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░ ABSTRACT- This paper presents an improved Direct Power Control (DPC) approach applied to the Grid-Side Converter 

(GSC) of a wind-driven Permanent Magnet Synchronous Generator (PMSG). The proposed method modifies the conventional 

switching table by incorporating the errors of the direct and quadrature current components along with the filtered grid voltage 

vector. The objective is to enhance steady-state behavior and reduce power fluctuations. A comprehensive simulation model is 

developed in MATLAB/Simulink to assess system performance under different loading conditions and varying wind speeds. 

Furthermore, the system is evaluated under disturbance conditions, and a comparative validation is performed using classical 

DPC, Field-Oriented Control (FOC), and Space Vector Pulse Width Modulation (SVPWM)-based FOC. The obtained results 

confirm that the proposed method achieves improved harmonic and steady-state performance while preserving a relatively simple 

control structure. Moreover, the Total Harmonic Distortion (THD) of both grid voltage and current remains below 5% at the Point 

of Common Coupling, complying with IEEE-519 standards. These findings confirm the robustness and effectiveness of the 

modified DPC scheme in improving power quality and ensuring stable operation of PMSG-based Wind Energy Conversion 

Systems under variable operating conditions. 
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░ 1. INTRODUCTION 

The increasing deployment of renewable energy has 

strengthened the role of wind generation in modern grids. In 

variable-speed applications, the Permanent Magnet 

Synchronous Generator (PMSG) is widely adopted due to its 

efficiency and direct-drive capability. Grid-connected 

configurations typically use a back-to-back converter 

composed of a Machine-Side Converter (MSC) and a Grid-

Side Converter (GSC). The MSC controls generator dynamics, 

whereas the GSC manages power exchange with the grid and 

maintains DC-link voltage stability [1–4]. 
 

Several control approaches have been introduced to enhance 

power regulation and current performance in grid-connected 

PMSG systems. Among them, Direct Power Control (DPC) 

has attracted considerable interest due to its fast transient 

response and relatively simple implementation, as it eliminates 

the need for inner current control loops and pulse width 

modulation. Nevertheless, conventional DPC schemes are still 

affected by variable switching frequency, noticeable power 

oscillations, and vulnerability to grid disturbances [1, 5]. 
 

To address the limitations of classical DPC, several enhanced 

strategies have been proposed for PMSG-based WECSs. 

Recent developments have focused on improving switching 

performance, reducing power ripple, and enhancing harmonic 

quality through intelligent and modulation-assisted control 

structures. Approaches based on fuzzy logic, artificial neural 

networks, and sliding mode control have demonstrated 

improved dynamic and steady-state performance [1], [6], [7]. 

In addition, SVM-based, predictive and advanced DPC 

configurations have been increasingly adopted to achieve fixed 

switching frequency and better disturbance rejection [8], [9], 

[10]. Furthermore, recent studies have highlighted the growing 

integration of modified DPC and advanced MPPT techniques 

in modern PMSG systems [11]. 
 

Although several modified DPC strategies have improved 

performance, many of them increase algorithmic complexity 

or depend on additional modulation stages, thereby reducing 

the inherent simplicity of classical DPC. Unlike existing 

enhanced DPC methods, the proposed approach preserves the 

simplicity of classical DPC while improving harmonic 

performance. 
 

In this study, a modified DPC is proposed for the GSC of a 

wind-driven PMSG. The switching table is redesigned using 

three inputs: the direct-axis current error, quadrature-axis 
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current error, and the filtered grid-voltage sector obtained via a 

low-pass filter. This approach enables more accurate voltage-

vector selection, leading to improved stability and reduced 

harmonic distortion without adding computational burden. 

MATLAB-based simulations demonstrate stable power 

regulation with THD at the Point of Common Coupling (PCC) 

maintained below 5%, satisfying IEEE-519 limits under 

different operating conditions. 
 

The main contributions of this work are summarized as 

follows: 

• Reformulating the classical DPC framework through an 

alternative control representation that enhances control 

sensitivity. 

• Improving sector identification and switching decision 

accuracy within the DPC structure. 

• Developing a modified switching strategy that enhances 

steady-state performance without increasing control 

complexity. 

 

░ 2. SYSTEM MODELING 
The investigated configuration includes a wind turbine driving 

a PMSG, which is interfaced with the electrical grid via a 

controlled AC-AC converter and an intermediate DC 

capacitor, as illustrated in figure 1. 
 

 
 

Figure 1. Construction of PMSG-based WECS 
 

The MSC consists of three phase uncontrolled diode rectifier 

circuit and boost chopper which regulates the generator speed 

and electromagnetic torque, while the GSC ensures controlled 

power exchange with the utility grid and maintains the DC-

link voltage [12,13]. 
 

2.1. Wind Turbine and Pitch Control 
The turbine converts wind energy into mechanical torque 

applied to the PMSG rotor. The aerodynamic power depends 

on wind speed, air density, rotor swept area, and the power 

coefficient, which is a function of the tip speed ratio λ and 

pitch angle 𝛽 [12]. Below rated wind speed, 𝛽 is kept near 

zero to maintain 𝜆 ≈ 𝜆𝑜𝑝𝑡 for maximum power extraction, and 

the generator operates in MPPT mode. When the wind speed 

exceeds the rated value, pitch control is activated to increase 

𝛽, reducing aerodynamic torque and limiting the output power 

to its rated level. In this region, the turbine operates in power-

limiting mode using a PI controller to regulate 𝛽 based on 

rotor speed error [14-17]. 
 

2.2. PMSG Model 
The PMSG is represented in the synchronous dq-reference 

frame to capture its electromagnetic dynamics. In this frame, 

the stator voltage components 𝑣𝑑 and 𝑣𝑞  are expressed as 

functions of the corresponding current components 𝑖𝑑 and 𝑖𝑞 , 

the stator resistance 𝑅𝑠, the flux linkages 𝛹𝑑 and 𝛹𝑞 , and the 

electrical angular speed 𝜔𝑒, as presented in [18-20]. The stator 

voltage equations are: 

𝑣𝑑 = 𝑅𝑠𝑖𝑑 +
𝑑𝛹𝑑

𝑑𝑡
− 𝜔𝑒𝛹𝑞  (1) 

𝑣𝑞 = 𝑅𝑠𝑖𝑞 +
𝑑𝛹𝑞

𝑑𝑡
+ 𝜔𝑒𝛹𝑑  (2) 

 

The electromagnetic torque developed by the PMSG is given 

by [12]: 

𝑇𝑒 =
3

2
𝑝(𝑖𝑞𝛹𝑑 − 𝑖𝑑𝛹𝑞) (3) 

 

Where 𝑝 denotes the number of pole pairs. These standard 

formulations are widely used in PMSG-based WECS studies 

[21-25]. 
 

2.3. Boost Converter & Speed Regulator Interface 
The proposed WECS configuration utilizes a cascaded control 

structure to stabilize the DC-link voltage and enable maximum 

power tracking, as illustrated in figure 2. 
 

 
 

Figure 2. Cascaded control scheme for speed and current 

regulation 
 

The control scheme consists of two main loops. The outer 

control loop regulates rotor speed by processing the deviation 

between the reference speed (𝜔𝑟𝑒𝑓), obtained from the MPPT 

algorithm, and the measured rotor speed (𝜔𝑟). This error is 

handled by a PI controller to generate the reference inductor 

current (𝐼𝐿𝑟𝑒𝑓), which determines the required electromagnetic 

torque for optimal power extraction. The inner loop performs 

current regulation by comparing 𝐼𝐿𝑟𝑒𝑓  with the actual inductor 

current (𝐼𝐿). The resulting error signal is fed to a second PI 

controller to compute the duty ratio of the boost converter, 

ensuring proper current shaping and DC output voltage 

regulation. This cascaded control scheme ensures a fast and 

stable dynamic response, allowing the system to maintain the 

DC-link voltage within desired limits while maximizing the 

captured energy [26]. 
 

2.4. GSC Model and Control Overview 
The GSC is modeled as a two-level Voltage Source Converter. 

The signals controlling the gates of the converter are 

determined by the proposed Modified DPC strategy, which 

bases decision-making on the direct and quadrature current 

errors (𝐻𝑑 , 𝐻𝑞) and the filtered grid voltage sector 𝑆. Since the 

control law does not rely explicitly on instantaneous 

calculation of active and reactive powers, the detailed 

converter output voltage equations are omitted, and the 
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converter is instead implemented in simulation with controlled 

voltage sources as per switching decisions. 
 

Two common control strategies are widely used for the GSC 

in PMSG-based wind energy systems: Field Oriented Control 

(FOC) and DPC. In FOC, the converter currents are controlled 

in a rotating reference frame based on PWM to control the 

active and reactive power components independently, 

providing smooth and accurate control but with higher 

complexity [27, 28]. In contrast, DPC directly controls the 

instantaneous values of active and reactive powers using a 

switching lookup table based on the measured voltages and 

currents, which eliminates the need for PWM and current 

controllers, offering a simpler structure and faster dynamic 

response [1, 5]. 

 

░ 3. PROPOSED MODIFIED DPC 

METHOD 
3.1. Motivation and Concept 
Although the classical Direct Power Control offers a simple 

structure and fast dynamic response, it suffers from significant 

power ripples, variable switching frequency, and sensitivity to 

grid voltage distortion [1, 5]. To address these drawbacks 

while maintaining the simplicity of classical DPC, a Modified 

DPC (MDPC) strategy is proposed in this paper. 
 

The main contribution of the proposed method is the 

introduction of a new switching table based on direct and 

quadrature current component errors instead of instantaneous 

power errors, combined with a filtered grid voltage sector for 

improved voltage vector selection. This modification enhances 

stability, reduces total harmonic distortion (THD), and 

provides smoother control action at the PCC. 
 

3.2. Modified Control Structure 
The proposed MDPC maintains the same overall control 

framework as classical DPC but introduces three key 

improvements in the decision layer, as illustrated in figure 3. 

 

Figure 3. Block diagram of the proposed MDPC 

3.2.1. Current-Error-Based Decision Variables 

Instead of comparing instantaneous active and reactive 

powers, the proposed strategy uses the direct component error 

(𝛥𝑖𝑑) and quadrature component error (𝛥𝑖𝑞) as the main 

control variables. 
 

These errors are given by: 

𝛥𝑖𝑑 = 𝑖𝑑𝑟 − 𝑖𝑑 (4) 

  

𝛥𝑖𝑞 = 𝑖𝑞𝑟 − 𝑖𝑞  (5) 

Where; 𝑖𝑑  , 𝑖𝑞  are direct and quadrature components of the grid 

current in the two-axis rotating reference frame. The reference 

value of the direct-axis current (𝑖𝑑𝑟) is obtained by a DC-bus 

voltage PI regulator, which maintains the DC-link voltage at 

its rated value. On the other hand, the quadrature-axis current 

reference (𝑖𝑞𝑟) is obtained through a reactive power regulator 

followed by a voltage regulator, ensuring proper control of the 

reactive power and terminal voltage. 
 

Using current components directly provides faster error 

detection and more accurate control over the converter output 

voltage vector. 
 

3.2.2. Filtered Grid Voltage Sector Identification 

A Low-Pass Filter is used to reduce harmonic distortion and 

high-frequency noise of the instantaneous grid voltage. The 

filtered voltage is then used to determine the voltage sector (1–

6), ensuring robust operation even under grid distortion or 

measurement noise. 
 

The voltage angle is determined using the following equation: 

θ = sin−1
𝑣𝛽

√𝑣𝛼
2 + 𝑣𝛽

2
 (6) 

 

where 𝑣𝛼 and 𝑣𝛽 refer to the filtered voltage components in 2-

phase stationary frame obtained using Clarke transformation. 
 

This modification minimizes the risk of incorrect sector 

detection, which is a common issue in conventional DPC 

under unbalanced or distorted grid conditions. 
 

3.2.3. Modified Switching Table 

In a two-level voltage source inverter employed for a direct 

power controller, eight discrete voltage vectors are produced 

according to the switching states of the inverter legs. Six 

active vectors form a hexagonal structure in the α–β frame and 

control the instantaneous active and reactive power, the two 

remaining vectors are zero vectors and located at the origin 

and help maintain the power within the hysteresis bands [29]. 
 

A modified switching table is introduced based on the values 

of (𝛥𝑖𝑑 , 𝛥𝑖𝑞) and the filtered grid voltage sector. The table 

determines the optimal switching state of the converter (𝑣0 −
𝑣7) to bring the current components toward their references 

while minimizing ripple. The general structure of the modified 

table is similar to that of the classical DPC, but the control 

decisions are now current-oriented rather than power-oriented. 

The detailed proposed table is provided in table 1. 
 

░ Table 1. Proposed Switching table 
 

Hiq Hid S1 S2 S3 S4 S5 S6 
 

1 
 

 

1 V6 V1 V2 V3 V4 V5 

0 V7 V0 V7 V0 V7 V0 

-1 V1 V2 V3 V4 V5 V6 

-1 1 V4 V5 V6 V1 V2 V3 

0 V7 V0 V7 V0 V7 V0 

-1 V2 V3 V4 V5 V6 V1 
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There are six sectors determine the position of the filtered grid 

voltage, each spanning 60°. Sector 1 covers the interval from 

0° to 60°, while the remaining sectors are arranged 

sequentially. 
 

The proposed control strategy is based on regulating the d–q 

axis current components by minimizing the current errors. The 

error between the reference and measured currents is 

processed by the controller to generate the required voltage 

components. As a result, the current error dynamics are driven 

toward zero, ensuring accurate tracking of the reference 

values. Since identical controller tuning is applied, similar 

transient responses are observed among the methods, while the 

main improvement of the proposed approach is reflected in 

steady-state performance and ripple reduction. This current-

based regulation indirectly ensures proper control of active 

and reactive power. Simulation results presented in the 

following Section confirm that the proposed MDPC achieves 

superior performance compared to classical DPC under 

variable conditions. 

 

░ 4. SIMULATION MODEL AND 

RESULTS DISCUSSION 
4.1. Simulation Model 
To validate the performance of the proposed Modified DPC 

(MDPC) strategy, a detailed model of a 2 MW PMSG-based 

WECS was developed in MATLAB/Simulink. figure 4 

illustrates the Simulink diagram of grid-connected PMSG. 
 

 
 

Figure 4. Configuration of the studied grid-connected PMSG system 
 

As shown in figure 4, the generator is connected to a 60 Hz-

grid via B575 bus bar or PCC. The system parameters were 

selected according to typical industrial ratings. The parameters 

of the generator that used in the simulation are given in table 2 

and summarized as follows: 

░ Table 2. Generator’s Parameters 

Parameter Value 

Rated power 2 MW 

Line-line voltage  730 V  

Pole pairs  32  

Inertia constant 0.62 s 

Friction factor 0.01 pu 

Stator resistance; Rs  0.006 pu 

Direct-axis reactance  0.174 pu 

Quadrature-axis reactance  0.0632 pu 

The per unit values are calculated according to base values of 

730 V and 2.22 MVA, considering a power factor of 0.9. The 

generator is connected to the grid through a 0.1 mH filter. 

Wind turbine parameters are given in table 3. The controllers’ 

gains are provided in Appendix A, in Table A1. 
 

░ Table 3. Wind Turbine Parameters 

Parameter Value 

Rated wind speed 12.4 m/s 

Cut-in speed 6 m/s 

Cut-off speed 30 m/s 

Air density 1.225 kg/m³ 

Blade radius 45 M 

Turbine inertia constant 4.32 S 

Power coefficient (max) 0.45 

 

The simulation was carried out under steady wind speed 

corresponding to rated mechanical power, and the results were 

analyzed at the PCC. Loads of 1 and 2 MW were considered at 

a lagging power factor of 0.95, and the no-load condition was 

also considered in the analysis. 
 

In addition, for validation purposes, the simulation study 

includes four control strategies, namely classical DPC, the 

proposed MDPC, FOC, and SVM-based FOC, all 

implemented under identical operating conditions. 
 

4.2. Dynamic Performance Analysis 
4.2.1. Analysis at constant speed 
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(d) 

Figure. 5 Generator active power at 2 MW load and 13 m/s speed 

for: (a) DPC; (b) MDPC; (c) FOC; (d) SVM 

 

Figure 5 depicts the active power response for the different 

control strategies. All methods exhibit a unified dynamic 

behavior, characterized by a settling time of 8.5s and 

an overshoot of 12.5%. This identical transient performance is 

primarily governed by the high mechanical inertia of the 2MW 

PMSG and the consistent tuning of the outer DC-voltage loop. 

However, as summarized in table 5, a clear distinction 

emerges in the steady-state phase. The Classical DPC suffers 

from the highest power ripple (4.84%), whereas the Proposed 

MDPC significantly suppresses these oscillations to 3.31%. 
 

While FOC and SVM techniques maintain the lowest ripple 

profiles, the MDPC achieves a significant reduction in power 

oscillations compared to the classical DPC. This performance 

enhancement demonstrates that the MDPC can mitigate the 

inherent drawbacks of conventional DPC while preserving its 

characteristic dynamic response, making it a competitive 

alternative for high-power quality requirements. 
 

 
(a) 

 

 
(b)  

 

 
(c) 

 
(d)  

Figure. 6 DC-bus voltage at 2 MW load and 13 m/s speed for: (a) 

DPC; (b) MDPC; (c) FOC; (d) SVM 
 

The DC-link voltage response is illustrated in figure 6. All 

strategies succeed in maintaining the DC voltage at its 

reference level with a fast recovery time. According to the 

quantitative analysis in table 5, the Proposed MDPC exhibits 

improved regulation compared to both Classical DPC and 

FOC. Specifically, the MDPC reduces the voltage ripple to 

0.286%, a noticeable improvement over the 0.376% and 

0.323% recorded for Classical DPC and FOC, respectively. 

Although the SVM-based approach maintains the lowest ripple 

(0.189%) due to its fixed switching frequency, the MDPC 

offers a more stable DC-link voltage than the FOC. This 

enhancement contributes to the longevity of the capacitor bank 

and supports a high-quality power injection into the grid with 

minimized harmonic distortions. 
 

4.2.2. System Response Under Grid Fault and Variable 

Wind Speed 

 
Figure. 7 Active power response at 1MW load under SLG fault and 

variable wind speed conditions 
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The dynamic performance and robustness of the PMSG-based 

wind energy system are evaluated under severe disturbances, 

as illustrated in figure 7. Initially, the system operates at a 

rated wind speed of 13 m/s, delivering 2 MW of active power 

to a 1 MW local load at the PCC, with the surplus power being 

exported to the utility grid. At t=14 s, a Single Line-to-Ground 

(SLG) fault is initiated at the PCC for 9 cycles with a low fault 

resistance of 0.01 Ω. The magnified inset reveals high-

frequency oscillations during the fault, with a peak transient 

overshoot of approximately 2.43 MW. Despite this momentary 

surge, the controller demonstrates superior damping, restoring 

stability promptly upon clearance. 
 

At t=20 s, the system’s adaptability is tested by increasing the 

wind speed to 15 m/s. The active power output exhibits a 

transient overshoot, reaching approximately 2.38 MW. This 

peak is a realistic consequence of the mechanical inertia and 

the response time of the pitch actuators. However, this 

temporary increase does not compromise system integrity, as 

the pitch angle control successfully intervenes at t=27 s to 

regulate the power back to its rated 2 MW. This ensures that 

the PMSG operates within safe thermal and mechanical limits 

while maintaining reliable power sharing between the local 

load and the grid. 

 

4.3. Harmonic Performance (THD Analysis) 
The THD of the waveforms of both voltage and current at the 

PCC was evaluated using the Fast Fourier Transform (FFT) 

tool in Simulink. THD is calculated relative to fundamental. 

The results for the proposed method are illustrated in figure 

8(a) and (b), which present the harmonic analysis of the 

current and voltage at the PCC, respectively, under a load of 2 

MW and a 0.95 lagging power factor.  

 

 
(a) 

 

 
(b) 

Figure 8. THD analysis of the proposed MDPC at 2MW 

load for: (a) Voltage; (b) Current 
 

As shown in figure 8(a), the current THD is recorded 

at 2.76%, with a fundamental component of 0.9194, reflecting 

efficient power conversion despite the presence of the 5th 

harmonic at approximately 2.1%. Conversely, figure 

8(b) illustrates a superior harmonic profile for the grid voltage, 

where the THD drops to 1.64% and the fundamental 

magnitude improves to 0.9677. The comparative analysis of 

both figures highlights the system’s robust voltage regulation 

and the effectiveness of the filtering stage in suppressing 

converter-induced distortions. Ultimately, both profiles remain 

well within the permissible limits of the IEEE 519 standard, 

ensuring high-quality power injection into the utility grid. 

 

The THD values were evaluated, for the proposed method, 

under different load conditions and variable wind speeds. The 

following table 4 summarizes the measured THD values under 

different operating conditions. 
 

░ Table 4. THD values for the proposed method  

Condition/ THD% Voltage Current 

No load & 13m/s 3.65 3.88 

1MW & 13m/s 2.21 3.00 

1MW & 15m/s 2.25 2.94 

2MW & 13m/s 1.64 2.76 

 

It is observed from the table that as the load increases, the 

THD of both voltage and current decreases noticeably. This 

indicates that higher loading improves the waveform quality 

and reduces the harmonic content due to the better utilization 

of the converter switching states. The THD values of voltage 

and current are well below the IEEE 519-2014 recommended 

limit of 5% [30]. A comparison of the proposed method with 

other existing techniques is provided in table 5. 
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4.4. Comparative Performance Analysis 

░ Table 5. Comparative performance of different control 

methods 

Method 

THD 

(1MW) 

% 

THD 

(2MW) 

% 

Power 

Ripple 

% 

𝑽𝑫𝑪 

Ripple 

% 

𝑽𝑫𝑪 

Overshoot 

% 

DPC 3.86 3.82 4.84 0.376 8.9 

MDPC 3.00 2.76 3.32 0.286 8.9 

FOC 1.75 2.18 1.93 0.323 8.2 

SVM 1.76 0.63 3.18 0.189 7.1 

 

Table 5 presents a comparative performance analysis of the 

investigated control strategies. All parameters were evaluated 

at a wind speed of 13 m/s and a 2 MW load at the PCC, with 

THD also calculated for a 1 MW load condition. The proposed 

MDPC method significantly improves performance compared 

to classical DPC, reducing the current THD by approximately 

22% at 1 MW and 28% at 2 MW. In addition, the power ripple 

and DC-link voltage ripple are reduced by about 31% and 

24%, respectively. Moreover, an SVM-based method is 

included as an advanced technique, showing the lowest 

harmonic distortion. Although FOC achieves the minimum 

ripple, the proposed method provides a comparable 

performance with a simpler implementation. Overall, the 

proposed approach offers a good trade-off between 

performance and complexity. 
 

The presented results are based on a detailed simulation model 

with realistic parameters; however, experimental validation 

will be considered in future work. 

 

░ 5. CONCLUSIONS 
This work presented the implementation and performance 

evaluation of a modified Direct Power Control strategy for a 2 

MW PMSG grid-connected system. The proposed scheme 

demonstrated satisfactory dynamic response, precise power 

regulation, and robust DC-link stability. Under various loading 

conditions and wind speeds, the system consistently achieved 

steady-state operation within 8.5s with negligible error. 
 

To verify the design's robustness, a comparative analysis and 

disturbance testing were conducted against classical DPC and 

FOC-based methods. The results highlight that the modified 

switching table ensures smoother voltage-vector transitions 

and significantly reduces instantaneous power ripples. 

Regarding power quality, the measured THD for both voltage 

and current remained strictly within IEEE 519 limits, with 

performance further improving at higher power levels. 
 

Furthermore, the proposed strategy is computationally 

efficient, requiring fewer control parameters than advanced 

methods like predictive DPC or SVM. Overall, this modified 

DPC offers a robust, cost-effective, and power-quality-

compliant solution for wind-driven PMSG systems, 

maintaining high stability across a wide range of operating 

conditions. 
 

░ Appendix A 

░ Table A1. Control Parameters for controllers 

Controller Parameter Value 

Pitch controller Kp 15 

DC bus voltage regulator Kp, Ki 1.1, 27.5 

Var regulator Ki 0.05 

Voltage regulator Ki 2 

Speed regulator Kp, Ki 5, 1 

Boost current regulator Kp, Ki 0.025, 10 

Hysteresis comparator  Bandwidth 0.01(pu) 
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