observe that the magnnitude flacuations are 

more with DPC control at sub-synchronous speed, 

synchronous and super-synchronous regions 

respectively. Such that, The performance of 

proposed IDPVC  algorithm SLRP computation  

improved the quality of power in the steady state 

condition. 

For sub-synchronous speed (7m/s), the DPC 

control has a THD of 6.5% in the stator currents 

which is beyond the standards. At the same speed, 

the THD for proposed IDPVC control with SLRP 
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algorithm is reduced and obtained at 4.29%, which 

is clearly observed in Fig. 16.  For synchronous 

speed of 9.85 m/s, THD in stator currents is reduced 

by 1.05% from conventional DPC control (2.68%) to 

proposed IDPVC control (1.63%) which is depicted 

in Fig. 17. At 12 m/s (super-synchronous speed), 

THD in stator currents for DPC control is obtained 

at 1.60% to that of IDPVC control is achieved at 

1.18% shown in Fig. 18. The THD is improved with 

SLRP computation for the proposed IDPVC 

controller at all the aforementioned speeds as this 

proposed method achieves in minimizing the real 

and reactive power ripples which subsequently plays 

a key role in reducing THD.  The performance 

parmaeters of proposed IDPVC control SLRP 

computationare exclusively shown in  Table2.

  
(a) (b) 

Fig. 16 THD in stator currents at 7 m/s for (a) benchmark DPC control (b) proposed IDPVC control. 

  
(a) (b) 

Fig. 17 THD in stator currents at 9.85 m/s for (a) benchmark DPC control (b) proposed IDPVC control. 

  
(a) (b) 

Fig. 18 THD in stator currents at 12 m/s for (a) benchmark DPC control (b) proposed IDPVC control. 
 

Table 2 The overall improved performance of IDPVC control over conventional DPC control SLRP algorithm. 

Wind Speed 

in m/s 

Real power fluctuations 

in steady state  

Reactive power 

fluctuations in steady state 
THD (%) in stator currents 

Conventional 
DPC 

Proposed 
IDPVC 

Conventional 
DPC 

Proposed 
IDPVC 

Conventional 
DPC 

Proposed IDPVC 

7 125 120 160 80 6.5 4.29 

9.85 150 140 160 70 2.68 1.63 

12 120 110 180 80 1.60 1.18 
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7   Conclusion 

A novel technique is proposed in this work, in 

order to control S-VSC interfaced DFIG at both 

transient and steady state response. This proposed 

method is based on SensorLess Rotor Position 

(SLRP) computation which is integrated with both 

direct and vector control. The efficacy of the 

proposed approach is compared with standard DPC 

control of DFIG under various wind speeds. The 

performance of control algorithms is tested on 

3.7kW grid connected S-VSC DFIG and is 

compared on basis of stator real and reactive power 

fluctuations and total harmonic distortion in the 

stator currents. The results depict that, a significant 

reduction in steady state fluctuations for real and 

reactive powers at various wind speed conditions 

such as sub-synchronous, synchronous and super-

synchronous speeds have led to an improvement in 

quality of power. A noteworthy enhancement in 

THD analysis is observed in the proposed SLRP 

algorithm for IDPVC control for S-VSC interfaced 

DFIG which ranges from 0.42%-2.21% for 

aforementioned wind speeds. The performance of 

IDPVC control is effectively controls the grid 

variations (LVRT) according IEGC standards. The 

results demonstrate that the proposed method is 

worthy and achieves outperforming results in 

evaluation the conventional method. 

Appendix 

System Parameters 

i. Wind turbine Parameters: 𝑃𝑊= 6.5kW, radius= 

2.018 m. 

ii. DFIG parameters: 𝑃𝑆=3.7kW, 𝑅𝑆=1.32 Ω, 

𝑅𝑟=1.708 Ω, 𝐿𝑆=𝐿𝑟=6.832 mH, 𝐿𝑚=0.219 H, 

pole pairs=2. 

iii. Mechanical parameters: 𝐽=0.1878 kg.m2, 

D=0.001. 

iv. Battery: 240V DC supply [21]. 
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