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Abstract- This paper presents a direct power control (DPC) of a 

grid connected three phase bidirectional ac-dc converter. The 

proper utilization of power generated from solar PV and its 

integration with the grid is essential for uninterrupted 

electrification. The solar generated power is dc in nature and is 

converted to ac using inverter for grid connection. A dc-dc boost 

converter is used for interfacing PV panel with the dc link and 

Perturb and Observe technique is implemented for tracking the 

maximum power from solar. The direct power control technique 

controls the instantaneous active and reactive power by selecting 

a suitable switching state from the switching table. The 

maximum power extracted from the solar is injected to the loads 

or to the grid depending on the requirement of the ac and dc 

loads. The converter allows the power flow in both direction and 

the phase between the grid voltage and current identifies the 

power flow direction.  

Index Terms— MPPT, P&O, DPC, Hysteresis comparator, Active 

and Reactive powers, Power factor. 

I. INTRODUCTION 

With technological advancement, researchers are focusing on 

new generation capacities and efficient energy sources which 

are sustainable, cheap and eco-friendly. To abate such 

environmental issues governments and industries are 

concentrating on wider application of renewable energy 

sources. Solar power technology is an efficient and feasible 

alternative source of renewable energy. Solar PV panel 

absorbs radiation from the Sun and convert that energy into 

electrical energy by Photovoltaic (PV) effect.  The generated 

power is rectified according to various applications using 

power electronics converter. The power generated from the 

solar PV panel is DC which is either stored in storage system 

or converted to ac using a voltage source inverter and then 

connected to the grid. This is grid integration of solar PV 

marks the system more efficient and reliable. For the 

integration of solar with the grid, we use ac-dc converters. The 

usage of thyristors and diode in rectifiers for this conversion 

draws non-sinusoidal current and thus harmonics in the 

current increases. This increases the rating of the equipment’s 

like generators, transformers and transmission lines. Thus, it 

is important to maintain the quality of voltage and current of 

the grid. 

Bidirectional ac-dc converters have become an attraction 

point in the system where utility grid is interfaced. The major 

advantages of these converters are the low harmonic currents 

which ensures sinusoidal grid current, better steady state and 

dynamic performance, bidirectional capabilities and improved 

efficiency. For the optimum power flow in the system, a 

controller is required to regulate voltage and power flow. 

Many different control strategies have been presented by 

researchers on these ac-dc converters. A DPC is used in this 

research for the control of ac-dc converters. This control 

strategy has advantages of fast dynamic response, high power 

factor, simple structure and lower harmonics current [1]. DPC 

controls the converter switching by controlling the active and 

reactive power. It uses voltage and current sensors to estimate 

the dc voltage, grid voltage and current which are required for 

the estimation of active and reactive power. A total of 4 

voltage sensors and 3 current sensors are used. The dc voltage 

sensor estimates the actual dc voltage and PI controller helps 

in maintain this dc voltage to the desired level. The controller 

of ac-dc converter uses a dual loop control, where the outer 

loop controls the voltage and the inner loop controls the active 

power. The reactive power is controller using a hysteresis 

comparator where the command reactive power is maintained 

zero which gives the unity power factor. This algorithm 

divides the transformed voltage vector into six sectors. The 

switching table is formed with the sector and hysteresis output 

of reactive and active power. The suitable switching state of 

the converter is given by the switching table. 

The integration of PV with utility grid is done using this 

bidirectional ac-dc converter. Output of the ac-dc converter is 

linked to PV using a dc-dc boost converter. MPPT algorithm 

is applied in this dc-dc converter for getting the maximum 

power. The most commonly used algorithm, Perturb and 

Observe (P&O) is cast-off here. The solar PV feeds dc loads 

if any, and the excess power is converter to ac via converter. 

The bidirectional power flow is indicated by the grid current 

and voltage. When the power is supplied by the grid, current 

and voltage are in phase. When the power is taken by the grid, 

the grid voltage and current are out of phase.  

A system is designed with the dc and ac loads on the system. 

Solar PV is connected on dc side and the three-phase grid is 



connected on the ac side.  The operation of the designed 

system with the variation in solar power and load is simulated 

in MATLAB/ SIMULINK. The modelling of solar PV is done 

in section II, which uses a boost converter. Section III models 

the bidirectional three-phase ac-dc converter. The DPC 

strategy for this converter is studied in section IV. A system is 

designed which integrates solar PV with the grid in section V. 

The operation of DPC and the performance of the designed 

system at various conditions are presented in section VI and 

section VI concludes the work. 

II. PV ARRAY MODELLING 

The light energy from the sun is converter to electric energy 

by solar cells. The conversion is based on the photovoltaic 

effects. The solar power is interfaced with the dc link using a 

boost converter as shown in Fig.1. 

 

Fig. 1.  Solar panel interfaced with dc link using boost converter 

The output current from the PV panel is given by the 

mathematical equation represented as: 

1

sV IR
q

snkT
pv ph r

sh

V IR
I I I e

R

+ 
+ = − − −

 
 

         (1) 

Where V represents the output PV voltage, Ir is the saturation 

current, Iph is the photocurrent q is the electrical charge, η is 

the quality factor of p-n junction, k is the Boltzmann constant 
and T is the temperature. 

The PV system operates at maximum power point using 

MPPT techniques. Various MPPT techniques are used in 

literature like Perturb and Observe (P&O), incremental 

conductance, fuzzy logic, etc. In this research P&O algorithm 

is implemented on dc-dc boost converter. The power from the 
cell depends on the atmospheric conditions like irradiance and 

temperature. With the increasing irradiance, the output power 

from the solar panel increases. DC loads can be connected 

parallel to the dc link as shown in Fig. 1. 

III. DIRECT POWER CONTROL 

The direct power control of three-phase ac-dc converter 

controls the instantaneous active and reactive power and 

maintains unity power factor at the grid side. Fig 2 shows the 

ac-dc converter used to interface grid with the PV system. The 

control algorithm uses four voltage sensors to measure DC 

output voltage and three phase grid voltage. To measure the 
three-phase input current, three current sensors are required. 

The regulation of dc link voltage is done by the active power 

and the reactive power is maintained at zero for ensuring the 

unity power factor. The three-phase quantities like voltage and 

current are transformed to two phase stationary frame using 
Clarke Transformation. The two subsystems in Fig. 2 

represents the αβ transformation of the three-phase voltage 

and current. Equation (2) gives the transformation matrix 

where Xa, Xb, and Xc are three-phase input quantities and X� 

and X� represents the two-phase components. 

 

Fig. 2.  Configuration of Direct Power Control of ac-dc converter 

The transformed quantities in αβ-frame are then used to 

calculate the instantaneous active and reactive power using eq. 
(3). 
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The reference for the active power is given by the outer loop 

PI dc voltage controller and the reference reactive power is set 

to zero. The error between the estimated power and the 

reference or command power are given to the hysteresis 

comparators and the output of these comparators are digitized 

signals dp and dq.  

For active power controller: 
ref

pP P hp, d 0− < − =     (4) 

ref
pP P hp, d 1− > − =      (5) 

For reactive power controller: 
ref

qQ Q hq, d 0− < − =     (6) 

ref
qQ Q hq, d 1− > − =      (7) 

The phase of the input voltage vector in αβ-frame is given 

by θ. In this research, the αβ plane is divided into six sectors 

as shown by Fig. 3. 
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Fig. 3.  Sectors of input voltage vector on αβ-plane 

Table I: Switching Table for Direct Power Control 

Power Error 
Sector Position (θn) and Voltage Vector 

(Vn) 

dP dQ θ1 θ2 θ3 θ4 θ5 θ6 

0 0 V6 V1 V2 V3 V4 V5 

0 1 V7 V0 V7 V0 V7 V0 

1 0 V1 V2 V3 V4 V5 V6 

1 1 V2 V3 V4 V5 V6 V1 

The estimated quantities dp, dq and sector are input to the 

switching table given by Table I. These inputs generate the 

optimum switching state of the converter to maintain the 

required dc voltage, active power and reactive power. The 

voltage at the dc link is controlled using a PI voltage controller 

whose output give a reference to the active power. 

IV. PROPOSED CONTROL METHOD FOR GRID CONNECTED PV 

SYSTEM 

The structure for the grid connected solar PV system is given 

by Fig. 4. The system consists of PV panel which is interfaced 

with the dc link using a boost converter. The three-phase ac 

grid is connected via a three-phase bidirectional ac-dc 

converter. A fixed dc load is connected on the dc side and a 

three-phase load is connected on the grid side as shown in 

Fig.4. The direct power control technique controls the power 

flow in the system and regulates a constant voltage at the dc 

link. Two operating modes are studied in this research. 

Case 1: When power is generated by the solar PV 

In this case, the PV panel operates at maximum power point 

and solar power generated feeds the dc load and the excess 

generated power is converted to ac by a converter operating as 

inverter. This power is given to the ac load or the grid 

depending on the load demand.  

, –  conv PV load dcP P P=      (9) 

,   load ac grid convP P P= +      (10) 

Where, PPV and Pgrid is the power given by the solar and grid 

respectively. The power conversion taking place by the 

interfacing converter is Pconv. Pload,dc and Pload,ac is the load 

demand on ac and dc side respectively. The efficiency of the 

system improves as the solar power generated is completely 

utilized.  

Case 2: When power generated by solar PV is zero. 

In this case, the power to all the loads is supplied by the 

grid. The ac power from grid is converter to dc using ac-dc 

converter. The dc voltage at the output is maintained by the 

grid. 

, ,  grid load ac load dcP P P= +     (11) 

The proposed control algorithm improves the efficiency and 

overall performance of the system. It ensures the uninterrupted 

supply to the load with the variation in atmospheric conditions 

and demand. 

 
Fig. 4.  Designed circuit for grid connected PV system 

V. SIMULATION RESULT AND DISCUSSION 

The main parameters used in simulation are given in Table II. 

The system is simulated in MATLAB/Simulink environment. 

An irradiance level of 1000 W/m2 and temperature of 25 οC is 

used in simulation of solar PV panel. 

A. Direct Power Control of Converter 

This technique divides the angle between the alpha and beta 

axis voltages and divides them on sectors as shown by Fig.5. 

The direct power control of ac-dc converter allows the 

production of almost 3-phase sinusoidal current from the grid 

with unity power factor as shown in Fig. 6 and 7. 

 
Fig. 5. Input Voltage vector angle and sectors. 

Table II Simulation Parameters for DPC and PV panel 



Parameters Values 

Source Voltage 125 V 

Source Impedance Rs, Ls 0.1 Ω, 0.01 mH 

Filter Impedance Rf, Lf 0.1 Ω, 2.6 mH 

DC link Capacitor 2000 µF 

Supply Frequency 50 Hz 

DC link Voltage  400 V 

PV module 1Soltech 1STH-215-P 

Parallel Strings 10 

Series connected modules 8 

 

 

 
Fig. 6. Three phase grid voltage and grid current 

 
Fig. 7. Unity power factor between grid voltage and current 

B. Grid connected Photovoltaic System 

The ac-dc converter allows the bidirectional flow of power. 

The power generated by solar PV can be converter to ac and 

stored in the grid as well as the power from the grid can also 

fulfill the demand of the dc load when needed. The power flow 

from the source during both the operating mode is shown in 

Fig. 8. This control algorithm maintains the unity power factor 

of the system by maintain zero reactive power. 

From t = 0 sec to t = 0.5 sec, the power generated by solar 

is taken by the grid, which is indicated by the negative power. 

In this case, the converter operates as an inverter. At t = 0.5 

sec, the solar PV does not produce any power, so to feed the 

dc load of 8 kW, grid supplies the power and converter works 

as a rectifier. The phase between the voltage and current for 

these two modes are given by Fig. 9. 

C. Power flow with variation in irradiance. 

A designed system with 3-phase ac load connected on the 

ac side and dc load at the dc link as shown by Fig. 4 is 

simulated in this section. The power flow from the grid is 

studied when the solar power varies. The power generated by 

PV depends on the irradiance level. In this section the 

irradiance level of solar PV is varied from 1000 W/m2 to 0 at 

t = 0.5 sec as shown by Fig. 10. 

 
Fig. 8. Active and Reactive power at the grid end. 

 
Fig. 9. Grid voltage and current during bidirectional power flow  

 
Fig. 10. Irradiance level and voltage at the dc link 

During t = 0 sec to t = 0.5 sec, the solar panel operates at 

maximum power and maintains the voltage at the dc link. An 

8kW dc load is fed from the PV power. The excess power 

generated is fed to the ac side using inverter. The power flow 

at the interfacing converter is shown by Fig. 11. The ac load 



at the grid side is fed from the converted solar power and the 

remaining power is given by the grid. At t = 0.5 sec, the 

irradiance is zero and thus the power generated from PV panel 

is zero. To maintain the uninterrupted supply to the dc load, 

the power is supplied by the grid. The dc link voltage is 

maintained by the grid in this case. 

 
Fig. 11. Active and reactive power at the interfacing converter 

 
Fig. 12. Grid current with varying solar power 

The power from the grid increases when the solar power 

generated becomes zero. The grid current variation with 

varying irradiance is shown by Fig. 12. The power from the 

PV panel, grid, dc load power and ac load power for the 

designed system is shown by Fig. 13. The power flow balance 

is maintained in the system when the generated power from 

solar varies with variation in the atmospheric conditions.  

 
Fig. 13. PV power, grid power, ac load power, and dc load power 

The current direction decides the direction of power flow 

in the system. Fig. 14 and Fig. 15 shows the current and 

voltage at the converter end. When the solar generates power, 

this power is converter to ac using rectifier. Thus, current 

direction is from dc side to ac side which is considered as 

negative as shown by Fig. 14. When solar does not generate 

power, the grid power is converter to dc to feed the dc load. 

The current direction is from ac side to dc side taken as 

positive as shown in Fig. 15. 

 
Fig. 14. Current and voltage at the converter end when it operates as inverter  

 
Fig. 15. Current and voltage at the converter end when it operates as 

a rectifier 

 
 

Fig. 16. THD of the input grid current at 1000 W/m2  

 

 
Fig. 17. THD of the input grid current at 0 W/m2  

The major advantage of DPC is the reduced harmonics in 

the grid current. The total harmonic distortion (THD) of the 

grid current for irradiance of 1000 W/m2 and 0 W/m2 is given 

by Fig. 16 and Fig. 17 respectively. This complies with the 

IEEE-519 standard requirement of less than 6%. This reduced 

harmonic is because of the use of the filter circuit in the 

system. 

VI. CONCLUSION 

The proposed direct power control for the grid connected 

photovoltaic system controls the bidirectional flow of power 

depending on the load demand and the generation. The active 



and reactive powers are controlled in this technique. The 

reactive power reference set to zero ensures the unity power 

factor. The hysteresis controllers which takes power errors as 

input along with the sector forms a switching table which 

gives the optimum switching state of the converter. The 

voltage at the converter output or dc link is maintained at the 

required level by a voltage PI controller which is used in the 

outer loop. The dc power generated from solar PV feed the dc 

loads connected on the dc sides and the excess power if any is 

given to ac side. Similarly, when the solar power is not enough 

to meet the load demand on dc side, then the power from the 

grid supply the required power. The phase between the grid 

voltage and grid current indicates the direction of power flow. 

When the grid supplies the power, the grid current and voltage 

are in phase. On the other hand, when the grid takes power the 

grid voltage and current are out of phase which is represented 

by negative power. This algorithm optimizes the performance 

of the grid connected PV system by controlling the power flow 

and voltage at the dc side as well as the ac side. The control 

methods for the extracting the maximum power and the direct 

power control are simulated in MATLAB and its various 

operating modes are analyzed. The control algorithm uses a 

filter circuit which reduces the total harmonic distortion of the 

three-phase input current and improves quality of the current. 
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