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PREFACE

We take the opportunity to present this report “DC-Link Voltage Control Technique
for Single-phase Two-stage Photovoltaic Grid-connected System”. The object of this report is
to make a control technique with low cost.

The report is supported by images to bring out the purpose and message. We have made
sincere attempts and taken every care to present this report in precise and compact form, the
language being as simple as possible.

The task of completion of the project though being difficulty was made quite simple
interesting and successful due to deep involvement and complete dedication of our group
members.
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ABSTRACT

Control techniques, applied to single-phase two stage grid-connected photovoltaic (PV)
systems, mainly achieve functions of maximum power point tracking (MPPT), voltage adjustment
at inverter DC-link, and grid current control. Conventional control techniques require
measurements of PV voltage and current, DC-link voltage, and grid voltage and current. In this
paper, conventional technique is proposed which keeps PV sensors, but eliminates the expensive
high DC link voltage sensor by mitigating the inverter DC-link voltage control loop. Alternatively,
voltage regulation at inverter DC link is achieved through power balance guarantee at this link.
Hence, control complexity is minimized and system stability is enhanced. Moreover, the entire
system implementation is simplified and its dynamic response is improved during sudden
irradiance changes. Simulation work is carried out to verify the effectiveness of conventional one

regarding their transient and steady-state performance under varying irradiance conditions.
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CHAPTER 1

INTRODUCTION

Nowadays, common distributed energy resources (DERS), particularly PV sources, are
increasingly being connected to utility for best utilization of their produced electric power. For
PV-grid interface, a number of methods are used, among which the string inverter technology is
widely used at present. Among current renewable energy resources, photovoltaic (PV) energy
has gained much interest as a noise and pollution free source. Furthermore, it has the ability to be
expanded and utilized in arid area. In this method, a
number of PV modules are connected in a series arrangement; called a string, and each string has
its own inverter. Thus, the MPP of each PV string is separately optimized and the PV system can
be expanded easily by adding additional strings with their relative inverters.

One of the major concerns in the power sector is the day-to-day increasing power demand
but the unavailability of enough resources to meet the power demand using the conventional
energy sources. Demand has increased for renewable sources of energy to be utilized along with
conventional systems to meet the energy demand. Renewable sources like wind energy and solar
energy are the prime energy sources which are being utilized in this regard. The continuous use
of fossil fuels has caused the fossil fuel deposit to be reduced and has drastically affected the
environment depleting the biosphere and cumulatively adding to global warming. Solar energy is
abundantly available that has made it possible to harvest it and utilize it properly. Solar energy
can be a standalone generating unit or can be a grid connected generating unit depending on the
availability of a grid nearby. Thus it can be used to power rural areas where the availability of
grids is very low. Another advantage of using solar energy is the portable operation whenever
wherever necessary.

For low-power (< 10 kW) applications, DERs are usually connected to the AC grid
through a single-phase voltage source inverter (VSI) at low voltage (110-220V) . For successful
PV string-grid interface, a number of requirements arise ; maximum power point tracking
(MPPT), voltage regulation at inverter DC-link, and grid current control. To achieve the latter,
two topologies exist ; single-stage and two-stage topologies. The single-stage topology involves

a single inverter stage to achieve all the previous tasks in order to reduce component count and

11
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increase conversion efficiency. However, this inverter must be carefully designed to handle the
double line frequency voltage ripples that appear at its DC-link due to single-phase connection .
Furthermore, large electrolytic capacitors must be connected to the PV string to limit these
ripples propagation in the PV power, thus reducing inverter life-time . Alternatively, two-stage
topology is investigated in which a power decoupling DC-DC stage is added before the inverter
stage. This stage decouples the energy change between the PV string and the inverter DC-link
which limits the voltage ripple impact on the PV source. Moreover, transformation of PV voltage
level can be achieved using this additional stage thus expanding its operating range .
Conventionally, maximum power point tracking (MPPT) is achieved by the DC/DC
converter stage while the second inverter stage inhibits two control loops to deliver power to
the grid . The first is an outer voltage control loop at the inverter DC-link and the second is an
inner current control loop which forces the inverter to produce a sinusoidal grid current at low
THD and almost unity power factor. Thus, the conventional control strategy for single-phase
two-stage system requires measurement of PV voltage and current to detect PV power and

achieve MPPT, DC-link voltage, and grid voltage and current.

12
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CHAPTER 2

SYSTEM UNDER CONSIDERATION

The considered system is a 1.5 kW, 220 V, 50 Hz single-phase transformer-less two-stage
grid—connected PV system as shown in Fig. 1. The PV source is a string consisting of ten
KD135SX_UPU PV arrays connected in series. The first stage is a boost converter responsible
for MPPT, PV voltage boosting, and decoupling between PV source and the DC-link.
The second stage inhibits a current-controlled voltage source inverter (VSI) for grid interface.

Boost chopper stage VSl stage
Fig 1. PV-grid connected system under consideration

2.1. Boost Converter

Boost converter steps up the input voltage magnitude to a required output voltage
magnitude without the use of a transformer. The main components of a boost converter are an
inductor, a diode and a high frequency switch. These in a co-ordinated manner supply power to
the load at a voltage greater than the input voltage magnitude. The control strategy lies in the

manipulation of the duty cycle of the switch which causes the voltage change.

13
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Supply / Load

[

Fig.2 A boost converter

2.2 Modes of Operation

There are two modes of operation of a boost converter. Those are based on the closing
and opening of the switch. The first mode is when the switch is closed; this is known as the
charging mode of operation. The second mode is when the switch is open; this is known as the

discharging mode of operation.
2.2.1 Charging Mode

In this mode of operation; the switch is closed and the inductor is charged by the source
through the switch. The charging current is exponential in nature but for simplicity is assumed to
be linearly varying. The diode restricts the flow of current from the source to the load and the
demand of the load is met by the discharging of the capacitor.
2.2.2 Discharging Mode

In this mode of operation; the switch is open and the diode is forward biased. The
inductor now discharges and together with the source charges the capacitor and meets the load
demands. The load current variation is very small and in many cases is assumed constant

throughout the operation.

14
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The gain of the boost converter, in the continuous power system, is given by [21];

VUKP —

Vi}p VPV L Dbuus!,

Vae 1

Gbaast =

where Vv is the array voltage, Vac is the DC-link average voltage that should be chosen to provide
proper modulation index of the inverter and Dooost IS the chopper duty ratio. The inductance of the
boost converter (Lnoost) is determined by selecting the acceptable current ripple passing through it
(Al from (2):

Dbnnst VPV - Dbmst(l - Dbmst)vdc

ﬂjL = =
fsw{b}Lbaast fsw[bJLbanst

where fswe) IS the switching frequency of the boost converter.
2.3 Decoupling Capacitor at DC-Link

The DC-link capacitor (C«) is sized according to keep DC-link voltage fluctuations within
specified limits ;

15
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c, —— B __h
;= —
deEﬁvdcp_p 2wV, Av,,
where Pq is the average active power injected into the grid, is the line angular frequency in

rad/sec, A vacp-p IS the peak to peak DC-link voltage ripple and A vec is the amplitude of the DC-link

voltage ripple.
2.4 Voltage Source Inverter

Increasing efforts are being made nowadays to use renewable energy sources. Processing the
energy obtained from sun, wind or water is coming to the fore. The energy supplied by these
sources does not have constant values, but fluctuates according to the surrounding conditions
(intensity of sun rays, water flow, etc.). These supplies are therefore supplemented by additional
converters. The most used types are inverters or DC/DC converters. The area of high power
converters for solar application is already covered by industrial manufacturers. However, the
area of low power devices is not fully covered. These converters are mostly built from
commercially produced parts that can perform demanded functions, but they are not developed
for this type of application and therefore the efficiency of the whole system is low. Low power
devices are important in applications where there is no voltage grid present and electric power is
required (mountains, desert expeditions, etc.) The simplified block structure of the investigated
system is shown in Fig. 1. A DC/DC converter with an MPPT (Maximum Power Point Tracker)
is connected to the solar array. A second DC/DC converter is connected to the output of this
converter. The second converter raises the voltage acquired from the solar system to the voltage
level demanded by the VSI.

Solar
array

Fig 3 .Block diagram of the system

The VSI is used for converting energy from DC to AC voltage. The detailed scheme of the
inverter is shown in the Fig. 3. The power part of the inverter is made of four MOSFETSs and the
L-C-L filter is connected to the output of the inverter. This filter ensures the sinusoidal shape of
the output current.

16
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DC link Inverter L-C-L filter

Fig 4.Inverter diagram

The inverter in this application can operate in two different modes. Firstly, it can operate in the
so-called “island mode”, which means that the converter acts as a voltage source and supplies
some devices with sinusoidal voltage of the common network parameters. PWM control is used
for this purpose. The second possible operation mode delivers current to the supply network.
PWM control is not suitable for this operation mode and the current hysteresis control is

therefore used.
2.5 PWM Control

Hysteresis control cannot operate in “island mode”, because there is no supply network voltage
that can guard the generated voltage. Then the converter is supposed to generate output voltage
with a sinusoidal shape, as in the supply network. The PWM control algorithm was therefore
used for “island mode”. The controller is shown in Fig. 5. The PI controller is used in the voltage

control loop. The output of the controller is the duty cycle for the modulator.

Uges P |—s iy

YV ¥

Uact

Fig 5 .Island mode control loop
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The second stage involves a current controlled full-bridge VSI operating with sinusoidal pulse
width modulation (SPWM) and a triangular carrier (15 kHz). The inverter output filter inductor
(Lac) is designed to mitigate the harmonics of the injected grid current. For high switching
frequency and near unity power factor operation, the output voltage of the inverter is

approximately equal to the utility voltage and the modulation index amplitude (ma) is given by

|rn‘:}

mg =
Ve

For single-phase inverters, Vdc level is determined such that ™« =1 so as to achieve
acceptable total harmonic distortion in the grid current (THDI). Hence, Lac is calculated from (5)

as follows.

2f_~:w[E}Lac Z‘Jg 2 S B 8 °

Al

where fswi) is the switching frequency of the inverter and Alg is the rms ripple component of the

grid current and can be calculated from;

Al
X 100 < THD(required)

Ig1) 6

THDI =

Where 1y (1) is the root mean square (rms) value of the grid current fundamental component.
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CHAPTER 3
MAXIMUM POWER POINT TRACKING

Maximum Power Point Tracking

The efficiency of a solar cell is very low. In order to increase the efficiency, methods are
to be undertaken to match the source and load properly. One such method is the Maximum
Power Point Tracking (MPPT). This is a technique used to obtain the maximum possible power
from a varying source. In photovoltaic systems the I-V curve is non-linear, thereby making it
difficult to be used to power a certain load. This is done by utilizing a boost converter whose
duty cycle is varied by using a MPPT algorithm. A boost converter is used on the load side and a

solar panel is used to power this converter.
3.1 Methods For MPPT

There are many methods used for maximum power point tracking a few are listed below:
* Perturb and Observe method
* Incremental Conductance method
* Parasitic Capacitance method

* Constant Voltage method
3.1.1 Perturb and Observe method

This method is the most common. In this method very less number of sensors are utilized

. The operating voltage is sampled and the algorithm changes the operating voltage in the

dp dP
|
required direction and samples 4 . If % is positive, then the algorithm increases the voltage

dar

value towards the MPP until ¥ is negative. This iteration is continued until the algorithm finally
16 reaches the MPP.

3.1.2 Incremental Conductance method

di 4P
: . — . —
This method uses the PV array's incremental conductance 4¥ to compute the sign of 4¥ . When

P
V' is equal and opposite to the value of 1/ (where 4V = Q) the algorithm knows that the

::.J_E
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maximum power point is reached and thus it terminates and returns the corresponding value of
operating voltage for MPP. This method tracks rapidly changing irradiation conditions more

accurately than P&O method.
P=V*]

Differentiating w.r.t voltage yields;

dP  d{V+l)

dv dav
7 =@+ v (&)

dp
When the maximum power point is reached the slope 4¥ =0 . Thus the condition would be;

dr
dv

dl I

av v
3.1.3 Parasitic Capacitance method
This method is an improved version of the incremental conductance method, with the
improvement being that the effect of the PV cell's parasitic union capacitance is included into the
voltage calculation .
3.1.4 Constant VVoltage method

This method which is a not so widely used method because of the losses during operation is
dependent on the relation between the open circuit voltage and the maximum power point
voltage. The ratio of these two voltages is generally constant for a solar cell, roughly around
0.76. Thus the open circuit voltage is obtained experimentally and the operating voltage is
adjusted to 76% of this value .
Constant Current method Similar to the constant voltage method, this method is dependent on

the relation between the open circuit current and the maximum power point current. The ratio of

20
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these two currents is generally constant for a solar cell, roughly around 0.95. Thus the short
circuit current is obtained experimentally and the operating current is adjusted to 95% of this
value . The methods have certain advantages and certain disadvantages. Choice is to be made
regarding which algorithm to be utilized looking at the need of the algorithm and the operating
conditions. For example, if the required algorithm is to be simple and not much effort is given on
the reduction of the voltage ripple then P&O is suitable. But if the algorithm is to give a definite
operating point and the voltage fluctuation near the MPP is to be reduced then the IC method is

suitable, but this would make the operation complex and more costly.

3.2 Flow Chart Of MPPT Algorithms

Two of the most widely used methods for maximum power point racking are studied here. The
methods are

1. Perturb & Observe Method.

2. Incremental Conductance Method.

The flow charts for the two methods are shown below.

3.2.1 Flow chart for Perturb & Observe:

*

Measure: Vpy{ty) ety
Veer= Wpn(ty)

P (01 = View (R Tev (1) |

Meusure: Vv (1), Tev (#2)
Ve = Vw i(1z)
[ Prv (t2) = Vv (t2)lev (£2) —_l
l APpv (1) = Py (1) - Py () I

Virilts) = Vielta) =
Ve 12} - C Vieeitz) + C

Fig 6 . Flow chart of perturb & observe
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3.3.2 Flow chart of incremental conductance method:
[ Begianing |

[ Messare: Viv () Iev (4) |

| Measure: Voy () v () |

dVpy = Viy ()-Vav ()
dlpy 7 kv (G)-Ipw (11)

JN- No

Vodty) = Vi) = Viudlty) = Vidts) =
Vedls) + C Vodtn) - € Vadty) - € Vet + C

1 1

Fig 7 . Flow chart of incremental conductance method
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CHAPTER 4
POWER BALANCE AT DC-LINK

Pdc pﬂw pg fl

: > - » ——r_ < ,f_
‘cap i VﬂltﬂgE | 'cnmp VH
— Source |v 6)
pca de
: Jr | . |Inverter P

Fig. 8. Power flow at the DC and AC sides of the inverter
Assuming that the AC inductor is small and the AC line current (ig) is sinusoidal and in phase

with the AC grid voltage (vg), equation (7) represents the power balance at the inverter

DC-link , as shown in Fig. 8.

Pdc = Pinv + pcup

where Pdc is the input power to the DC-link, pinv is the instantaneous power supplied to the
inverter, pcap is the instantaneous power in the DC capacitor (Cdc)
and

_ T duﬂc
pmp - Vdcf‘dc dt

Hence,

_ dvge
‘Ddc = Pinv + Vdccdc dt

where Ve, vac are the average and the instantaneous values of the DC-link voltage respectively.
Power at the inverter DC side (pinv) Will then flow through the inverter to the grid. However,
inverter losses must be taken into account as shown in (10) otherwise a disturbance into the

power balance equation will occur that results in a steady-state error in the DC-link voltage .
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dvdc
dt

Pac = Pg + Pioss + ViacCac

where, pg IS the instantaneous active power injected to grid and puess is the instantaneous inverter
power loss. To guarantee the previous power flow, the DC-link voltage is kept constant.

dvge

Consequently, the term At tends to zero over one cycle and the DC-link power balance is
satisfied. Hence, a control strategy is mandatory to achieve DC-link voltage regulation and grid

interface.

24
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CHAPTER 5
PV-GRID INTERFACE CONTROL TECHNIQUES

PV-utility interface can be achieved, for the considered system, using conventional control
technique . However, a DC-link voltage sensorless technique is proposed to realize this interface.
The control schemes of both techniques are analyzed, and then their performance is

compared to validate the feasibility of the proposed one.
5.1 Conventional Control Technique

The conventional control technique is shown in Fig. 9. Switching of the boost chopper is directly
controlled using variable step incremental conductance MPPT algorithm . On the other hand,
DC-link voltage regulation and interface with utility are conventionally achieved by two control

loops inhibited in the VSI; the outer DC-link voltage and the inner grid current control loops.

fg _ITH_'-"_
| g
Boost : f,fg
Cdiz vdt: VSI C,”/] Vsl
Clioppar Gating
= -1 signals

PR

Tt

i W >
vo (=
€« Carrier

Fig. 9. Conventional control technique scheme

5.1.1 Inner Grid Current Control Loop:

The inverter is required to inject a sinusoidal grid current with low THD and in phase with the
grid voltage. Thus, the output of the DC link voltage controller, which represents the reference
grid current amplitude, is multiplied by a sinusoidal template obtained using a phase-locked loop

(PLL) synchronized with the utility voltage. The current controller attempts to match the grid
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current with this reference sinusoidal current. The most common types of current controllers are:
the proportional integral (P1) with feed forward controller and the proportional resonant (PR)
controller. However, PR controllers have the ability to remove both the current's magnitude and
phase steady-state errors without the need of voltage feed forward unlike the conventional Pl
controllers.

Thus a PR controller is considered with a transfer function given by;

Gpr(s) = Kp + Kj———
F'R( ) F I 52 + fﬂ"?'
where Kp is the proportional gain, Ki is the resonant part gain and w is the resonant frequency of

the controller which is the grid voltage angular frequency.

5.1.2 Outer DC-link Voltage Control Loop:

This loop is responsible for DC-link voltage regulation by adjusting the amplitude of the

———

sinusoidal reference grid current ( gref. ). This current amplitude represents the active
component of the reference grid current which indicates the instantaneous amount of power
available at the DC side of the inverter (pinv) . By accurate adjusting to this current amplitude
and using a fast grid current controller of a bandwidth of a few kHz, power at the inverter side is
transferred to the grid. Thus, power balance at the DC-link is achieved which makes Vdc
stabilizes at the required level.

However, in order to compensate for system losses (i.e. inverter losses and the energy required

by Cdc to keep Vdc at a certain level), a decrease in the power available

o —

at the inverter side occurs which in turn decreases Igref " . The latter imposes losses on the
utility grid.

The DC-link voltage controller can be implemented as a simple proportional controller or
proportional integral (PI) one to minimize the DC-link voltage steady-state error . The latter is
applied and represented by the transfer function given in (14) where Kp and KI are the applied

controller's proportional and integral gains respectively,
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K;
Gpi(S) = Kp + ?

However, the DC-link voltage controller must be precisely tuned to limit the oscillations
reflected in the grid current reference. Otherwise, grid current THD can exceed the limit
and a larger DC capacitor may be required, to overcome these oscillations, which in turn reduces
the inverter life-time. Hence, this loop controller is designed for a low cross-over frequency (10-
20 Hz) in order to attenuate the magnitude of the DC-link voltage ripple with double line
frequency (100 Hz) .

0.7

e \/ 4= 400V
0.6 ; Vac-"=3ZQV \ o i)
0.5 R XM o ZA N el /

—

< 0.4}.

—_

=¥

§ 0.3} -

-
—_—

0.2}

0.1

Pev (W)

Fig. 10. Mapping between Ppy and lcom
At certain Va, as Pev increases system losses increase which requires the increase of Icomp tO
compensate for these losses. Hence, for constant Ve, lomp depends on Pev and changes
proportionally with it however in a non-linear form. Moreover, as Va increases, for constant Pev,
energy acquired by the DC-link capacitor increases which results in an increase in lcomp to
compensate for this energy. Figure 10 shows the non-linear relation between Pev and lcomp for two
different vac values. It can be noticed that at Vac=320V (i.e. ma=1), lcomp has lower value which in turn

decreases utility losses.

Hence, mapping between Pev and lcomp, at a predetermined Vac level, is system-dependent and

mandatory in order to achieve the proposed DC-link voltage sensor-less scheme. The Pev-Icomp
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mapping can be implemented using a simple look-up table. However, for more precise mapping
and better system performance, a simple feed-forward back-propagation neural network (NN) is
created and utilized in the proposed technique . It consists of an input layer, one hidden layer
and an output layer as shown in Fig. 11. The input represents the PV power while the output
layer gives the compensating current which corresponds to the input PV power and is required to
stabilize va at a predetermined level. The applied hidden layer features 10 sigmoid neurons.
Successful fitting between Pev and Icomp depends on the hidden layer and how well the NN is
trained to optimize the weights of links between nodes. The utilized NN is off-line trained where
the number of the applied training epochs is ten to give almost zero mean square error for the

studied case.

Input Layer Hidden Layer Output Layer

Input (Pey) o " Output (lcomp)
—> 00—

Fig 11. Appllied neural network configurtion
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CHAPTER 6
SIMULATION RESULTS

The transient and steady-state performance of the conventional scheme is compared to that of the
proposed, under two step changes in irradiance; from 1000 w/mz to 600 w/mz at 0.6 sec then from
600 W/mz to 800 w/m:z at 0.9 sec. The DC-link voltage is adjusted at 320V to decrease utility

power losses as described in the previous subsection.

As shown in Fig. 11, both techniques succeed in extracting PV maximum power for different
irradiance levels. Fig. 8 shows that the DC-link voltage, for both schemes, stabilizes at 320V.
Finally, Fig. 9 shows the grid current acquired by both techniques during irradiance changes.
Simulation results are analyzed and performance parameters are given in Table I. At system
start-up ( Table I), Vac overshoot in the conventional technique is larger than that of the proposed
one by about 80 V, thus Ca of the former must handle this voltage increase. On the other hand,
Vae adjustment takes much more time, in the proposed scheme, which increases
transient power losses. However, once the required Vi level is reached, the proposed scheme
shows better transient response for sudden irradiance changes, due to the elimination of outer

loop controller. This is shown as follows;

During the first irradiance step change at t=6sec, radiation decreases, thus Ppv Will decrease
causing a transient decrease in Ve till it is regulated to 320V. Analyzing Fig. 8.b, 9.b and
Table 1, the conventional control scheme shows slower response by about 0.3 sec. Furthermore,
it experiences Vac Which transiently decreases to 300V i.e. ma>1. Thus, the grid current THD goes
transiently beyond acceptable limits (=31.42 %) according to IEEE Std. 519 [26]. On the other
hand, the proposed technique shows faster response and transient Vac decrease to 310 V i.e. ma=I.
Hence, its grid current THD iswithin limits (= 6.3%) during its transient period.

During the second irradiance step change at t= 9 sec, radiation increases, thus Pev increases
causing transient increase in Vd .Considering Table I, the conventional scheme exhibits longer

settling time and transient Ve increase to 360V causing transient increase in
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utility power loss by almost 25% of its steady-state value (80W). However, the proposed scheme
shows almost non significant Vi increase during its transient period.
Finally, considering the steady-state results shown in Table I, both schemes gave close results

which proves the validity and feasibility of the proposed technique.

TABLE |
TRANSIENT AND STEADY-STATE PERFORMANCE PARAMETERS

Transient for V. Steady-state
Irr‘ﬁfia:}? ¢ ]C: m-;. Ei::r:;, ten | Av | Power THD Phase
(W/m e %mf; - (sec) | p-p | losses shift
Start- Conv.|+68.75% | 04 [50V | 92W | 3% 1°

1000W/m’ Prop. |+ 43.75%| 4 |50V 98 W | 2% 0°
From 1000 |Conv.| —6.25% | 0.4 {30V |74.5W |3.8% | 0.8°
to 600W/m’ | prop. | —3.13% | 0.1 |30V |74.8W | 3% | 0.1°
From 600 JConv.|+12.5% [ 0.2 [40V | 80W [3.2% | 1°
to 800W/m” | Prop. | +1.5% |0.07 |40V [80.5W{2.2% | o©°

{ Conventional

6 8
Time (sec)

Fig. 12. Maximum power extracted from PV string using conventional techniques at three
different irradiance levels
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CHAPTER 7
MATLAB

7.1 Introduction:

Matlab is a high-performance language for technical computing. The name mat lab
stands for matrix laboratory. It integrates computation, visualization, and programming in an
easy-to-use environment where problems and solutions are expressed in familiar mathematical
notation. Typical uses include Math and computation Algorithm development Data acquisition
Modeling, simulation, and prototyping Data analysis, exploration, and visualization Scientific

and engineering graphics Application development, including graphical user interface building.

7.2 Strengths:
e MATLAB is relatively easy to learn.

e MATLAB code is optimized to be relatively quick when performing matrix operations.
e MATLAB may behave like a calculator or as a programming language.
e MATLAB is interpreted, errors are easier to fix.

e Although primarily procedural, MATLAB does have some object-oriented elements.

7.3 Other features:

e 2-Dand 3-D graphics functions for visualizing data

e Tools for building custom graphical user interfaces

® Functions for integrating MATLAB based algorithms with external applications and
languages, such as C, C++, FORTRAN, Java, COM, and Microsoft Excel.

7.4 Components:

e \Workspace
e Current Directory
e Command History

e Command Window
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7.5 Toolboxes :

e Simulink

e Fuzzy

e Genetic algorithm
e Neural network

e Wavelet
7.6 Applications:

Some of the mat lab applications listed are:

¢ Orthogonal frequency division multiplexing

e (Genetic algorithm data mining

e Speech recognition using VQ method

e Channel Estimation and Detection in DS-CDMA

® Analysis of iterative channel estimation and multi-user detection in multi path DS-
CDMA channels
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96 & = =) | @ |[Cipomuments and settingsimmpsiy Decoment=ATLAS =@
How o Add 2] What's New

wooe x

=R
« «| 4z~ | | @ newto MaRAB? Wakch this Video, see Demos, or read Getting Started. x || & o %= | B ‘_v
|name ¢ |pate Modfied (1% > Name - value
accel_rtwr 1L/10{10 12:15 P ot <1l dak
11710110 12:16 P11
10731j09 3:17 A

10/31j09 4:49 A4

e 103D S50 COMMAND \‘YORK < =-r—-—
: WINDOW SPACE

11110110 10,12 A4
10127109 3:19 A
1027110 6114 P
g 1
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1031109 350 AM MM N]
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lonzio2ierem HISTOR
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111110 6:23 P
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Block diagram of Mat lab components
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CHAPTER 8
SIMULINK

8.1 Introduction:

Simulink is a software add-on to mat lab which is a mathematical tool developed by The
Math works,(http://www.mathworks.com) a company based in Natick. Mat lab is powered by
extensive numerical analysis capability. Simulink is a tool used to visually program a dynamic
system (those governed by Differential equations) and look at results. Any logic circuit, or
control system for a dynamic system can be built by using standard building blocks available in
Simulink Libraries. Various toolboxes for different techniques, such as Fuzzy Logic, Neural
Networks, DSP, Statistics etc. are available with Simulink, which enhance the processing power
of the tool. The main advantage is the availability of templates / building blocks, which avoid the

necessity of typing code for small mathematical processes.

8.2 Concept of signal and logic flow:

In Simulink, data/information from various blocks are sent to another block by lines
connecting the relevant blocks. Signals can be generated and fed into blocks dynamic /
static).Data can be fed into functions. Data can then be dumped into sinks, which could be
scopes, displays or could be saved to a file. Data can be connected from one block to another,
can be branched, multiplexed etc. In simulation, data is processed and transferred only at discrete
times, since all computers are discrete systems. Thus, a simulation time step (otherwise called an
integration time step) is essential, and the selection of that step is determined by the fastest

dynamics in the simulated system.
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Fig 13. Simulink library browser

8.2.1 Sources and sinks:

The sources library contains the sources of data/signals that one would use in a dynamic
system simulation. One may want to use a constant input, a sinusoidal wave, a step, a repeating
sequence such as a pulse train, a ramp etc. One may want to test disturbance effects, and can use
the random signal generator to simulate noise. The clock may be used to create a time index for
plotting purposes. The ground could be used to connect to any unused port, to avoid warning
messages indicating unconnected ports.

The sinks are blocks where signals are terminated or ultimately used. In most cases, we
would want to store the resulting data in a file, or a matrix of variables. The data could be
displayed or even stored to a file. The stop block could be used to stop the simulation if the input
to that block (the signal being sunk) is non-zero. Figure 3 shows the available blocks in the
sources and sinks libraries. Unused signals must be terminated, to prevent warnings about

unconnected signals.
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Fig 15. Sources and sinks

8.3 Continuous and discrete systems:

All dynamic systems can be analyzed as continuous or discrete time systems. Simulink
allows you to represent these systems using transfer functions, integration blocks, delay blocks

etc.
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Eil= Edit Wi Famnak Help

1 1
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Derivativel

fig 16 continous and descrete systems

8.4 Non-linear operators:

A main advantage of using tools such as Simulink is the ability to simulate non-linear
systems and arrive at results without having to solve analytically. It is very difficult to arrive at

an analytical solution for a system having non-linearities such as saturation, signup function,
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limited slew rates etc. In Simulation, since systems are analyzed using iterations, non-linearities

are not a hindrance. One such could be a saturation block, to indicate a physical limitation on a

parameter, such as a voltage signal to a motor etc. Manual switches are useful when trying

simulations with different cases. Switches are the logical equivalent of if-then statements in

programming.
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File Edit Miew Format Help
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Ll H
fanual Switch hlultipart
Switeh
F
Coulomb &
Wiscous Friction

Fig 17. simulink blocks

8.5 Signals & data transfer:

In complicated block diagrams, there may arise the need to transfer data from one portion

to another portion of the block. They may be in different subsystems. That signal could be

dumped into a GOTO block, which is used to send signals from one subsystem to another.
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Multiplexing helps us remove clutter due to excessive connectors, and makes matrix

(column/row) visualization easier.

8.6 Setting simulation parameters:

Running a simulation in the computer always requires a numerical technique to solve a

differential equation. The system can be simulated as a continuous system or a discrete system

based on the blocks inside. The simulation start and stop time can be specified. In case of

variable step size, the smallest and largest step size can be specified. A Fixed step size is

recommended and it allows for indexing time to a precise number of points, thus controlling the

size of the data vector. Simulation step size must be decided based on the dynamics of the

system. A thermal process may warrant a step size of a few seconds, but a DC motor in the

system may be quite fast and may require a step size of a few milliseconds.
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CHAPTER9
CONCLUSION

This paper proposes a novel DC-link voltage control technique, for single-phase two-stage PV-
grid connected systems, which eliminates the DC-link voltage control loop. Alternatively, a new
adjustment method of reference grid current is presented to transfer the PV power to the utility.
Thus, energy balance is achieved at the DC-link and DC voltage stabilizes at a predetermined
level. Consequently, control scheme complexity is minimized and system stability is enhanced.
Moreover, high DC-link voltage sensor elimination reduces the system size and cost. Simulation
results are analyzed to evaluate proposed technique performance and compare it with that of the
proposed one. Although the novel technique IS slower to
stabilize the DC-link voltage at start-up, once the required DC-link voltage is reached, the
proposed technique shows better transient response during sudden irradiance changes. At
steady-state, both techniques give close results, which validates the proposed technique

effectiveness.
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