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Abstract

This paper offers two Maximum Power Point Tracking (MPPT) systems for Photovoltaic (PV) applications. The first MPPT
method is based on a fixed frequency Model Predictive Control (MPC). The second MPPT technique is based on the Predictive
Hysteresis Control (PHC). An experimental demonstration shows that the proposed techniques are fast, accurate and robust in
tracking the maximum power under different environmental conditions. A DC/DC converter with a high voltage gain is obligatory to
track PV applications at the maximum power and to boost a low voltage to a higher voltage level. For this purpose, a high gain
Switched Inductor Quadratic Boost Converter (SIQBC) for PV applications is presented in this paper. The proposed converter has a
higher gain than the other transformerless topologies in the literature. It is shown that at a high gain the proposed SIQBC has

moderate efficiency.
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I. INTRODUCTION

Driven by anxieties over environmental protection and
energy accessibility, the installation of photovoltaic (PV)
energy-productions systems has been noticeably enlarged
during the last years. The decreasing prices of PV modules and
more highly efficient power conversion systems have
supported that trend by augmenting the economic viability of
the installed PV systems. More than 38 GW of new PV
capacity was installed across the world during 2013, which
resulted in a worldwide cumulative installed capacity of 138.9
GW during that year [1], [2]. A simple microgrid consists of at
least one distributed generation source, a load, and storage
systems [3]-[6]. Renewable energies like solar and wind are

environmentally friendly sustainable sources of energy [7]-[13].

One of the most efficient and well-accepted renewable energy
source is Photovoltaic (PV) systems. Adequate and efficient
Maximum Power Point Tracking (MPPT) is needed, due to the
nonlinearity of PV sources. Several techniques have been
proposed for maximum power tracking [7]-[20]. MPPT
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algorithms have to be stable, robust, fast, and efficient. Due to
fast changes in environmental conditions, MPPT algorithms
should respond quickly to changes in atmospheric conditions.
The Perturb and Observe (P&O) method is one of the most
commonly used techniques, due to its simplicity, ease of
implementation, and good performance. Nevertheless, it is
observed that there some power losses due to the perturbation,
and that it the fails to track the power under fast varying
atmospheric conditions [9]-[15]. Perturbation determines the
system response and the steady state error. For lower
oscillations a small perturb value is required, while large
perturb values cause higher oscillations. Unfortunately, smaller
perturb values result in a slower response [17]. One solution is
to use a perturb value that varies, as proposed by the authors of
[18]. The initial perturb value is fixed to be 10% of the
open-circuit voltage. Each sequential perturb is 50% of the
aforementioned value till the perturb value is 0.5% of the
open-circuit voltage. A passable outcome is achieved with this
method. However, it depends on the open-circuit voltage,
which diverges due to environmental circumstances, and is not
so easy to predetermine. The Incremental Conductance (IC)
technique works on the principle that the slope of the PV array
power curve is zero at the MPP, positive to the left of the MPP,
and negative to the right. Likewise, with the P&O technique
the increment step size calibrates how quick the MPP is
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Fig. 1. Configuration of the proposed system.

tracked [16]. Larger increments can lead to faster tracking but
might also make the system not operate precisely at the MPP.
Instead, it could fluctuate around the MPP. The authors of [19]
proposed a short-circuit pulse-based MPPT with a fast scan on
the P—V curve to identify the proportional parameter which is
used in current-based MPPT [20]. The authors of [21] measure
the open-circuit voltage and the short-circuit current, and then
the optimum voltage and current values are calculated. Thus,
the operating point is progressed with one step to the optimal
operating point, according to the computed values.

Finite-set Model Predictive Control (MPC) is a promising
control technique [22]-[26]. MPC does not involve any
complex control loops. It deliberates the controlled plant as a
finite set of linear models, each demonstrating a physical
switching state. The controlled variable is predicted in every
switching state. The control is assessed and applied at
intermediate instants of time [24]-[26]. This results in a
variable switching frequency where the maximum switching
frequency is limited to half the sampling frequency [22]. Under
a variable switching frequency, it is problematic to control
Electromagnetic Interference (EMI) and to preserve a desired
output voltage quality. Another prediction technique is
presented in [22] to uphold a fixed switching frequency
without the need for additional on-line calculations.

Hysteresis controllers have been used as a substitute for the
Pulse Width Modulation (PWM) technique, due to their
essential advantages such as: simplicity in carrying out control
operations without complex hardware, fast dynamic response,
and inherent capability to bind the peak current injected by the
converter [27]-[29]. In conventional hysteresis controllers the
error band is generally fixed to a certain value. It is significant
that the switching frequency varies within a band [27], [28].

This paper proposes two MPPT techniques for PV
applications. The first proposed technique is a two stage
algorithm. The two techniques are considered as a modification
of the well-known incremental conductance algorithm. The
first modification is done by adding a second stage to the
incremental conductance algorithm. The second stage is based
on the Fixed Frequency Model Predictive Control (FFMPC)
MPPT technique. In the second modified technique, the second
stage is based on predictive hysteresis. The two proposed

techniques are established experimentally. The proposed
system under exploration is depicted in Fig. 1. It consists of
one PV module, the proposed high-gain SIQBC to boost the
low voltage of the PV module to the load voltage level, a dc
load or battery, and a schematic of the MPPT controller.

II. PROPOSED SWITCHED INDUCTOR QUADRATIC
BOOST CONVERTER

This paper suggests a transformerless high-gain Switched
Inductor Quadratic Boost Converter (SIQBC) for PV
applications. Fig. 2 portrays an electrical circuit diagram of the
SIQBC. The proposed converter involves four inductors, nine
diodes and one switch. The offered converter operates in the
Continuous Conduction Mode (CCM). This causes the
converter to have two modes of operation.

During the first subinterval when the switch SW is turned on,
as shown in Fig. 2(b), diodes D1, D3, D7, D6 and D5 are
turned on, and D2, D8 and D4 are turned off. Hence, the two
inductors charge in parallel. The characteristic equations of the
system are as follows:

dipq(t dip,(t .
Ly P20 = 1, 20 = v (6) = Vg = Ron + Rux)-ira (D)(1)
ipv(t) = 2ig, (1) 2
dipq (t dip o (t .
Ly 20 = 1, 20 = v (1) = Vg = (Ron + Rup).iis(H) (3)
dvo(t) _ —Vo
o0 =2 0)

The second mode of operation occurs when the switch SW is
off, as shown in Fig. 2(c), diodes D1, D3, D7, D6 and D5 are
turned off, and D2, D8 and D4 are turned on. Hence, the two
inductors discharge in series. The characteristic equations of
the system are as follows:

20, P20 =y (6) = vey () — 2V — 2Ry (B)  (5)
ipv(t) =i (t) (6)

di .
215 220 =y (£) = v,(t) — 2V, — 2R, igs(D)  (7)

dve(t) _ . Vo
Con P22 = i (1) — 2 ®)
From equations (1) and (5):
1
Vope D = V4.D — (Rop, + Ry1). 111D + 5 (1-D).V,,.2d -

%. (1-D).V.,,—(1-D).Vy—(1—D).R,.I,; =0 9)

2 (1-D)
Ve = o <va. (D+%2) = Vo = Iy (Ron. D + RLl))

(10)

From equation (3) and (7):
1
Vei.D —=Vy.D — (Ryp + Ry3).1;5.D + . V...(1-D)—
1
E.VO.(l—D)—(1—D).Vd—(1—D).RL3.1L3=0 (11)

2 (1-D)
= (Vcl- (D +%2) = Vo = I3 (Ron. D + RL3))(12)

The proposed converter has a very high gain. The ideal gain

INS

of the proposed converter is given by the following equation:
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Fig. 2. SIQBC and its modes of operation (b) Mode 1 (c) Mode 2.

Vo _ (14D)?

="

in  (1-D)2

(13)

The voltage gain of the Quadratic Boost Converter (QBC)
proposed in [30] is given by:
Vo _ 1
" Vin  (-D)?

(14)

Meanwhile, the voltage gain of the Switched Inductor
Converter (SIC) proposed in [31] is given by:

Vo _ (1+D)

p=e =02 (15)

The voltage gain of the Traditional Boost Converter (TBC)
in [32]is given by:

Vo 1
Vi a-D) (16)
pU> L37 iL3’ Vo, Ra Ran)
R;4, Ry3,and C, refer to inductor L1 inductance, inductor L1
current, PV voltage, capacitor C1 voltage, diode voltage, PV
current, inductor L3 inductance, inductor L3 current, output
voltage, load resistance, on resistance of the switch,
equivalent series resistance of inductor L1, equivalent series
resistance of inductor L3, and output capacitance, respectively.
The proposed SIQBC has a high gain compared to the other
transformerless topologies in the literature. Fig. 3 and Fig. 4
depict a gain and efficiency comparison between the proposed
SIQBC, Quadratic Boost Converter (QBC), Switched Inductor
Converter (SIC), and Traditional Boost Converter (TBC). The
efficiency was calculated by considering an input voltage fixed
at 30 V. Load resistance is fixed and the following losses of the
circuits are taken into account: diode forward voltage drop,

Where L1, iy, Vpy, Ve, Vg i

switch on resistance and inductor equivalent series resistance.
The values of these losses are depicted in Table I. Fig. 3
depicts the ideal voltage gain versus the duty cycle for the
proposed SIQBC, SIC, QBC and TBC. Having a higher
voltage gain is significant in PV applications, since it enables
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Fig. 4. Calculated efficiency comparison.

the use of a lower number of PV modules. Using fewer PV
modules reduces the effect of partial shading. As shown in Fig.
3, the proposed SIQBC has the highest gain among them. Fig.
4 depicts a comparison between the efficiency against the
voltage gain of each topology. To compute the efficiency of
each converter the following losses were taken into account:
diode forward voltage drop, switch on resistance and inductor
series resistance. The values of all of the conduction loss
parameters are depicted in Table I. According to Fig. 4, at a
lower voltage gain, the TBC has the highest efficiency, while at
a higher gain, the proposed SIQBC has the highest efficiency.
The target of this paper is for ac module applications, which is
why high-gain converters are required.

Table II displays the voltage stresses of the proposed SIQBC.
As shown in the table, the switch has a reverse voltage equal to
the output voltage, diodes D1, D4, and D3 have a reverse
voltage equal to the difference between the capacitor C1
voltage and the input voltage, diode D2 has a reverse voltage
equal to the input voltage, diodes D6 and D7 have a reverse
voltages equal to the difference between the output voltage and
the capacitor C1 voltage, diode D8 has a reverse voltage equal
to the voltage of capacitor Cl1, diode D9 has a reverse voltage
equal to the output voltage, and diode D5 has a reverse voltage
equal to the difference between the output voltage and the input
voltage. The voltage stresses of the SIC are also depicted in
Table II. As can be seen in the table, the switch has a reverse
voltage equal to the output voltage, diodes D1 and D2 have a
reverse voltage equal to the difference between the output
voltage and the input voltage, diode D3 has a reverse voltage
equal to the input voltage, and diode D4 has a reverse voltage
equal to the difference between the output voltage and the input
voltage. Table II shows the voltage stresses of the TBC. As can
be seen in the table, the switch has a reverse voltage equal to
the output voltage, and diode D4 has a reverse voltage equal to
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TABLE I
PARAMETER USED IN LOSSES CALCULATIONS Yn(K)
Losses item value yrlK)
Diode forward voltage drop SV I Vona(K)
Switch on resistance 3Q | oK)
Inductor series resistance .034 Q | p
tk tk+1
TABLE II Fig. 5. MPC principle of working.
COMPONENTS VOLTAGE STRESSES COMPARISON. . |
Comp. | Reverse voltage ‘ Comp. ‘ Reverse voltage 0 | 0 1
T T I T T T T T T
Proposed SIQBC Components voltage stresses. T PENIN 1 ! L
D2 Vin D1=D3 Vel-Vin 0 l ...... ol [ h .
D8 Vel D7=D6 Vo-Vel n=0 2T3 4 5 N n=0 1 2T3 4 5
SW SW
D9 Vo SW Vo
—
D4 Vel-Vin D5 Vo-Vin Y;W/
2
The SIC components voltage stresses. Fig. 6. Depiction of the MPC switching period and prediction
D1=D2 Vo-Vin SW Vo possibilities. (a) Predictions when n<N/2. (b) Predictions when
D3 Vin D4 Vo-Vel n>N72.
TBC components stresses. . . R
L 2) Define a cost function that represents the desired behavior
D4 Vo-Vcl ‘ SW ‘ Vo
of the system;
QBC components stresses. 3) Obtain discrete-time models that make it possible to
D2 Vo-Vin D3 Vo-Vin predict the future behavior of the variables to be
DI Vcl-Vin SW Vo controlled.
D2 Vo-Vi D3 Vo-Vi .. .
= SmLL Predictions of the future values of the controlled variables

the difference between the output voltage and the input voltage.
Table II shows the voltage stresses of the QBC. As shown in
the table, the switch has a reverse voltage equal to the output
voltage, diodes D2 and D3 have a reverse voltage equal to the
difference between the output voltage and the input voltage,
and diode D1 has a reverse voltage equal to the difference
between the capacitor C1 voltage and the input voltage.

ITI. FIXED FREQUENCY MODEL PREDICTIVE
MPPT CONTROL

The MPC principle of operation is illustrated graphically in
Fig. 5. Fig. 5 clearly illustrates the essential properties of the
model predictive control strategy. All of the possible system
Yen(K +1)
discrete-time model of the system for all of the control actions
of N(N=1,23...n). Take N =1 as an example; the system
behavior at the k + 1 instant can be predicted with the
measured value y(k) and n possible voltage vectors. This
results in n possible values Yp; Ypz o ooe-Vpn.

transitions can be predicted using the

Suppose that yp,is the closest to y*. Then, the voltage
vector producing yp, will be selected and applied between the
k and (k + 1) instants. The MPC for power electronics
converters can be designed using the following steps:

1) Model the power converter to identify all of the possible
switching states and their relation to the input or output
voltages or currents;

are required in MPC. Since the target is to control the PV
current to extract the maximum amount of power from the PV,
the two controlled variables are the PV output voltage and
current. Predictions of the future values of the circuit variables
gives the advantages of fast reference tracking.

To allow the MPC to operate at a fixed frequency, choose
the desired switching frequency with a time period,T,, where
the switching period is divided into a number of N steps, and
each step represents the sampling period,T;. The relationship
between Ty,,, N and Ty is as follows:

TN Where N€{246....} 17)

s

Fig. 6 illustrates how the MPC designed to operate at fixed
frequency. The operation of fixing the switching frequency of
the MPC can be simplified as follows: while n<N/2, the
algorithm assumes starting in the on state and predicts whether
to stay on or to turn off. The algorithm then generates active
states until the optimization process indicates that zero states
are required. As a result, zero states remain until n=N/2. For
n>=N/2, the algorithm assumes that the system now starts in
the off state, and a prediction is made to determine whether the
system should stay off or turn on. Once the system is switched
on, it will remains on until the end of the switching period.
After it has been resettled, the prediction process is restarted
for the next switching period. This approach ensures that the
system is switched at a fixed switching frequency. A model for
the controlled system is necessary to enable predictions of the
system variables and selection of the optimum operation
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Fig. 7. Flowchart of INC-MPC Algorithm.

according to the specified cost function.

A. Discretization

A model for the controlled system is required for the
implementation of the finite-set model predictive control. To
construct the model, discretization is required. Discretization of
the proposed SIQBC can be done as follows:

Let dip(t) — 11, (k+1)=11,(k) (18)
dt Ts

Consider that the sampling time is T;. As a result, the
discretization of the system equations can derive from (1) to (5)
discrete equations when the switch SW is on:

Lk +1) = 2. (Y (k) = V)13 (K. (1 = (Ron + R11))
(19)

Replacing the value of I,,by its value in equation (2), the

following equation can be obtained:
Ly, (k+1) =

e (o) = Va) + o (). (1= . Ron + 1)) (20)

50
The discrete equation when the switch SW is off:
Lotk +1) =

= (Vo () = Vey = 2Va) + 1y (K) (1 = 2Ry ) 21)

2L1

The behavior of the restrained variables can now be
predicted for the next sampling instant to obtain the control
actions for both the present and a future period. For estimating
the prospective behaviors of the monitored variable
photovoltaic current, the photovoltaic voltage and converter
output voltage are measured.

The key parameter of the MPC is the cost function since it
determines the needed control function. In the proposed system,
the needed control function is to control the PV’s output
current and voltage. For the required control criteria of the
proposed system, the cost function is given as (22) and (23).
The cost function of this system when a switch is turned off:

Go = |Ipv,0(k +1) - lref| 22)
The cost function of this system when a switch is turned on:
Gl = |Ipv,1(k + 1) - Iref| (23)

WherelL,,o(k +1), ILy,,(k+1), L., Gy, G; and V4
are related to the predicted current of the PV module when the
switch is turned off, predicted current of the PV module when
the switch is turned on, reference current generated by the IC
algorithm, cost function when the switch is turned off, cost
function when the switch is turned on, and capacitor Cl
voltage, respectively.

A flow chart of the proposed system is depicted in Fig. 7.
The operation of the proposed technique is as follows: the
current and voltage of the PV module, and output voltage are
measured. The prediction of the upcoming value of the PV
voltage and current is performed in two states. State one is
when the switch is turned on, and state two is when the switch
is turned off. The difference between the current values and
previous values of the voltage and current of the PV module is
calculated afterwards. The algorithm checks the difference in
the voltage if it is equal to zero. After that, the difference with
the current is checked. If it is equal to zero the algorithm keeps
the reference current with no changes. However, if it is greater
than zero, the algorithm decreases the reference current; and if
it is less than zero, the algorithm increases the reference current.
If it is not equal to zero, the algorithm checks the term. If this
term is equal to zero the algorithm keeps the reference current
with no change. However, if this term is greater than zero, the
algorithm decreases the reference current; and if it is less than
zero, the algorithm increases the reference current. After
generating the reference current, the algorithm calculates both
the cost function during the turn on case and the cost function
when the switch is turned off. Finally, the algorithm does some
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optimization according to the minimum criteria. If it is smaller
than the criteria, then the result of the algorithm is to turn off
the switch. On the other hand, if it is greater than the criteria,
the controller turns on the switch.

IV. FIXED FREQUENCY PREDICTIVE HYSTERESIS
CONTROLLER

Fig. 8 represents the two stage predictive hysteresis MPPT
controller. The photovoltaic voltage and current are measured
and used by the IC algorithm to increment or decrement the
reference current, which allows the PV module to function at
the maximum power. The predictive hysteresis stage matches
the measured current and the reference current, which produces
the optimum pulses for the converter. The hysteresis band
calculation is used to generate the adaptive hysteresis band for
fixing the switching frequency. Adding PHC develops the
performance of the MPPT control and gives a faster response
and the ability to extract maximum power under different
environmental conditions.

The development of the PV output current with hysteresis
control is depicted in Fig. 9. Fig. 9 depicts the PV output
current, the reference current and the adaptive hysteresis band.
The difference between the PV output current and the reference
current can be expressed as follow:

8 =1ip, — 1" 24)

Where iy, is related to the output current of the PV module,
§ is the difference between the measured and reference current,
and i* is the reference current generated by the IC algorithm.

It is possible to deduct an equation for each of the switching
periods according to Fig. 9, for [0,t,]:

ds _ dipy  di* _ 2h

dc  dt  dt (29
And for [tq, Ts]:
a6 _ _dipy _di* _ _ 2h
dt ~ dt dt ~  t (26)

Bear in mind the equivalent circuit of the proposed SIQBC
and use equations (1) and (5). For the sake of simplicity the
losses will be deducted from equation (1) and (5).

The PV output current when the switch of the SIQBC is
turned on is given by:

dipy
Voy = L1222 27)
While its descriptive equation when the switch is turned off

is as follows:

Vi = Vg = 2.L. 220 ©8)

dt

Substituting d;’iv in equations (27) and (28) by it is value
in equations (25) and (26), respectively.

ds di*
Vpy = L. (E + I) 29)
dé di*
Vov = Ve = 2.L. (T +5) (30)

By the substitutions of equations (29) and (30) into
equations (25) and (26) it is possible to obtain the following

|
| Loy |
| |
Ip, — I
—2V 1 Modified Ref Hysteresis ﬂlses
VPV Ic C t
——1 Algorithm |! omparator :
|
| |
V. |5 Hysteresis |
11 Band h :
Vc1_:_' Calculation |
L J

Fig. 8. Proposed Predictive Hysteresis control based Maximum
Power Point tracking control.

Fig. 9. PV output current with hysteresis control.

equations:

(Voy — L2ty =2.L.h 31)

(Vo= Ve —2L5) t,=—4Lh  (32)
Adding equations (31) and (32):
Ts i 2Lh
ty = — g% (Vpy — L )+7( — (33)

2 = dir " de di
(Ver+log) dt Ver+Logp)

Finally, by substituting equation (33) into equation (26) and
simplifying the terms, equation (34) is reached:

h = ~Tsx (%_?Tit*)

(
<<4.L_Wc;t_%it,)).(vpv-vm-z.hj;;))
(34)

Equation (34) outlines the adaptive hysteresis band that
depends on the system parameters. Where t; is the turn on

\Y

ar
ov = Ve — 2.L.57)

dt

time, t, is the turn off time, Ts is the sampling time, L is the
inductor value, V,, is the output voltage of the PV, V, is the
converter output voltage, i* is the reference current, iy, is the
output current of the PV module, and h is the adaptive
hysteresis band.

V. EXPERIMENTAL RESULTS

In order to authenticate and verify the effectiveness of the
proposed techniques, a practical setup is arranged. A schematic
of the experimental setup is depicted in Fig. 10. As shown in
Fig. 10, a PV simulator is used to simulate the PV module, a
prototype of the SIQBC is used as an interface between the dc
load and the PV simulator, and a PE Expert with a TI DSP
C6713 controller is used to implement the proposed MPPT
algorithms. The experimental setup, depicted in Fig. 11,
consists of an Agilent E4360A modular solar array simulator to
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Fig. 11. Experimental Setup.

generate the PV system and the -V curves. The proposed
SIQBC is utilized to boost the output voltage and track the
MPP, current sensors are utilized to sense the PV current, and
the voltage sensor is utilized to measure the PV output voltage.
The PE Expert is a digital controller with a TI DSP C6713
made by my way plus company. The PE Expert C6713
controller is used to realize the proposed MPPT. The circuit of
the proposed SIQBC, illustrated in Table III, is built using a
IXTK22N100L, an N channel MOSFET, and a
VS-EPU3006-N3, fast rectifier diode. The inductor of the
circuit is made using a toroid core 0077194A7. For
measurement purposes, an LEM LA55-P current sensor and a
LEM LV25-P voltage sensor are used.

Different I-V curves are programmed into the PV source
simulator to examine the experimental system under different
weather conditions. The characteristic of the programmed PV
module is depicted in Table IV and the I-V curves are depicted
in Fig. 12. For comparison purposes, the IC algorithm is also
implemented to compare its performance with that of the
proposed MPPT techniques. All of the techniques are designed
to operate at a switching frequency equal to 30 KHz, and tested
under different environmental conditions. The algorithms are
tested under abrupt changes in solar irradiation. The solar
radiation changed from 1000 W/m2 to 900 W/m2, and then to

750 W/m2. The result of the IC algorithm is depicted in Fig. 13.

In this experiment the solar radiation changed from 1000
W/m2 to 900 W/m2, and then back to 1000 W/m2. The
incremental conductance algorithm can track the maximum
power. However, as shown in Fig. 13, the algorithm requires
about 0.1 S to reach the steady state. The result of applying the
proposed MPC-MPPT algorithm is depicted in Fig. 14. The
MPC-MPPT algorithm was tested when radiation changed
from 1000 W/m2 to 900 W/m2, and then to 750 W/m2. As can
be seen from the figure, the MPC-MPPT algorithm is able to
track the maximum power with a fast response, since the

TABLE III
CIRCUIT PARAMETERS.
Switching Frequency 30 KHz
L1=12=13=14 2 mH
Sampling time 10 pS
Diode VS-EPU3006-N3
Switch IXTK22N100L
TABLE IV
PV MODULE SPECIFICATION.
Short Circuit Current (A) 4.2
Current at MPP (A) 3
Open Circuit Voltage (V) 25
Voltage at MPP (V) 17.8
5
= 4
£3
£,
1
o
o 5 10 1 20 25
Voltage ?V)
Fig. 12. Programmed PV specifications.
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Fig. 13. Incremental Conductance result with reduction in
Radiation G from 1000 to 900 to 1000 W/m2.

settling time is around 0.02 S. Finally, the results of applying
the predictive hysteresis MPPT are depicted in Fig. 15. The
predictive hysteresis controller was tested when the radiation
changed from 1000 W/m2 to 900 W/m2, and then to 750
W/m2. The predictive hysteresis controller requires only 0.02 S
to reach the steady state and track the maximum power. It can
be concluded from these results that both the MPC and
Hysteresis based MPPT have a fast response and the ability to
track the maximum power point. Meanwhile, the IC algorithm
requires a longer time to reach the steady state, and in case of
severe changes in environmental conditions, it is not able to
track the maximum power.
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Fig. 14. Proposed MPC-MPPT Technique with reduction in
Radiation G from 1000 to 900 to 750 W/m2.
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Fig. 15. Proposed Hysteresis MPPT result with reduction in
radiation G from 1000 to 900 to 750 W/m2.

The second part of the experimental results are established to
compare the proposed SIQBC, SIC, and TBC. Prototypes for
the three topologies are built and tested for comparison
purposes. The three prototypes are built using IXTK22N100Ls,
N channel MOSFETs, VS-EPU3006-N3s, and fast rectifier
diodes. The switching frequency is fixed at 30 KHz. The
efficiency of the three converters is calculated at different
voltage gain points. Fig. 16 is a depiction of the efficiency
versus the voltage gain for the three topologies. At low voltage
gain application the traditional boost converter is the best
choice, since it has the highest efficiency. Unfortunately, in ac
module technology a higher voltage gain is required. That is
why the TBC is not a good solution for these applications. The
proposed SIQBC has the highest efficiency at a high gain. The
proposed converter gives a voltage gain higher than 10 times
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Fig. 16. Measured Efficiency comparison.
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Fig. 17. Quadratic Boost Switched Inductor. (CH1: is the load
current, Ch2: is the input voltage, Ch3: is the load voltage and
Ch4: is the input current).
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Fig. 18. Switched Inductor Converter. (CH1: is the load current,
Ch2: is the input voltage, Ch3: is the load voltage and Ch4: is the
input current).
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Fig. 19. Traditional Boost Converter. (CH1: is the load current,
Ch2: is the input voltage, Ch3: is the load voltage and Ch4: is the
input current).

with improved efficiency. From Fig. 16, the proposed SIQBC
is the best solution for ac module technology applications. The
measured experimental results for the three topologies are
depicted in Fig. 16. As can be seen from the graph, the TBC
has the highest efficiency among the three. Both the SI and
SIQBC have comparative efficiency.

The curve shows that the TBC has the highest efficiency.
However, this happens at a low-voltage gain. For higher
voltage gains, the proposed SIQBC has the highest efficiency.
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A high gain is essential in ac module technology. In the case of
ac module technology, only one PV module is connected. This
means that the available dc voltage is very small. That is why
high-voltage gain converters are necessary. For gain
comparison purposes, the three topologies are tested at an input
voltage equal to 30 V and a duty cycle equal to 0.7. As
depicted in Fig. 17, the proposed SIQBC can produce a 558V
output with only a 30V input voltage at a duty cycle of D=.7.
The obtained gain is higher than 18 times. The target of this
paper is the usage of a lower number of PV modules, which
means low power applications. Fig. 18 is the result of the SIC
at a duty cycle of D=0.7 and an input voltage of 30 V. Under
these conditions the converter produces 140 V. The obtained
gain is higher than 4 times. As depicted in Fig. 19, the TBC is
tested with a 30V input voltage and a duty cycle that has settled
to .7. Under these conditions, the output voltage is about 90 V.
The obtained gain is about 3.

VI. CONCLUSION

This paper presented two MPPT procedures for
photovoltaic applications. The first technique is based on the
model predictive control, and the second technique is based
on the predictive hysteresis control. The two techniques were
implemented using a PE expert C6713 controller and
compared to the IC algorithm. The proposed systems had the
advantages of tracking the maximum power under different
environmental conditions. The algorithms were tested with
abrupt changes in radiation from 1000 to 900, and then to 750
W/m2. The second part of this paper was the development of
a very high gain switched inductor quadratic boost converter.
The proposed converter is one solution for AC module
technology. An experimental comparison between the
proposed converter and other well-known transformerless
topologies was presented. The results showed that the
proposed SIQBC has the highest gain and the highest
efficiency at a high gain.
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