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Abstract: This review deals with the increasingly urgent energy issues, the world attaches great importance to begin the 
development of n ew energy and related technology. At present, large scale photovoltaic power generation and scale of 
renewable energy has become parts of development strategy, meanwhile it is the way to guide the development of photovoltaic 
industry. However, because of its own characteristics different from conventional power generation grid connected PV power 
station and its security, stability, reliable operation become new challenges which power grid and PV power plant need to face. 
Grid connected voltage source inverters are essential for the integration of the distributed energy resources. However, due to the 
small capacity and intermittent nature of the renewable sources, it is extremely difficult to integrate them in the existing grid 
system. The concerns of instability and unpredictability have kept the renewable sources away from participating in real time 
power generation. 

I. INTRODUCTION 
Modern power systems, observing  to the Smart Grid concept, involve more and more the integration of the Distributed Energy 
Resources (DER) mainly based on clean energy sources like solar and wind power. The integration of these renewable resources to 
the utility grid becomes essential to increase the reliability and the ability of power systems. In this sense, the greenhouse emissions 
can be seriously reduced. Voltage source inverters are power electronics circuits widely used to line the distributed energy resources 
with the advantage power system. Grid connected VSIs are normally operated by controlling its output power, two possible control 
schemes can be applied either voltage or current control. The phase angle and amplitude of the output voltage are controlled 
according to the desired output power by voltage control. For the current control, the current injected by the inverter is directly 
controlled to produce the desired output power. 

Figure 1.1 Layout of grid connected PV system 

The contribution of renewable power sources to the total power generation becomes more and more significant because of their kind 
nature to the environment. These sources have become important because of the steady expansion in energy consumption and 
the deregulation of the utility. Schemes based on PV array have also been mostly employed for feeding power to the utility network. 
There are number of benefits for both the company and the consumer by integration of PV resources. These resources have long 
been proved to be advantageous in peak shaving and in loss reduction of power distribution systems. In such schemes, a three-phase 
inverter interposed between the PV source and the utility grid is necessary. 
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Hysteresis Current Control (HCC) was initially applied as an analog controller and it is frequently used for grid connected inverters 
configuration reflecting its fast transient response, good accuracy, implementation simplicity and fundamentally over-current 
protection. Common Hysteresis Current Control has two main disadvantages, the variable switching frequency depending on the  

Figure 1.2 Hysteresis and PI control structure 

II. PV GENERATION SYSTEM 
Grid connected PV generation system is generally composed of the PV array, the inverter device with the purpose of extreme power 
tracking and the control system. Photovoltaic system use solar panels to alter sunlight into electricity. A structure is made up of one 
or more solar PV panels or dc power converter that holds the solar panels, and the interconnections and accumulating for the other 
components. Photo-voltaic (PV) is the name of a method of altering solar energy into direct current electricity using semiconducting 
materials that exhibit the photovoltaic effect 

A. PV Modules or Solar Panels 
Due to low voltage of the single solar cell (mainly 0.5v) several cells are wired in series for construction of a shield. Then the shield 
is assembled into a protective weather proof enclosure thus making a PV module or solar panel. Modules are then threaded together 
into a PV array. 
A photovoltaic array is a connected assembly of PV modules. Most PV array use an inverter to alter the dc power produced by the 
modules into AC. The modules in a PV array are connected in series to obtain the desired the voltage, the single string are then 
connected in parallel to allow the system to create more current. 
A solar or PV inverter alters variable direct current (DC) output of the photovoltaic solar panel into a utility frequency AC that can 
be consumed into a commercial electrical grid or it is used by the native or off grid electrical network. It is a critical component in 
the PV system allowing the use of ordinary commercial applications. Solar inverters have special functions adapted for use with the 
photovoltaic arrays including maximum power point tracking and anti-islanding protection. 

 
B.  Characteristics of Solar Array 
A photovoltaic system uses one or more solar modules or solar panels to convert solar energy to electrical energy. Basically its  
include solar panels, electrical, mechanical connections and means of modifying the electrical output. 
1) Photovoltaic Module: Solar cells are the building blocks of PV array. These are made up of semiconductor materials like si etc. 

A thin semiconductor wafer is specially preserved to form an electric field, positive on one side and negative on the other side. 
Electrons are knocked loose from the atoms of the semiconductor material when light attacks upon them. In an electrical circuit, 
it is made of attaching a conductor to the both sides of the semiconductor, electrons flow will start causing an electric current. It 
can be 
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Figure 2.1 Basic PV cell structure 

    
2) Photovoltaic Array: Again the power produced by a single photovoltaic module is not sufficient to meet the power demands for 

most of the practical purposes. PV array can use inverters to convert the dc output into ac and use it for motors, lighting and 
other loads. The modules are associated in series for more voltage rating and then in parallel to meet the current descriptions. 

C.  Working Of PV Cell 
The PV cell is based on the  principle of photoelectric effect. Photoelectric effect can be defined as when an electron gets ejected 
from the conduction band as a consequence of absorption of the sunlight of certain wavelength by the matter. So, in a photovoltaic 
cell when sunlight attacks its surface, some portion of the solar energy is absorbed in the semiconductor material. If absorbed energy 
is greater than the band gap energy of the semiconductor, the electrons from the valence band jumps to the conduction band. By 
this, pair of hole electrons are created in the irradiated region of the semiconductor. The electrons generated in the conduction band 
are now able to move. These free electrons are enforced to move in a particular direction by the act of electric field present in the 
PV cell. This electron establishes current and can be drawn for exterior use by connecting a metal plate on top and bottom of PV 
cell. This current and voltage created because of its built in electric fields produces required power. 

Figure 2.2 DC Equivalent circuit 

III. CURRENT CONTROL TECHNIQUES 
Among multiple functions of grid connected systems, the current control plays one of the most important roles. The performance of 
the complete system largely depends on the quality of the applied current control strategy. It has to fulfill basic requirements, such 
as low harmonic distortion of the output current, high dynamic response, regulation of the dc-link voltage and, in a number of cases, 
provide bi- directional power flow. The desire to propose a current control strategy which combines most of these requirements has 
encouraged many researches in the last two decades. A large number of current controller techniques have been described for 
different applications, namely ac drives, active filters, uninterruptible power supplies, ac-dc converters, etc. These control strategies 
achieve the same basic steady-state goal of controlling the fundamental input or output current waveform; however they differ on 
the implementation complexity, dynamic response and output current harmonic contents. Although the existing current control 
techniques vary from very simple hysteresis methods to complex analytical approaches, they are all based on the same basic 
principle. The load current is controlled by correctly modulating the converter input/output voltage. 
One of the earliest introduced current control approaches based on this comparison technique is the ramp-comparison controller. It 
compares the control signal generated according to the current error to a triangular carrier waveform, to generate the switching 
states. The main advantage of this concept is that the inverter operates at a fixed switching frequency defined by the frequency of 
the triangular carrier waveform. However, the system response is affected by stability requirements of the feedback loop, which also 
depends to load parameters. Moreover, it performs an inherent phase and amplitude error even in steady-state operation. 
A new tendency of implementing current control techniques into direct digital controllers using microprocessors has been of 
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particular interest. Moreover, new generations of microcontrollers and digital signal processors are released with highe processing 
capability and with additional number of peripheries. This trend has boosted the utilization of control schemes that demand complex 
on-line processing and stored elements. The Direct Power Control concept fits into these characteristics, since it requires an 
instantaneous calculation of the active and reactive powers that are compared to the desired references. The error signals are used to 
select from a stored switching table the optimum switching state. Another approach which is increasing force with the development 
of faster DSP devices is the predictive control. It calculates the optimum inverter voltage required to drive the actual currents 
according to the reference values. Although it gives optimum performance in terms of both response time and accuracy, it takes 
more calculations and requires a good knowledge of the load parameters. The dependency of load parameters is eliminated for the 
hysteresis control approach which uses hysteresis comparators to select the proper switching states based on the comparison of the 
current error with switching boundaries defining a hysteresis band. Although simple and extremely robust, this control technique 
exhibits several unsatisfactory features such as varying modulation frequency over a fundamental period. A good performance 
concerning steady-state accuracy is obtained using synchronous reference frame transformation. Using rotating dq-reference frame 
theory, ac values become dc quantities and can be easily regulated using PI controllers. However, stability and dynamic 
performance are again influenced by load parameters. 
Each of the existing current control techniques has its own characteristics and strengths, which makes it suitable for specific 
applications. Furthermore, properties associated to switching frequency, load current distortion and dynamic behavior usually 
contradict each other. Therefore, the choice of the most appropriate current control method means searching for the best 
compromise between these characteristics and the nature of the application. 

A. Ramp-Comparison Control 
The ramp-comparison current controller uses proportional-integral (PI) error compensators and a fixed frequency triangular carrier 
to generate the gate signals of the converter power switches. Based on the phase current error (∆Ig,i) the PI controller derives the 
modulating signals (Uc,i) to be compared to the pulse-width modulator (triangular carrier) as shown in Figure 3.1 

 
Figure 3.1: Ramp-comparison current control scheme 

Some constraints are imposed on the controller design to guarantee the proper operation of the system. Even though the PI 
controller gain shall be selected high in order to reduce the tracking error, it must remain low enough to avoid the amplitude of the 
control signal (uc,i) to exceed the carrier signal. Furthermore, the gain is also limited to ensure that the slope of the control signal is 
always less than the slope of the triangular carrier signal, thus avoiding multiple crossing which would result in increased switching 
frequency and\or switching losses. 
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Figure 3.2 illustrates the inverter output voltage resulting for the comparison between the control signal Uc,i and the triangular 
carrier Ucarrier. If the control signal is higher than the triangular waveform, the witches are activated to apply Udc to the output. On 
the other hand, if the control signal is lower than the triangular carrier, an output voltage equal to −Udc is produced. 

 
Figure3.2 Inverter output voltage 

Additionally, the points of intersection define the switching instants of the power switches. This maintains the switching frequency 
constant, since the triangular carrier is operated with a fixed frequency. However, despite this main advantage, the control concept 
has inherent amplitude and phase tracking error, as the PI controller has to process AC signals. Furthermore, it can be affected by 
stability requirement of the current feedback loop which is highly dependent to load parameters. 

B. Voltage-Oriented Control 
Voltage-Oriented Control (VOC) scheme uses the rotating dq frame theory to ensure a zero steady-state output current error. By 
transforming ac phase quantities to dc components, the infinite dc gain of the PI controllers is able to lead actual dq currents to the 
desired values without introducing static errors. 
In the particular case of the VOC scheme the synchronous transformation is oriented such that the d-axis is aligned to the grid 
voltage vector. The load current vector ig, is divided into rectangular components, where the component ig,d determines the active 
power whereas ig,q controls the reactive power flow. 

 
Figure 3.3 Voltage-Oriented Control scheme 
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Figure 3.9 illustrates the VOC principle involving the use of rotating synchronous rectangular coordinates. The three measured 
output phase currents are converted to dq components using synchronous reference frame transformation and compared to the 
respective reference values (ig,dq,ref ). Two PI regulators compensate any existing error by generating appropriate control voltages 
uc,d and uc,q, which are transformed back to phase quantities and used as inputs by the pulse-width modulation (PWM) block to 
generate the command signals to the power devices. Although, the described approach allows efficient regulation of active and 
reactive power flow using two distinct loops (ig,d and ig,q), the control of these variables are not performed completely 
independent. 

C. Direct Power Control 
The Direct Power Control (DPC) concept proposed by Noguchi et. Al slightly differs from the other current control techniques 
which use inner current control loops to directly regulate the load currents. Instead of that, DPC (Figure 3.4) regulates instantaneous 
phase currents in terms of active and reactive powers. 

 
Figure 3.4 Direct Power Control scheme 

It is based on the industry standard practice for ac machines known as Direct Torque Control (DTC). For the DPC approach active 
and reactive power variables are directly controlled in a manner analogous to torque and flux control in motor drives applications. 
The three-phase currents and grid voltages are used to estimate the instantaneous active and reactive powers that are compared to 
respective references. Usually, the active power reference Pref is set by the dc-link voltage controller and the reactive power 
reference Qref is adjusted to zero to ensure unit power factor. Two hysteresis controllers based on p and q error quantities and a grid 
voltage position detector supply the inputs to the switching table which is in charge to select the optimum voltage space vector of 
the converter. The influence of each vector on the instantaneous real and imaginary powers is diverse and results in different control 
dynamics. The impact of each vector is analyzed off-line and properly stored in a switching table according to the operating 
condition. 
One of the most important aspects on DPC apart from the switching table is the correct estimation of the active and reactive powers. 
It can be performed either based on three- phase quantities. 

D. Predictive Current Control 
Due to the availability and continuous development of powerful and fast microprocessors, the interest in current control techniques 
which demand high computational effort is increasing. The performance of this type of controllers is rising proportionally to the 
speed and calculation power of new families of microprocessors. The basic idea of the predictive current controller is to perform a 
fast and accurate control loop that selects the optimum control action among all possibilities, to fulfill a certain predefined criteria. 
This decision is based on the knowledge of actual variable measurements and load parameters. 
The typical structure of a predictive current controller is shown in Figure 3.5. The "Load Model" block provides the actual load 
states to the "Prediction and Decision", which is considered the heart of a predictive control system. Based on the comparison of 
actual states and references, the optimum switching state is selected according to the decided criteria, which can be for example 
minimum switching frequency, minimum response time or minimum current distortion. 
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Figure 3.5 Basic structure of the Predictive current control approach 

E. Hysteresis Control 
The basic concept of the hysteresis current control is to switch the output voltage level (+udc to −udc for a two-level system) 
appropriately whenever the measured current goes above or below a given tolerance boundary. The current errors resulting from the 
comparison between measured currents and respective phase current references are controlled using three independent hysteresis 
comparators as illustrated in Figure 3.6 by the simplified diagram of a typical three-phase hysteresis current controller. 

Figure 3.6 Hysteresis current control scheme 

Since the switching signals Si (i = R, S, T ) are produced directly based on the hysteresis comparison of the three phase current 
errors, the hysteresis current control approach provides excellent dynamic performance, limited only by the switching speed and 
load time constant. Additionally, independence of load parameters concerning stability, robustness and very simple implementation 
make the hysteresis approach the current control method of choice for diverse types of applications. However, the classical 
hysteresis current controller with fixed hysteresis band has the disadvantage that the modulation frequency varies over a 
fundamental inverter period. That is mainly caused because the switching frequency is not only dependent on constant parameters 
such as the output filter inductance, dc-link voltage, desired current ripple (width of band), but is also influenced by the periodic 
variation of the ac grid voltage as shown by the equation. 
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This variable switching frequency results in an undesirable spread of the ripple current harmonics, which complicate the design of 
the output filter and may generate unwanted resonances on the utility grid. Another important factor which influences the switching 
frequency is the interference between the commutations of the three phases, inherent to three-phase system without a neutral 
connection. In this case, each phase current not only depends on the corresponding phase voltage but it is also affected by the 
voltage of the other two phases. Furthermore, due to this interaction between the phases the instantaneous current error is not limited 
within the tolerance band, but it can reach double of this value. If the output voltage of one phase should be reversed in order to 
maintain the current error within the given tolerance band, this transition can be made impossible by the switching state of the other 
two phase controllers. Therefore, the current error continues to increase until it reaches twice the band width where a switching 
action is enforced in another phase according to iR + iS + iT = 0 
However, although the inclusion of new concepts into the classical hysteresis control increases the level of complexity, they do not 
affect dynamic response and stability issues. Therefore, constant switching frequency hysteresis control emerges as a well suited 
approach for high performance high-speed applications. 
As described above, there is no control technique which is able to fulfill all requirements in terms of stability, harmonic content, 
dynamic response and simplicity. These specifications usually contradict each other, demanding a careful analysis of the 
compromise between these characteristics and the nature of the application. Besides the characteristics there exist some additional 
attributes that must be take into account for the selection of the control technique. The ramp-comparison for example, has an 
inherent amplitude and phase tracking error which limits its applications in the majority of the cases. For grid connected systems, 
the direct power control is a practical alternative, since it provides a direct control of the active and reactive powers without any 
current control loop. Moreover, it turns to be robust to possible variations of the grid impedance. Hysteresis current controller has a 
well-defined harmonic spectrum, robust, extremely fast and is very simple to implement. 

IV. CONCLUSION 
This paper has reviewed how  to design a control method for three- phase grid- connected inverter system for distributed generation 
application. The method is hysteresis current control along with PI control for grid connected voltage source inverter. This work 
discusses methods for controlling the flow of energy between renewable energy sources and the utility network. The emerging 
interest in such technologies demands continuous research of new control concepts, especially in the area of high voltage and high 
power applications. For the future research, the following improvement can be implemented. 
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