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ABSTRACT

In this thesis, the predictive current control method is employed to control the single
phase grid connected inverter under the condition of known grid voltage and load
current. In real implementation the controller needs a certain time to do the required
digital sampling and computations before the control command proceed to the
inverter switches. Traditional predictive current control use the previous switching
interval values in order to predict the required average inverter output voltage to
follow the reference current. Nowadays, the availability of fast and low cost digital
signal processer boards (DSP's) makes the implementation of predictive controllers
simpler and more sufficient, based on above an improved predictive current control

algorithm is developed such that the inverter work with high performance.

An improved predictive current control algorithm is developed by setting the
sampling point just ahead the controlling point by the period of total sampling and
computation delay, this adjustment make the control approach more robust against
the system parameter variation. Moreover, the grid voltage prediction using the linear
sine wave prediction instead of the traditional linear extrapolation prediction is

sufficient to give more enhancements to the injected power in the utility grid.

Keywords: predictive current control, single phase grid connected inverters, discrete

time control, renewable energy.



Oz

Bu tezde, sebekeye baglanmis tek faz bir evirgegin, sebeke geriliminin bilinmesi
durumu i¢in, ongodriici akim denetim yontemi kullanilmistir. Gergek uygulamada,
denetim komutunun evirge¢ anahtarlarina uygulanmasindan once, gerekli sayisal
ornekleme ve hesaplamalarin yapilabilmesi i¢in denetleyicinin belli bir zamana
gereksinimi vardir. Geleneksel ongoriicii akim denetimi, referans akimimnin takip
edilebilmesi i¢in gerekli olan evirge¢ ortalama ¢ikis gerilimini hesaplamak i¢in bir
onceki ornekleme araligina ait degerleri kullanir. Gilinlimiizde, hizli ve diisiik
maliyetli sayisal isaret islemcilerinin bulunabilirligi, Ongoriicii denetleyicilerin
uygulanmasin1 basitlestirmistir. Buna dayanarak, evirgecin yiiksek basarimli

calismasi i¢in iyilestirilmis bir 6ngériicli akim denetleyicisi gelistirilmistir.

Bu denetleyicide 6rnekleme ani, toplam ornekleme ve hesaplama gecikmesine esit
bir zaman aralig1 farki ile denetleme anindan 6nceye alinmaktadir. Bu ayarlama ile
denetim yaklagimi sistemin parametre degisimleri karsisinda daha dayanikli hale
gelmesine yol agmustir. Buna ek olarak, sebeke geriliminin o6ngorilmesi igin,
geleneksel dogrusal disdegerleme yerine siniis dalga dogrusal ongdrii kullanilarak

sebekeye verilen giiclin daha verimli olmas1 saglanmaistir.

Anahtar Kelimeler: Ongoriicii akim denetimi, tek faz sebekeye bagl evirgeg, kesik

zamanli denetim, yenilenebilir enerji.
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Chapter 1

INTRODUCTION

1.1 Renewable Energy

Traditional energy sources like natural gas, coal and oil are becoming unable to meet
the growing demand of energy consumption. In addition to the fact that it is the main
source of environmental pollution, it is not available in all countries and this

availability is always in limited quantities for certain periods.

Renewable energy is defined to be the form of energy coming from any natural,
uninterrupted and clean source, such as sunlight, wind, geothermal and waves.
Nowadays all these sources can generate electricity using certain collectors, such as
photovoltaic cells and wind turbine. But we cannot use this electricity directly
because it is not regulated or not alternating current (AC). The form of the electricity
should be an AC waveform, so that we can get benefit from it. To solve this obstacle,
modern technologies have main contributions of their investments in the

development of grid connected inverters.

From above, we consider the advantages and importance of renewable energy

sources. But the question is how to employ the above mentioned sources to meet the



challenges of energy consumption. In this thesis, a method of current control for grid

connected inverters is discussed.

1.2 Inverters

An inverter is a power electronics device which converts direct current (DC) to a
symmetric alternating current waveform (AC). The resultant output can be variable

voltage, variable frequency or variable phase angle according to load operation

requirements. Figure 1.1 shows the general structure of a DC-AC converter.

DC . ™\ AC
Source > Inverter Filter > Loads

feed back

Control

Figure 1.1: General structure of DC-AC converter [1].

In general, inverters are classified as voltage source inverter (VSI) and current source
inverter (CSI). A voltage source inverter is widely used in low and medium power
applications and fed from constant voltage source with negligible internal
impedance. While a current source inverter is used in medium-voltage high-power
applications and fed from constant current source with high impedance.

1.2.1 Single Phase Half Bridge Inverter

In a single phase half-bridge inverter, we need one leg of bidirectional switches.
Each switch consists of a semiconductor device which may be a BJT, IGBT, or

MOSFET connected to a diode in parallel. Figure 1.2.a shows the general structure
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of a single phase half-bridge inverter. Figure 1.2.b shows the inverter output voltage

and current waveforms.
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Figure 1.2: (a) Single phase half-bridge inverter. (b) Inverter output voltage and
current waves [2].

Two equal capacitors C1 and C2 divide the DC source and give a center point 0. The

switches Q1 and Q2 conduct in the first and in the second half cycles, respectively,
. . \ V. : :
producing voltage amplltudes+?S and ?S In the case of inductive load, D2

conducts when Q1 is turned off because the inductive load current cannot be

interrupted immediately after the inverter output voltage changes. Similarly, D1



conducts when Q2 is turned off for the same reason. These diodes feed the power
back to the DC source and are known as feedback or free-wheeling diodes .

1.2.2 Single Phase Full Bridge Inverter

In Figure 1.3.a a single phase full-bridge inverter is shown. The inverter consists of
two legs, each leg having two power switches each with a diode in parallel. The
diode is called free-wheeling diode, which allows the energy to return back to the DC
source. When the transistors Q1 and Q2 are turned on, the power supply Vs is
applied to the load. If transistors Q3 and Q4 are switched on, again the voltage of -
Vs appears across the load. The output voltage and current waveforms will be as

shown in Figure 1.3.b.

There are many switching states which can be considered for this case. All the
possible switching states are shown in Table 1.1. The output voltage will be the
positive source voltage +V; when Q1 and Q2 are ON and Q3 and Q4 are off.

Similarly, the output voltage is —V; when Q3 and Q4 are on and Q2 and QL1 are off.

_|_
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Q,Q,

>t

Figure 1.3: (a) single phase full bridge inverter, and (b) inverter output voltage and
current waves [1].

Notice that, a zero output voltage appears on the load side when Q1 and Q3 are on

and Q4 and Q2 are off or when Q4 and Q2 are on and Q1 and Q3 are off.

Table 1.1: Switching states of Single phase full bridge inverter.[1]
State | Switch Components
State No State Vao Vbo Vo Conducting
Q1,Q2 ON Q1,Q2ifi,>0
1 10 Ve /2 -Vl 2 Vs
Q4,Q3 Off D1,D; ifi,<0
Q4,Q3 ON D4, D;ifio >0
2 O 1 -VS / 2 Vs / 2 _VS -
QLQZ Off Q4,Q3 ifio<O0
Q1,Q3s ON Qu,D;3ifio>0
3 11 | Vs/2 | Vsi2 | 0 _
Q4,Q, Off D1,Qzifio <0
Q4,Q2 ON D4,Q2ifio >0
4 00 Vsl2 | -V/2 0 :
Q1,Q3 Off Q4,Dsifi0 <0
Q11Q2 Off -VS / 2 Vs / 2 -VS D4,D3 if iO > O
5 off
Qs3,Q4 Off V. /2 -V /2 Vs D4,Dy ifio <0
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The inverter output root-mean-square (rms) voltage value can be found as

9 Tol2 5 2
V0=[— (I)V Sdtj =V, (1.2

0

The inverter instantaneous output voltage can be found from the Fourier series as

V, = i 4VS sin (na)t) (1.2)

n=1,3,5.. N7
1.3 Pulse Width Modulation (PWM)

Pulse width modulation is the most popular technique used in industrial drives such
as inverters, rectifiers and DC choppers. The principle of this technique depends on
comparing a carrier wave with a reference wave which always comes from the
switching strategy for such control algorithm. This comparison generates the
required gating signals to the power switches. Sinusoidal PWM is widely used to
control H-bridge inverters due to the low harmonic distortion in the inverter output
voltage waveform. Sinusoidal PWM (SPWM) can be categorized in three various

types as bipolar, unipolar, and multicarrier PWM [5].

The advantages and disadvantages of the bipolar and unipolar SPWM will be
discussed in the following sections, while multicarrier PWM will not be discussed
here because it is used in multilevel converters which is not related to the thesis

topic.



1.3.1 Bipolar Sinusoidal Pulse Width Modulation

In bipolar sinusoidal PWM, the reference signal V  is compared with the carrier
signal (triangle wave) V. For the case when V >V, the digital gating circuit
generates an active high pulse (logicl) to control the power switches Q,and Q, , then
a positive voltage V. will appear in the inverter output terminals (a, b). On the other
hand; when V <V the digital gating circuit generates an active high pulse to

control the power switches Q,and Q,, then a negative voltage -V will appear in
the inverter output terminals (a, b). As a result, the inverter output voltage contains
two voltage levels V,and -V.in the positive or negative half cycle [3]. Figure 1.4

illustrates the bipolar SPWM for single phase full bridge inverter.
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Figure 1.4: Bipolar SPWM for single phase full bridge inverter [4].

1.3.2 Unipolar Sinusoidal Pulse Width Modulation

Unipolar SPWM can be generated by employing two carrier signals shifted by 180
degrees and one reference signal [3], or by one carrier signal and two reference
signals shifted by 180 degrees [4]. In fact, unipolar SPWM is a combination of two
opposite bipolar SPWM, each one being responsible to generate the required gating
signal for each H-bridge leg. Figure 1.5 illustrates the unipolar SPWM for single

phase full bridge inverter.
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Figure 1.5: Unipolar SPWM for single phase full bridge inverter [4].



Notice that, the inverter output voltage contains three voltage levels V., zero and

-V, in the positive or in the negative half cycle. Unipolar SPWM has several

advantages over bipolar SPWM, which can be summarized as [5]:
e Output voltage has no even harmonic.
e Harmonic content is half of the bipolar type.
e The significant harmonics appear around twice the switching frequency.

1.4 Thesis Objective

The objective of this thesis is to investigate predictive strategies for the current
control of grid-connected single-phase inverters. The control objectives are to obtain
currents with as low total harmonic distortion (THD) as possible and to inject the

power from the inverter with high power factor (ideally unity).
1.5 Thesis Organization

Thesis structure organize as follows; in chapter 1, we introduce the renewable energy
advantages and we give briefly explanation for single phase inverter, in chapter 2 we
give a short review of current control methods, in chapter 3 we mention the grid
connected inverter operation modes then the predictive current controllers with its
both type the traditional and improved control and the stability for each system is
discussed, then in chapter 4 we include the simulation results for the proposed

controllers, conclusions and future works recommendations are given in chapter 5.
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Chapter 2

REVIEW OF CURRENT CONTROL METHODS

For the application of grid-connected inverters, the output voltage and frequency of
the inverter should be equal to the grid voltage and frequency respectively. For
renewable energy applications, a voltage source inverter is to be used with regulated
output current. The controller should be able to regulate (control) its output current

such that adequate performance is achieved.

There are many approaches that have been presented in the literature to come up with
a proper controller which is capable of solving the problem of grid-connected
inverters. Here, a general review of the basic approaches to handle the problem is
discussed.

2.1 Hysteresis Controller

In the hysteresis control method, the line current is measured and compared with a
reference current value within a boundary of error called hysteresis (h), shown in
Figure 2.1. The hysteresis is the value of the maximum deviation allowed from the
measured current to its corresponding reference, assuming there is no delay from the

controller and the inverter [6]

11



-P

1
Figure 2.1: Hysteresis controller [6].

If the measured value of the line current is greater than its reference, the inverter
switches such that —P is applied to the load side. If the opposite happens, the inverter
switches are activated so +P is applied to the load, resulting in an instantaneous
current limit if the neutral is connected to the dc bus. If there is no neutral

connection, the current reaches double the hysteresis band [6].

Because the current ripple is specified around boundary value and the ripple is
constant, the inverter switching frequency will be around that value or maybe
multiple of that value. This gives the inverter a wide variable switching frequency.
Therefore, the inverter should be capable of handling the maximum switching

frequency that may occur.

This control method has two main disadvantages. First is the insensitivity to
parameter variation, because the controller applies either —P or +P to the load side.
The second is rapid convergence for large scale current error value.

2.1.1 Sinusoidal band hysteresis control

In this method, the value of lowest and the highest switching frequencies is spread

out over large range of frequencies. This means that the low and the high possible

12



switching frequencies are away from each other, so there will be difficulty in
designing a filter which can handle and treat this large range of frequencies. To solve
this problem, the switching frequency can be fixed, so that a simple filter is used. A
simple method is to adjust the bandwidth (H) to take the sinusoidal waveform. The

lower and the higher band are in sinusoidal form [8].

This method has the advantages of reducing the harmonic content of the inverter
output filter and fixed switching frequency operation, but it suffers from the
complexity of requiring complex real-time calculations in the high frequency range
and for variable grid-side voltage or the source side voltage. The complexity of the
calculations means more processors are required to control (calculate) the value of H,
which is not practical for the grid connected inverter applications.

2.1.2 Triangle Band Hysteresis

In this method, a simplified triangle hysteresis band is replaced by the sinusoidal one.
Using the triangle form instead of the sinusoidal waveform will reduce the required

microprocessor memory.

Here, only two points are to be calculated, low and high value of the boundary. As a
result, for example in 50 Hz application, we need only four points in each cycle to be
calculated and a linear line to be connected from a point to the next one, while in
sinusoidal application the calculation of the boundary should be executed at each
sampling period. This method has simplicity of implementation, fixed switching
frequency with low total harmonic distortion (THD) value in addition to saving

processor memory [8].

13



2.2 Some Methods to Maintain Variable Hysteresis Band

Basically, a hysteresis controller is based on the principle of comparing the required
reference current with the measured current so that the switching state of the inverter
is controlled. There are many approaches to achieve constant switching frequency for
variable hysteresis band controller. Some of them are listed below.

2.2.1 From the current error and its derivative.

For the application in AC motors, forward and feedback control methods are used to
accomplish variable hysteresis band and then compensate for the interaction between

phase back emfs that occur when the neutral of a three phase motor is left floating

[9].

Al
_|
A

E/2

-E/2

Figure 2.2: Hysteresis band current controller [9].

This controller has low steady state error, high performance with good dynamic

response. This controller is independent of load variations.
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2.2.2 From current error zero crossings

Calculating the required hysteresis band variation that synchronizes the current error
zero-crossings to an external clock results in constant switching frequency. While
this method has good performance, it still suffers from the computation complexity;

the processor should be capable of handling the instant calculation each duration.

Clock

Figure 2.3: Hysteresis comparator operation [10].

In three-phase applications, three individual current regulators are required to be
installed, one for each phase leg. This will reduce the controller efficiency because of
the phase-to-leg interaction problem [10].

2.2.3 From the average voltages

Calculating the inverter average output voltage of the phase-leg is an approximation
of the back emfs in AC applications. This average is to be used to vary the hysteresis
band such that a constant switching frequency is maintained. There are many other
modifications added to this method to refine the controller by fine tuning the
hysteresis band [11], [12]. By comparing the current error zero-crossing with fixed

reference clock, fine-tuned control of the switching frequency is maintained.
15



The result of the proposed method gives a fixed output switching frequency.
Furthermore, the proposed strategy is extended for only two phase-leg controller
such that hysteresis current regulation is achieved. The third leg is switched using
normal PWM with reference voltage as an average of the other two switched legs

(which are already switched).
2.3 Ramp Comparison Controller

Figure 2.2 shows a ramp comparison controller. This type of controller is established
on the methodology of comparing the modulated current error signal to an actual
current signal. The comparison logic is designed such that if the modulated current
error signal is greater than the value of the current signal, then the inverter will be
switched on, and if the modulated current error is greater than the current signal the

inverter signal will switch off.

Actual COMPARATOR | —» Gate Pulse
Current
A
B
Reference ®
Currents o 0
Modulated / \
Reference -B
r< >|
T/2 T/2
Triangular
Carrier
(a) ()

Figure 2.4: (a) Ramp comparison controller. (b) One period of carrier [7].

By applying this strategy, the inverter switching frequency will be equal to the
triangle waveform reference and the harmonics produced from the switching strategy

will be specific and known in advance.
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At high switching speed and when the error rate of change is greater than the rate of
change of the sinusoidal reference, the error value of the controller will increase and
there will be steady state error. This means that, the overall efficiency of the
controller is reduced. To overcome this problem, the controller gain should be
adjusted by modifying the amplitude of the reference signal or by applying integral
compensation to the current error signal [7].

This method suffers from the problem of over-crossing, which occurs when the slope
of the actual current is greater than the slope of the modulated reference current. To
solve this problem, a condition should be applied to the comparator such that the
maximum slope magnitude of the actual current must be less than the minimum slope

magnitude of the modulated reference current signal [13].
2.4 Single Band Current Controller

In [14], a very simple and robust method of current control is presented. The control
signals of the grid connected inverter are derived directly from the voltage grid, and
applied to the control switches. Firstly, the grid voltage is to be measured, and then

the current reference value is to be derived from the measured grid voltage as

do Ve -V, (2.1)

da L

Such that & represents the output current error (i.e. i, =i, +0J).

This method will ensure unity power factor for the power injected to the grid. That is
because the current reference used is in phase with the grid voltage. It is already
derived from the grid voltage. Figure 2.3 shows the main construction of the

proposed controller.

17



To H bridge To H bridge
left leg Right leg

Figure 2.5: The proposed controller construction [14].

The authors of [14] have derived an equation for switching frequency estimation

given by

¢ Ve (1—k ?sin?@wt)) (2.2)
; 4L, h

_ Vv . L
such that k represents the modulation index —™. The grid reference voltage is given
de

by V, =V sinwt. The proposed control method has average switching frequency
given by

2 2.3
_ Vdc (l—k—) ( )

fsav TN
“Tan" 2

with maximum switching frequency up to A?I/_dch .
f

The inverter has single-band hysteresis current control with two level output voltage
with no zero level output voltage. When this method is used, there is no need for a

compensator or phase locked loop (PLL). It has simplicity and robustness compared
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to conventional control methods. Nevertheless, this method has high switching
frequency and difficulty of implementation when higher current values are to be

injected to the grid.
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Chapter 3

PREDICTIVE CURRENT CONTROL STRATEGIES

Predictive current control (PCC) approach is based on calculating the required
inverter output voltage such that the actual current follows the reference current.
Nowadays, the availability of fast and low cost digital signal processer boards
(DSP's) makes the implementation of predictive controllers simpler and sufficient.
3.1 Traditional PCC for Single Phase Voltage Source Grid inverter
3.1.1 Traditional PCC algorithm

Figure 3.1 shows the general structure of a single-phase H-bridge grid-connected
inverter. The inverter operates in four different modes. Two modes operate in the
positive half-cycle and the other two operate in the negative half-cycle. Table 3.1

illustrates the different operating modes [15].

1 b |]

Figure 3.1: Single Phase H- Bridge Grid Connected Inverter [15].




Table 3.1: Switching states of Single phase full bridge grid inverter [15].

Mode | T, T, Ts T, D, D, |V | o

op

1 |ON|OFF|OFF|O N|OFF|OFF |V, |Pos

2 |[ON|OFF|OFF|OFF|O N|OFF| O |Pos

3 |OFF| O N|O N|OFF |OFF | OFF | -V, | Neg

4 | OFF| O N|OFF|OFF | OFF|O N| 0 |Neg

Referring to Figure 3.1, the mathematical form of the required inverter output

voltage can be written as the following differential equation:

Vi, =V + L Do

op ~ VY grid dt

(3.1)

Where V, is the inverter terminal output voltage, V ., is the grid voltage and L is

gri

the series filter inductance with negligible internal resistance.

Assuming that the system operates with fixed switching frequency, the grid voltage
and the load current are known (measured); a simple and direct predictive current
control algorithm is proposed in [16] and [15]. With constant switching interval

T seios (3:1) can be written in discrete-time form as

[n]+L s [N +1] =1y [N]

rid —av
‘ T

Vop—av [n] =V

3.2)

period

where V____[n] is the average required inverter output voltage during the switching

op-av

interval [n,n+1], V [n] is the average grid voltage during the switching

grid —av

interval [n,n+1], T is the constant switching period, 1.,4[n] and I, [n+1]

period

are the measured currents at the sampling points [n] and [n+1], respectively.
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The predictive current controller’s (PCC) goal is to force |, [N +1] to be equal the
reference current |, [n+1] at the sampling point [n +1] so that, I, [n+1] can be

replaced with 1, [n +1] and equation (3.2) can be written as

[n]+L Iref [n +l]_||oad [n]

rid —av
’ T

Y (3.3)

period
In real implementation, the controller needs a certain time to do the required digital
sampling and computations before the control command proceeds to the inverter

switches. This means that, the digital controller cannot solve for V___[n] because

op—av
V ia_ [N] @nd 1., [n] are not available for the controller in the switching interval
[n,n+1]. To solve these obstacles, a certain adjustment to the control equation (3.3)

is required.

In [16] D.Holmes and D.Martin suggested using the previous switching period
results in order to estimate a proper average grid voltage and load current values.
Figure 3.2 shows the traditional PC controller timing schematic for the proposed

algorithm.

[n-1] th Controlling Point [n] th Controlling Point

Timer value

in] th Sampling Point [n+1] th Sampling Point

[n-1] th Sampling Point

Switching Period [n-1,n] Switching Period [n,n+1]

Figure 3.2: Traditional PCC Timing Diagram [4].
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Referring to Figure 3.2, it is obvious that the controller should use the measured

values of the load current I, [n —1] and grid voltage V 4ia [N =1] which are available

when the calculations start at the beginning of switching interval [n—1,n]. Then, the
required average inverter output voltage will be applied in the interval [n,n+1].

This average inverter voltage can be used in any proper pulse width modulation
(PWM) circuit to generate the required inverter gating signals. Figure 3.3 shows the

traditional predictive current control system block diagram.

TPCC PWM and Grid Connected Inductance | A s
Iref n Calculations' Dead Time VSl Filter Utlty Grid
[, .[n] [ )
b Current 8Voltage < o
sampling
AD
V.| V()

grid arid

Figure 3.3: Traditional PCC system block diagram.

3.1.2 Average Grid Voltage Linear Extrapolation Estimation

With the known previous grid voltage average value, the average grid voltage over
the switching interval [n,n+1] can be estimated by using the simple linear
extrapolation [16], [17]. Figure 3.4 illustrates the switching intervals with the

average grid voltage values.
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V grid —av [n]

|

V gid av [n-1]

n-2 n-1 n n +1

Figure 3.4: Switching intervals with the average grid voltage values.

In Figure 3.4, we assume that the grid voltage change during the intervals is linear
and this change is equal from one interval to the other. Then the average grid voltage

over the interval [n,n+1]can be written as :

_ \% grid [n +1] +V grid [n ]

V oo [N] = 5 (3.4)
The grid voltage value at the sampling point [n +1] can be predicted as
Vg [N+1=V o [N ]+AV (3.5)
Where AV, is the grid voltage change during the switching interval, since the
inverter operates with fixed switching frequency we can assume that AV, is
constant in any interval.
Taking the interval [n-1,n], then AV ., can be written as
AV g =V g [NV g [N -1] (3.6)
substituting equation (3.6) into equation (3.5) lead to
Vg [N +1=V g [NT+(V g [NV g [N =11 ) (3.7)

Then for the interval [n—2,n-1],V ,[n] can be written as :
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Vi [N]=V gig [N =1+ (V gq [N -1] -V s [N -2] ) (3.8)

Substituting equation (3.7) and equation (3.8) into equation (3.4) leads to

5 3
Vgrid —av [n] = EV grid [n _1]_Evgrid [n _2] (39)
Notice that V ;, ,, [n] can be calculated by substituting equation (3.7) into (3.4). We
have
3 1
Vgrid —av [n] = EV grid [n ]_Evgrid [n _1] (310)

3.1.3 Load Current Estimation
Under the same assumption that the inverter operates with constant switching
frequency and linear voltage change, we can assume that the load current is linearly

changed with the inverter voltage change.

We can rewrite (3.2) for the sampling point [n —1] as

loag [N] =1 oog [N -1 (3.11)
Vop—av [n _1] :Vgrid—av [n _1]+L I ad[ ] I ad[ ]
period
Solving equation (3.11) for 1, [n] lead to
Tperiod
i 0] = F g [N =21+ =25 Vg, I =TV 5, [0 1) (3.12)
We can rewrite (3.10) for the sampling point [n —1] as
3 1
Vgrid—av [n _l] = Evgn'd [n _1]_Evgrid [n _2] (313)
Substituting equation (3.13) into (3.12) leads to
T . 3V_..[n-1]-V _.[n-2
I load [n] =1 load [n _1] + PE‘Od (VOP—av [n _1] - o [ ]2 o [ ]j (314)
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From (3.14), it is clear that the load current at time [n] is estimated by adding the
mustered load current |,,[n—1] at point [n—1] to the predicted current change in
the switching interval [n—1,n]. Figure 3.5 illustrates the switching intervals with

the load current values.

lioea [N]
I load [n _l] l

n-2 n-1 n n +1

Figure 3.5: Switching intervals with the load current values.

3.1.4 Traditional Predictive Current Control Equation
The estimated average grid voltage and load currant given by (3.9) and (3.14),
respectively, can be substituted in (3.3) to give the traditional predictive current

control (TPCC) equation as

SPITIL Uks P U R

Vop—av[n] = 4Vgrid [n _1] - 2Vgrid [n - 2] _VO p-av T

period
From (3.15) we notice that, all values are available to the controller when the

calculation proceeds at time point [n—1] and the result will be applied during the
switching interval [n,n +1].
3.2 Improved Predictive Current Control for Single Phase Grid

Inverter

In TPCC, the controller starts the calculation at the beginning of the previous

switching interval and the result will be applied to the next interval. This means, the
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controller has full switching interval time to do the algorithm computations. Low
switching frequencies are used for high power applications. So as a result, with the
availability of high speed controllers we can conclude that this given time is 