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Abstract: - This paper introduces a direct power control strategy for a grid-connected voltage-source inverter. 

The proposed control strategy is implemented in the stationary reference frame without the necessity of the 

synchronous d-q transformation. The proposed control strategy based on the deadbeat current control technique 

and the relations between the grid currents and the instantaneous active and reactive power in the stationary 

reference frame.  Then, the required inverter voltage in α-β reference frame is calculated directly based on 

instantaneous errors of active and reactive power. For its advantages, space vector modulation (SVM) is chosen 

to generate the VSI gating signals. Due the simplicity of the proposed control strategy, a fixed point 

microcontroller is used for control implementation.  Extensive simulation and experimental results are provided 

which confirm the validity of the proposed control technique.  
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1. Introduction 
 

Recently, renewable energy sources have more 

attention of researchers and investors. Among the 

available renewable energy sources, the photovoltaic 

(PV) is considered the most promising technology 

especially in distributed generation systems (DGS). 

Distributed generation generally refers to small-scale 

(typically 1 kW – 50 MW) electric power generators 

that produce electricity at a site close to customers or 

that are tied to an electric distribution system [1]. In the 

grid-connected mode, maximum power is extracted 

from the PV system to supply maximum available 

power into the grid. Single-stage and two-stage grid-

connected systems are commonly used topologies in 

single- and three-phase PV applications [2-5]. In a 

single-stage grid-connected system, the PV system 

utilizes a single conversion unit (dc/ac power inverter). 

However, to fulfill grid requirements, such a topology 

requires either a step-up transformer or a PV array with 

a high dc voltage. On the other hand, a two-stage grid-

connected PV system utilizes two conversion stages; a 

dc/dc converter for boosting and conditioning the PV 

output voltage and tracking the maximum power point 

(MPP), and a dc/ac inverter for interfacing the PV 

system to the grid. In such a topology, a high-voltage 

PV array is not essential, because of the dc voltage 

boosting stage. Single-stage inverters have gained 

attention, especially in low voltage applications.  

The conventional voltage source inverter (VSI) is 

the most commonly used interface unit in grid-

connected PV system technology due to its simplicity 

and availability [6]. Control of VSI can be divided into 

indirect and direct control strategies. The indirect 

control is characterized by a voltage modulator (such as 

space vector modulation SVM or sinusoidal PWM) 

which computes the on/off times of inverter switches 

along a switching period through the evaluation of the 

voltage reference. This voltage reference is produced 

by the current controllers, which considers the inverter 

as a continuous voltage source. On the other hand, the 

direct control technique is aimed to control the 

instantaneous active and reactive powers and obtains a 

direct relationship between behavior of active and 

reactive power and the inverter output voltage vector. 
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The commonly used method of indirect power 

control is the voltage oriented control (VOC). VOC is 

based on the current vector orientation with respect to 

the grid voltage vector. In this technique, the line 

currents are decoupled into active and reactive power 

components in the d-q reference frame. Two PI 

controllers are used to control the decoupled 

components of the line currents to achieve indirect 

power control. VOC provides good transient behavior 

and PI current controller ensures zero steady state error. 

Besides its complex algorithm, one main drawback for 

this control scheme is that the performance relies highly 

on the tuning of the PI controller parameters.  While 

direct power control (DPC) is based on the 

instantaneous active and reactive power control. In 

DPC, there are no internal current control loops and no 

PWM modulator, because the inverter switching states 

are directly selected by a look-up table based on the 

instantaneous errors between the commanded and 

measured values of the active and reactive powers. 

Compared to VOC, DPC has a simpler algorithm, no 

current control loops, no coordinate transformation, no 

separate PWM voltage modulator, and it has better 

dynamics performance. On the other hand, variable and 

higher switching frequency are the well-known 

disadvantages of the DPC scheme. This problem can be 

solved by space voltage modulation technique. SVM 

modulator based on a predictive power model was 

developed in [7-9]. The method, however, was 

implemented in the synchronous reference frame, 

which necessitates the angular information of network 

voltage and the synchronous coordinate 

transformations. A similar DPC scheme combining 

SVM and predictive approach was designed in [10]. A 

similar work was developed by the authors based on 

direct power transfer and was published in [17]. 

The present paper introduces design and 

implementation of deadbeat direct power control 

technique to control active and reactive power injected 

to the utility grid in grid-connected distributed power 

generated system. Proposed space vector modulator 

(PSVM) is used to output inverter vectors under a 

constant-switching-frequency operation.  

 

 

2. Grid Connected System Modelling 

2.1 Grid-Connected DC/AC Inverter System 

The grid connected inverter system is composed of 

three phase two-levels inverter connected to the utility 

grid via 3-phase smoothing inductance (L) and 3-phase 

transformer. The system is connected to photovoltaic 

system to fed utility grid with power from this 

renewable energy source as shown in Fig. 1. 

 

 

Figure 1, Grid connected DC/AC inverter system. 

 

2.2 Grid Connected Inverter Modeling 

Considering the grid supply and the output from a 

grid connected dc–ac inverter as an ideal voltage 

sources, Fig. 2 shows the simplified equivalent circuit 

of ac side of the inverter in αβ-reference frame. 

 

Figure 2, Equivalent circuit of grid-connected inverter. 
 

2.2.1. The proposed system model in α-β reference 
frame 

Considering the grid supply is an ideal voltage 

source, neglecting resistance (r) of the smoothing 

inductor, the relationship between the inverter output 

voltage ( v  ) and the grid voltage (u  ) in α-β reference 

frame can be given by: 

( ) ( ) ( )

( ) ( ) ( )

v t u t i td
L

v t u t i tdt

  

  

     
      

     
   (1)  

 
 

The inverter vector can be expressed in discrete 

form as: 

( ) ( ) ( 1) ( )

( ) ( ) ( 1) ( )

v k u k i k i kL

v k u k i k i kT

   

   

      
      

      
  (2) 

 

 On the basis of the dead beat control scheme [11-

12], and to make the actual current follows the 

reference current, the following relations are satisfied: 

( 1) ( )

( 1) ( )

ref

ref

i k i k

i k i k

 

 

   
   

   
   (3) 

As a consequence, by substituting (3) into (2), (2) 

can be written in the following form: 
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( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

ref

ref

v k u k i k i kL

v k u k i k i kT

   

   

     
      

     
 (4) 

Where: 

 T  is the sampling period of the discrete system. 

 
 

The grid active and reactive power can be 

calculated in α-β reference frame as [13]: 

( ) ( ) ( )( ) 3

( ) ( ) ( )( ) 2

u k u k i kP k

u k u k i kQ k

  

  

    
           

  (5) 

The current components in α-β reference frame can 

be obtained from (5) as: 

2 2

( )

( )

( ) ( ) ( )2

( ) ( ) ( )3( ( ) ( ))

i k

i k

u k u k P k

u k u k Q ku k u k





 

  

 
 

 

   
      

 (6) 

 

 Also reference current can be expressed as: 

2 2

( )

( )

( )( ) ( )2

( )( ) ( )3( ( ) ( ))
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ref

ref

ref

i k

i k

P ku k u k
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      (7) 

 
 

Substitution from (6) and (7) into (4), (4) can be 

written as follows:  

2 2

( ) ( )

( ) ( )

( ) ( )( ) ( )2

( ) ( )( ) ( )3( ( ) ( ))

ref

ref

v k u k

v k u k
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v k u k
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u k u k Q kT u k

 

 

 

 

   
    

   

   
      

  (9) 

 

Where: 
 2 2 2( ) ( ) ( )su k u k u k    

 

Using (9), the required inverter voltage in α-β 

reference frame can be calculated directly based on 

instantaneous errors of active and reactive power. This 

voltage is able to clear the power errors by the deadbeat 

at the end of the next sample.  

From (9), the controller simplicity is clear. The 

control action just includes evaluating two simple 

algebraic equations in each sampling period that can be 

easily implemented using fixed point microcontroller. 

Fig.3 shows the block diagram of the proposed control 

system. In Fig. 3 the reference power refP
 is obtained 

from maximum power point tracking (MPPT) 

controller whereas the reactive power reference refQ
 is 

set to zero for unity power factor operation. Using 

Clark transformation, the three phase voltage and 

current signals are converted to two orthogonal signals 

[14]. From (5), the injected active and reactive power 

can be calculated, and from (9), the inverter voltage in 

αβ reference frame (
,v v  ) can be calculated.  

 

 

 

Figure 3, Block diagram of the proposed control system. 
 

 

The inverter gating signals that control the VSI to 

generate the required voltage can be generated using 

one of the PWM generating techniques as sinusoidal 

pulse width modulation (SPWM), hysteresis PWM, or 

space vector pulse width modulation (SVPWM). Space 

vector modulation (SVM) is chosen to generate the VSI 

pulses for its advantages as more efficiency in using dc 

voltage, less output harmonic contents, and it has 

constant switching frequency for ease of filtering 

purpose. So, (9) is used to generate PWM signals for 

VSI using SVM technique.  

A three-phase two-level inverter provides eight 

possible switching states, made up of six active states 

(v1-v6), and two zero switching states (v0,v7).  Any 

reference vector sV
 can be represented in α-β-plane as: 

 

s sV v jv V          (10) 

Where 
2 2

sV v v   , 
1tan

v

v





      

Since VSI cannot instantaneously generate VS, the 

space-vector PWM principle consists in producing T-
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periodic voltage whose average value equals to VS. In 

sector number (n), SVM generates Vn during period 1t , 

generates Vn+1 during period t2 and generates v0/v7 

during period t0.  

 

Where: T = t1 + t2 + t0. 

General expressions for these times can be written 

in a unified way as [15]: 

1 1

3
sin( )

3

s

dc

V T
t

V


       (11) 

2 1

3
sins

dc

V T
t

V
      (12) 

0 1 2st T t t        (13) 

 

Where: 

 
1 ( 1)*

3
n


    , 

10 / 3    

3. Simulation results 
Simulation model of three-phase grid connected 

system is built using MatLab/Simulink environment to 

verify the controller operation. The simulated system 

parameters are given in Table 1.The simulation is 

carried out in two phases; steady-state phase and 

transient operation phase. Fig. 4 shows the 

MatLab/Simulink model of the proposed system. 

 

 

Table 1, System parameters for simulation and 

experimental tests 

DC bus voltage 113V 

Transformer turns ratio 36/220 V 

Grid Phase voltage 220 V 

Grid frequency 50 Hz 

Inductance 5 mH 

Switching frequency 10 kHz 

 

 

 

Figure 4, Simulink model of the proposed photovoltaic grid-connected system. 

 

 
3.1. Steady-state response simulation results 

 

Figures 5-10 show the response of the proposed 

controller at steady state. Fig. 5 shows 
, , ,sv v v  and


that generated from deadbeat controller. Figures 6-7 

show SVM block operation. Fig. 6 shows switching 

times 1 2, ,t t
and 0t  from SVM block using equations 

(11-13) whereas Fig. 7 shows the switching pulsed 

, ,a bs s
and cs

that generated to switch VSI.  Fig. 8 

shows the inverter output phase voltage av
 and grid 

phase voltage au
. Fig. 9 shows steady state simulation 

results for 3-phase current at the top, active power 

(middle plot) and reactive power (lower plot) that 

injected to grid for unity PF operation. Fig. 10 shows 

the relation between injected current and grid voltage 

of phase-A for unity PF. As shown in this figure, phase-

A current is in phase with phase-A voltage of the grid. 

These waveforms confirm the proper operation of the 

proposed controller. As shown in these figures, the 

controller provides accurate regulation of injected 

active and reactive power to the grid for unity power 

factor operation.  
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Figure 5, Simulation results at unity power factor for v ,

v , sv , and  .  

 

 

Figure 6, Simulation results for SVM calculated times , 

0 1, ,t t  and 2t . 

 

 

Figure 7, Simulation results for VSI gating pulses Sa, Sb, 

and Sc. 

 

 

Figure 8, Simulation results for inverter voltage va, and grid 

voltage ua. 
 

 

 

Figure 9, Steady state simulation results for 3-phase current 

and injected active and reactive power to grid for unity PF. 

 

 

 

Figure 10, Steady state simulation results for phase-A grid 

voltage (ua) and phase-A current (ia) injected to grid for 

unity PF. 
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3.2. Transient response simulation results 

Figures (11-13) show simulation results for 

transient state operation of the simulated system with 

the proposed deadbeat controller. In these figures a step 

change in reference active power is set and the results 

are recorded. Fig.11 shows step change in active power 

where the reactive power still at zero value and the 

three phase current response for this step change is 

recorded. The fast dynamic response of active power is 

clear in this figure where there is no effect on the 

reactive power. Also, Fig.12 shows the effect of this 

step change in reference active power to the values of 

, sv v and v  . The value of sv is slightly increases as 

the active power increased.   Fig. 13 shows transient 

operation effect on phase-A current ai and its relation 

with the grid phase-A voltage au
. The fast power 

tracking capability of the proposed controller is clear as 

shown in those figures. 

 

 

Figure 11, Transient state simulation results of 3-phase 

current for step change in active power. 
 

 

Figure 12, Transient state simulation results of , , sv v v 

for step change in active power. 

 

Figure 13, Transient state simulation results for phase-A 

grid voltage ( au ) and phase-A ( ai ) injected current to grid 

for unity PF. 

 

4. Experimental verification 

The procedure of hardware implementation is 

divided into three stages; 

1. Testing of system components (TSC) stage and 

phase sequence estimation (PSE), 

2. Static mode converted stage, 

3. Dynamic mode converter stage. 

 

4.1. TSC and PSE 

In this mode the different system components 

constructed the converter system like; System 

controller, Universal Inverter Module (UIM), Isolation 

amplifier (IA) and inductors performance were tested 

to be sure that it works properly. The system is 

integrated as shown in the following figure. 

 

Figure 14, constructed converter system 
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The system controller that is Maple microcontroller is 

connected via a flat cable to the universal inverter 

module. It could be seen that gates of the six switched 

has a red color by means that the gates control signal 

are received from the microcontroller. During testing of 

the system components, the DC link implemented in 

the UIM is used instead of PV source. The output 

power signals of the UIM are connected to the IA via 

inductors. The phase sequence of the grid must be 

synchronized with the phase sequence of the inverter 

power signals. For this purpose, the grid three phase 

signals were presented on oscilloscope with phase A of 

UIM as shown in the following figure. 

 

Figure 15, Phase sequence Estimation 

 

From figure 15, it could be depicted that phase A 

of UIM “green color” is synchronized with utility grid 

phase A “yellow color”, and this orientation of power 

wires connection is fixed in all implementation stages. 

4.2. Static mode converted stage 

In this mode the system operation is tested under 

fixed DC voltage from DC link implemented as shown 

in the following figure 16. 

 

Figure 16, Static Mode Converter Testing 

 

4.3. Dynamic mode converted stage 

Grid-connected system prototype is built in the 

Lab. to verify the proposed power control strategy for 

the grid connected photovoltaic generation system. 

Fig.14 shows the experimental setup system.  

 

 

Figure 17, Experimental setup circuit. 

 

The system is composed of 3-phase VSI, 3-phase 

smoothing inductance, 4-channel isolation amplifier, 

step-up transformers, control card, and oscilloscope. 

The control card is composed of 32-bit fixed-point 

microcontroller and signal conditioning circuit. The 

microcontroller advanced control timers consist of a 

16-bit auto-reload counter driven by programmable 

prescaler [16].  

It is used to generate PWM waveforms with 

complementary PWM output. It can be insert software 

dead-time between the signal and its complement. The 

timer also is used to generate interrupt each 100μsec for 

10 kHz switching frequency of SVM. Three compare 

registers in the hardware timer are used to compare the 

computed values for three PWM values with preload 

register content.  

The dead time is set to 3μs between each signal and 

its complement to prevent overlap or short circuit 

between upper and lower switch at the same leg of the 

inverter. The experimental system parameters are the 

same as of the simulated system that listed in Table 1. 

 

4.1 Experimental Results 

The installed PV array is shown in the following 

figure. It consists of 12 modules, 180W each.  

During hardware implementation of experimental 

work, a scaled down PV system is applied to be 

matched with power switching, transformer and 

inductors rating. 
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Figure 18, Installed PV Array [18] 

 

The experimental results are arranged as steady 

state and transient operation. The steady state results 

are presented to confirm the proper operation of the 

proposed controller. The transient operation shows the 

dynamics of the system for tracking changes in 

reference commands. The vertical scales for the 

experimental results will be as follows: P=100 W/div, 

Q=100 Var/div, u=40 V/div, i= 1 A/div. 

 

4.1.1 Experimental steady state Results 

Figs. 19-22 show experimental steady state results 

of the proposed grid-connected system. These figures 

illustrate the delivered active and reactive power to the 

grid, phase-A voltage and current at different cases of 

operation. Fig. 19 illustrates the controller output as 

,v v  and voltage vector amplitude Sv and angle  It is 

obvious that v  and v  are two equal and orthogonal 

signals.  

 

Figure 19, Calculated voltage vector components ,v v   , 

their vector amplitude sv and angle , Scale: time = 

20ms/div, ,v v  =50 V/div, sv =100 V/div,   = 0:2π. 

 

Fig. 20 illustrates PWM signals for three phases of 

the inverter. Fig. 21 shows the 3-phase injected current 

to the grid and phase-A voltage of the grid. The injected 

phase-A current is in phase with the grid phase-A 

voltage au . This is clear in Fig. 22, where there is an 

active power only and reactive power that injected to 

the grid is set to zero. Phase-A voltage and phase-A 

injected current are in phase for unity power factor 

operation.   

 
Figure 20, Microcontroller three phase PWM output 

signals,  

Scale: time = 20ms/div, Sa, Sb, and  Sc=5 V/div. 

 

 
Figure 21, Experimental steady-state unity power factor 

operation,   

Scale: time = 20ms/div, u=40 V/div, i= 1 A/div. 

 

Figure 22, Experimental steady-state unity power factor 

operation case, Scale: time = 20ms/div, P=70 W/div, Q=70 

var/div, u=40 V/div, i= 1 A/div. 
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4.1.2 Experimental transient response results 

Fig. 23 illustrates transient response for step 

change in active power while no reactive power is 

injected. It also shows the step response of injected 3-

phase current. Figures 24-25 show two cases of phase-

A current step response with phase-A voltage while 

there is step change in active power. These figures 

illustrate the fast dynamic response of the system 

current during step change in power command.  

 

5. Conclusion 
Space vector modulation deadbeat power controller 

is proposed in this work. The controller is designed, 

simulated and implemented experimentally in α-β 

reference frame. The inverter voltages are deduced 

from the instantaneous power errors, so direct 

relationship between inverter voltage and required 

active and reactive power is found. In this technique, 

space vector modulation is used to generate inverter 

switching pulses to obtain constant switching 

frequency. Also, there is no need for current control 

loops or coordinate transformation in this technique. 

With the proposed strategy we gained the simplicity of 

the DPC technique and advantage of fixed switching 

frequency operations. Due to the simplicity of 

controller equations, a fixed-point microcontroller is 

used to implement the control algorithm. In the paper, 

simulation and experimental results for both steady 

state and transient operation are presented. The steady 

state results show that the proposed controller can 

provide accurate control of active and reactive power. 

Fast signal tracking capability of the proposed 

controller is illustrated by transient performance 

results. The experimental setup and results show that 

the control technique is very simple and has excellent 

performance.  

 

Figure 23, Experimental step-change in active power and 3-

phase current response,  

Scale: time = 20ms/div, P=70 W/div, i= 1 A/div. 
 

 

Figure 24, Step change in P while Q=0; and phase-A 

voltage and current relation, 

Scale: time = 20ms/div, P=70 W/div, Q=70 var/div, u=40 

V/div, i= 1 A/div. 

 

Figure 25, Step change in P while Q=0; while lower plot 

indicates phase-A current response, 

Scale: time = 20ms/div, P=70 W/div, Q=70 var/div, u=40 

V/div, i= 1 A/div. 
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