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Abstract: Mismatched power generation is a serious issue in PV systems, resulting
from unequal power generation between PV components. Solutions have been proposed
to reduce or eliminate the mismatch concern. One practical strategy is individually har-
vesting the maximum power from each PV component, the more distributed MPPT ap-
plied to a finer level, the more power can be obtained. This study proposes three inputs
single output boost converters that are employed to effectively increase PV power gener-
ation and significantly reduce mismatch issues between the PV Sub Module (PV SM). Each
boost converter will be controlled to harvest the maximum power from a group of PV cells
inside a single PV module. The outputs of the three boost converters are connected in
series to provide higher output voltage for grid integration. The cascaded power convert-
ers are linked with a forwarding diode to provide a protection feature for the system and
prevent the reverse current from harming the PV module. On the grid side, a single-phase
Voltage Source Inverter (VSI) is used to convert the DC power from the PV module to
sinusoidal AC power. The performance of the suggested inverter has been confirmed
through experimental tests.

Keywords: photovoltaic (PV); power electronic converter; DC_DC boost converter; grid-connected
system;

1. Introduction

Relying on fossil fuel energy resources can lead to several complicated economic and
environmental issues. Thus, utilizing non-conventional energy resources has become a
focus of many researchers. One main contributing player among renewable energy gen-
erators is solar energy. The photovoltaic (PV) solar panels are sensitive to environmental
conditions, including irradiation and temperature. Other non-environmental concerns
like shading, degradation factors, and PV panel orientation can negatively affect the gen-
erated power from the PV system. As a result, the problem of different PV generators with
different behaviors is connected. This can lead to the PV system following the PV compo-
nent with the lowest power generation [1,2].

In the last decade, the advancement in power electronic technologies has led the
world to redirect the orientation of energy generation to rely on renewable energy
sources. A typical residential grid-tied PV system usually consists of Solar PV modules,
power electronic DC_DC converters, Battery Energy Storage System (BESS), and grid-in-
terfaced DC-AC inverters. Figure 1 illustrates an example of a grid-tied residential PV
system. Filter circuits are commonly used on the grid side to eliminate the harmonics after
the conversion process [3,4]. The generated PV power from PV modules flows through
DC_DC power converters where maximum power is generated. The main objective of the
MPPT controllers is to obtain the maximum power from the PV module and then charge
the BESS or pump up the extra power to the grid [5]. The PV module regularly consists of
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different groups of PV cells and a PV module with three Sub-Modules (SMs) might be the
most common type of PV module. Low-voltage (LV) PV systems can suffer from various
faults that negatively affect the performance of the PV system and reduce power genera-
tion [6]. The mismatch issue between the PV modules is one of the most common faults in
the PV system and Partial Shading (PS) can be the most contributing cause to this concern

[7].
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Figurel. Block diagram of a typical grid-connected residential PV system

The mismatch issues in the PV systems can be categorized into two main groups ac-
cording to the type of mismatch faults [8]. Temporary mismatch faults include faults
whose effect does not continue with time and shading can be the main contributing factor
to these faults. Although the shading effect can be the most common type of temporary
mismatch fault, dust accumulation on PV modules is another serious issue that can ad-
versely affect the amount of gendered power from PV systems [9]. The second type of
mismatch issue is permanent faults where the PV system might continue suffering from
these types of mismatch faults. Commonly the permanent mismatch faults can be related
to the manufacturing process soldering stage and impurities inside the used materials.
However, the PV module's degradation factor can also be considered a permanent mis-
match reason. The permanent faults can reduce the PV system’s efficiency and reduce the
PV system's output power by 10 % [10].

Increased temperature of the PV module can decrease the performance of the PV sys-
tem causing a noticeable reduction in the PV power generation [11]. The temperature var-
iation can lead to variable current-voltage and power voltage curves of the PV modules
[12]. It has been reported in [10] that changing the PV module temperature results in a
noticeable variation in the open circuit voltage of the PV module. Increasing the PV mod-
ule temperature can cause a clear reduction in the open circuit voltage, minimizing the PV
module's output power. Thus, the behavior of the PV modules will vary according to the
operating temperature of each module [13]. The Maximum Power Point (MPP) of the
modules will be different causing a mismatch issue between the PV modules. In the Stand-
ard Test Condition (STC) the temperature of the PV modules is 25 C°, however, in practice,
the operating temperatures of the PV modules are different [14]. The PV modules might
suffer from mismatch issues even if the PV modules have the same internal specifications
and operate under the same conditions except for different operating temperatures.

The PV module performance can be directly proportional to solar irradiance intensity
which determines the power generation from the PV module. The PS results in irregular
solar irradiance profiles which negatively affects the PV system output power [15]. The
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PS might be uniform shading or non-uniform shading. In uniform PS, the shading can 81
cover the whole PV module while in the non-uniform PS type, only a part of the PV mod- 82
ule gets shaded. Both types can result in reducing the power production of the PV module 83
[16]. The shaded part of the PV module behaves differently from the unshaded part. The 84
maximum power of the PV module is determined by the percentage of solar irradiance; 85
thus, a shaded PV module produces lower power compared to an unshaded one. The 86
nature series connection of PV modules leads to the power of the PV system being limited 87
by the PV module with the lowest power generation causing a mismatch fault between 88
PV modules [17]. PS occurs due to several reasons including moving clouds, birds or birds 89
dropping, high buildings, and shading from trees [16]. 90
A part of the PV module can experience a higher temperature creating a hot spot (HS) 91
issue [18]. The HS effect can be a permanent or short-term effect. The PS might cover part 92
of the PV model for a short time leading to an increase in the temperature of the shaded 93
part. Once the PS vanishes, the PV module performs normally. However, in some scenar- 94
ios, the HS might continue to affect the PV module's performance [19]. The defects in the 95
PV module during the manufacturing process result in permanent HS causing mismatch 96
faults between PV cells inside the PV module. This issue can be avoided by a proper mon- 97
itoring system that can lead to obtaining high-quality PV modules [20]. The generated 98
power from faulty PV cells can be less than normal operating PV cells which can produce 99
power dissipation in the form of heat. Normal operating PV cells can generate more power 100
compared to faulty PV cell which produces sink power instead of generating energy. Then 101
the power will be dissipated in the form of a head. The associated losses due to this fault 102
in the PV module can be more than 5 % [21]. 103
The mismatch problem between the PV modules is one of the main contributing fac- 104
tors to the losses in PV systems [22]. The series connection of the PV modules is essential 105
for most PV applications to obtain the high voltage output requirement at the grid side. 106
However, it can lead to some issues in terms of performance and power quality of the PV~ 107
systems. The unequal irradiance profiles are common in most PV system projects which 108
can result in a significant reduction in the PV power production. The behavior of the PV 109
module is usually based on the solar irradiation profiles. Thus, a PV module with a low 110
irradiance level can generate less power compared to a PV module with a high irradiance 111
profile. The nature series connection of the PV modules can lead the PV system to follow 112
the PV module with the lowest power generation causing a significant power loss to the 113
PV system [23]. 114
The mismatch problems between PV modules can cause severe issues to the PV sys- 115
tem including HS and reduced power generation, however, bypassing methods are effec- 116
tively mitigating these concerns. Under the mismatch scenarios, the faulty PV module can 117
generate some power but it becomes useless using the bypassing approaches since by- 118
passing strategies aim to isolate the faulty PV module from the PV system during mis- 119
match [24]. Thus, distributed power electronic methods are proposed to enable the utili- 120
zation of the maximum available power from PV systems when systems suffer from PS 121
[25]. Its main objective is to distribute the MPPT technique to a finer level enabling indi- 122
vidual harvesting of the maximum available power from each PV module [26]. Employing 123
Distributed MPPT (DMPPT) not only mitigates the associated problems of mismatch is- 124
sues but can lead to utilizing the power from the shaded PV module. 125
This paper proposes a three-input single-output micro inverter to mitigate the mis- 126
match issue inside a single PV module. The power generated from a PV cell is relatively 127
low, thus it cannot be practical to obtain the maximum power from each PV cell. There- 128
fore, obtaining the maximum power from a group of PV cells might be more effective. The = 129
PV module is usually divided into groups of cells forming SM, and capturing the maxi- 130
mum power from each group can increase the power generation from the PV system. A 131
cascaded boost power electronic converters can be a viable solution to overcome the mis- 132
match problem between the PV SMs. Though the cascaded boost converters might need 133
more passive components, they can improve the power system performance and 134
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significantly maximize PV module energy harvesting. The suggested topology aims to 135
harvest the maximum available power from a group of PV cells inside a single PV module. 136
Most PV modules are divided into three SMs thus the proposed topology aims to effec- 137
tively harvest the maximum available power from the three PV cell groups of the PV mod- 138
ule. 139

The rest of the paper is structured as follows: The proposed three-input single-output 140
micro inverter topology is presented in section 2. The State Space modeling, passive com- 141
ponents selection, and controller design are provided in section 3. The experimental vali- 142
dation and final discussion are demonstrated in section 4 and section 5 respectively. The 143
final section summarizes the conclusion of this study. 144

2. Proposed Distributed Three Inputs Single Output Structure: 145

The PV module commonly has three SMs, which are integrated with a bypass diode 146
to protect the PV module from HS. The shaded SM will be isolated resulting in the loss of =~ 147
the generated power from the shaded SM. Therefore, replacing the conventional bypass 148
diode with the proper power electronic converter can lead to utilizing the power from the 149
defective SM. The PV module commonly has three PV cell groups, obtaining the maxi- 150
mum available power from each PV cell group can mitigate the mismatch concerns be- 151
tween PV cell groups inside an individual PV module. This paper proposed a new topol- 152
ogy to reduce the problem of mismatch between PV SMs inside a single PV module. Fig- 153
ure 2 shows the proposed cascaded boost converters used for employing the DMPPT at 154
the PV SM level. The output voltage of the PV SM can be relatively low and the boost 155
converter has a limited boosting range for voltage output, therefore the output of the three 156
boost converters cascaded to enhance the boosting-up capability of the proposed topol- 157
ogy. The cascaded topology is linked to the utility grid via a forwarding diode to protect 158
the PV side from reverse currents during a faulty system. A DC link capacitor is employed 159
between the PV side and grid side to provide a decoupling function and mitigate the Total 160
Harmonic Distortion (THD) effect. A Voltage Source Inverter (VSI) is used at the grid side 161
to convert the PV DC power to AC power at the utility grid [27]. 162
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Figure2. The proposed topology to apply the DMPPT at the PV SM level inside an individual PV module

The nature of PV power is changeable due to different climate conditions which can 163
change the PV sub-system's power generation. The PS is a continuous challenge in PV 164
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systems because it results in a massive reduction in power production and can lead to
unavoidable drops in the output voltage. One of the most proper methods to reduce the
negative impact of unbalanced power generation caused by different irradiation levels on
the PV system is based on dividing the entire PV system into sub-systems. It would be
ideal if each PV cell could be handled individually, however, that can result in a significant
increase in the installation cost and it will require a complicated controlling system. There-
fore, extracting the maximum power from a group of PV cells can be more practical. The
PV cells are commonly grouped into three or four groups inside a single PV module and
each group of PV cells is integrated with a bypass diode to reduce the impact of partial
shading. The bypass diode will allow the current to flow through it resulting in the loss
of the power generated from a shaded group of PV cells. The main objective of the sug-
gested topology is to utilize the power from the affected group by individually harvesting
the maximum power from the PV SM.

3. State Space Analysis of Proposed Converter to Desing System Controllers

Modeling by averaging [28] is a common effective method to model the switched
power converters in power electronics. It aims to average the model over one switching
cycle to overcome the nature of switching power converters. Power electronic systems are
commonly nonlinear and module nonlinear systems can be a complicated process, thus
linearizing these types of systems around one operating point can solve the nonlinearity
issue. After obtaining the linearized module, the system state variables are perturbed by
small values to obtain the small signal module. This module is usually effective and can
mimic the actual module's dynamic behavior. The derived small signal module of the
boost converter using this strategy is illustrated as follows:

During ON state:
X = AonX + BonVin @
Vo = ConX 2)

During OFF state:
X = AorrX + BoprVin @3)
Vo = CorrX (4)

After getting the state space equations of the boost converter the ON and off states
matrices become as follows:

ON state
0 0 1
Aov =g _L Boy = |L1| , and Cyy = [0 1]X
RC 0
OFF state
0 7 1
Aorr = |4 1| Bopr = [L] and Corr = [0 1]X
¢ ke 0

Where X = [il vc]
The following equations are used to get the averaged model:

X =[AonD + Aorr(1 — D)]X + [BonD + Bopp(1 — D)]Viy )
Vo = [Con D + Copr(1 — D)X (6)
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Averaged model: 207
0 (>-1) 1
Aw=|p " | By = H and C,y = [0 1]X 208
< Tk 0
To calculate the steady state values IL and Vo the equation below can be used: 209
5§ = _inv(AAv) * BAV * VIN (7) 210
A small perturbance is applied to the State Variable to get the small signal module 211
where ~ represents the small perturbation to the variables: 212
213
0 —-(1-D-d")
IL+il™ ] _ B L1 IL+il" 7, |— .
Ve + vc~] “|la-D-d) . Ve + w~] + L01 Vin + vin~] 214
3 IL +il~
[Vo +vo~] = [0 1] [VC + vc~] 215
-(1-D d~
0o = L1 : O |y, i
X" = (1-D) . g~ [[VC] + [vc~ ] 216
C C
0 -(1-D) 1 Vo
- L1 i1, L L |[Vin
X" =la-p o] + ;L ] 217
C1 C
218
After calculating the new A and B matrices, the transfer function can be obtained 219
using the following equation: 220
221
TF = C,y *inv(s * eye(3) — Auy) * B 8) 222
VoRDggr —LRILs
TF = o . 9) 223
CLRs?+ Ls + RDggp
3.1 Passive Component Selection 224

The proposed topology employs the boost converter since the output voltage of the 225
PV SM is relatively low. In such a converter the output voltage will be higher than the 226
voltage at the MPP. The input voltage from the PV SM might be obtained under the max- 227
imum irradiation level condition. Each PV SM is assumed to operate at the maximum 228
available power thus the PV SM voltage will be represented by Vypp. According to the 229
steady-state analysis, the duty ratio at the output voltage of each Sub-Module might be 230
expressed as follows: 231

VMPP,
§=1-—"24 (10) 232
Vosy

Where 0 is the duty cycle, Vosy, the output voltage of each boost converter VMPPg,, 233
is the corresponding voltage at MPP. 234

The input inductor value of the boost converter can determine the input current rip- 235
ples. Obtaining the right value for the inductor of the boost converter can be calculated 236
during the rising state when the boost converter’s switch is turned on. Under the assump- 237
tion of constant input current from the PV SM, the capacitor current will be expressed by 238
subtracting the PV SM input current from the boost converter inductor current. The 239
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waveform of the inductor current of the boost converter is assumed to be triangular thus, 240
the capacitor current will have the antiphase triangular waveform. Integrating the trian- 241
gular area can equal the amount of charge stored in the capacitor. Figure 3 illustrates both 242
the circuit and current waveforms of the PV SM boost converter. In a grid-tied inverter, 243
the DCsus capacitor value is selected according to the input and output power to buffer 244
the 2nd-order harmonic distortion of the proposed structure, current-based derivationcan 245
be used to obtain the most proper value for DCsus capacitor. Proper selection of capacitor 246
value can maintain pure DC power from the PV input and sinusoidal waveform current 247
at the grid side. In the same concept, the DCsus capacitor value can be selected with the 248
assumption that a pure DC flows from cascaded boost converters. The grid current wave- 249
form shape is sinusoidal which means the current flowing through the capacitor will be 250
the same as the grid current, however, the capacitor current sign will be reversed in direc- 251
tion. 252

*

Figure3. The circuit and current waveforms of PV SM.

The parameter of the proposed boost converters will be selected according to Contin- 253

uous Conduction Mood (CCM) as follows: 254
di _
L=>= Vuppsu (11) 255
|, = TonVmppsm (12) 256
i
Coy Ay = = (L Tow 13) 257
= —(— % —
by AVpy =5 (55 (13)
A
Cpy = m (14) 258

The design of the proposed three-input single-output power electronic converter can 259
be expressed by calculating the output voltage of the common DC bus. The three output 260
voltages of the cascaded boost converters are added to express the output voltage at the 261

DC bus where n is the number of PV SM. 262
v
Vous = Lo (15) 263
PV SMy
3.2. Open Loop Analysis and System Dynamic Investigation 264

After obtaining the transfer function of the boost converter, the values of L, Crv, and 265
Csus are calculated according to the CCM and with the assumption the system has bal- 266
anced energy operation, the values of the system are illustrated in Table 1. The obtained 267
small signal averaged module of the boost converter shows two poles and nun negative 268
zero. In order for the system to achieve internal absolute stability the two poles have tobe 269
on the left-hand side of the s-plan. The non-negative zero can result in a reduction in the 270
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phase margin and cause undershoot during transient time, however, zero cancelation can 271
negatively affect the overall stability of the system.

Magnitude (dB)

-40
360

315

270

Phase (deg)
N
N
(&)}

135

90

Table 1. The Proposed System Values

Parameter Value
V_MPP 12V
I MPP 7A

L 24mH
C_PV 47 uF
RL 10Q
fs 5 kHz

—1737542.29%10°
524 7092s + 9.351%10%

TF =

Bode Editor for LoopTransfer_C

T

G.M.: 2.45dB
L Freq: 2.62e+03 rad/s
Stable loop

P.M.: 41 deg
| Freq: 1.85e+03 rad/s

= L S S T o | L S S T | L T T T o |

10" 102 103 10* 10°

Figure 4. The Bode plot of the system shows the open loop frequency response of the system

Frequency (rad/s)

272

273

(11) 274
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Thus, the most proper method to minimize the effect of the non-negative zero is try- 276
ing to make it faster by locating it far from the origin (0,0) since faster zeros are less harm- 277
ful than slower ones. Figure 4 shows the Bode plot of the boost converter without control- 278
lers, the frequency response illustrates that the system is stable and both gain margin and 279
phase margin are positive numbers. However, the systems seem critically stable since the 280
gain margin is close to the negative region. The step response of the boost converter is 281
illustrated in Figure 5 which shows a noticeable undershoot during transient time which 282
results from the non-negative zero of the boost converter transfer function. A proper con- 283
troller should be selected to overcome this issue and shift the system to a stable region. 284

Step Response
04 T T T T

0.3

o
[N

Amplitude
S

0.2 1 I 1 1 1 1
0 1 2 3 4 5 6 7

Time (seconds) %1073

Figure 5. The step response plot shows the behavior of the system without the controller

3.3. Closed Loop Analysis and Design of the Controller for Proposed Structure 285

The obtained open loop system has two complex poles at -261 rad/sec and one posi- 286
tive zero at 1610 rad/sec. From control theory, the system stability is directly related to the 287
pole position of the system. Enhancing the system stability is usually related to the capa- 288
bility of the controller to shift the poles to the left-hand side. The positive zeros usually do 289
not lead to total loss of the stability of the system; however, they can pose serious issues 290
like large undershoot and minimizing the phase margin of the system. A common strategy = 291
to minimize the negative effect of the positive zeros on the systems is trying to make the 292
zeros fast. Fast zeros are the zeros that are located far from the origin (0,0). The fast zeros 293
have less negative effects compared with slow ones. The SISO tool in SIMULINK/ 294
MATLAB has been used to obtain and tune the parameters of the controller of the pro- 295
posed system. Figure 6 illustrates that the compensator improves the system stability and 296
gives better performance by shifting the system's poles to the stable side LHS. 297
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Pole-Zero Map
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Figure 6. The Pole-Zero Map illustrates the shifted poles of the system after the controlling action

The Proportional Integral Derivative (PID) controller is one of the most commonly
used controllers for power electronic converters and it has been used for the input side of
the proposed structure. The proposed controller will determine the current at the maxi-
mum power point at a specific temperature and irradiation level. This current is obtained
as a reference current for the controller which will be compared to the actual inductor
current of the boost converter. The error between the two current values of each boost
converter will be controlled by a PID controller. The purpose of the controlling process is
to keep the input current from the PV submodule flat DC with minimal ripples which can
lead to a more accurate tracking process.

PV Sub-Module boost converter

L1

— IOV >

PV SM
I
11
(@)
e}
=

Vpv

MPPT

PID ——|  PWM

Ipv Impp —_— >

Figure 7. The SM input current compensator for the boost-based micro converter
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The proposed closed-loop input current controller at the PV sub-module is shownin 307
Figure 7. Ivrr drives the subsystem input controller at the submodule level. The compen- 308
sator aims to regulate the DC from the input current and mitigate the negative effect of 309
2nd harmonics of grid frequency. Eliminating or reducing the 2nd harmonics distortion 310
from the PV side can improve the performance of the maximum power point tracking 311
algorithm and improve the PV system efficiency. The MPP tracking system calculates the 312
Imrr of the sub-module according to the irradiation level and temperature, this currentis 313
used as a reference input of the compensator then it will be compared to the actual input 314
current of the boost converter to perform the controlling process. 315

Usually controlling the alternating current is based on converting the alternating cur- 316
rent to constant values then performing a controlling process by conventional PID con- 317
troller and converting it back to controlled alternating signals. This strategy has been used 318
for years and it can be appropriate for several applications, however, it requires several 319
design stages which might affect the performance of the controlling process. The Propor- 320
tional Resonant (PR) controller has been used in several applications to control alternating 321
signals and its validity has been proven. The PR controller is used in this study to control 322
the grid current to maintain a sinusoidal current waveform at the grid side. The control- 323
ling strategy used in this study is based on sensing the grid current and comparing it with 324
the desired value to calculate the error between the two signals. This will pass throw the 325
PR controller which performs the control process and tracks the sinusoidal referenced grid 326
signal. The block diagram of the controller for the proposed topology is illustrated in Fig- 327
ure 8. 328

PV Sub-Module Grid side controller

—— Cas

11
— B SHE "T Grid |
InillIny

_.><_. PR — PWM |
e

1 grid

AN I grid S

Figure 8. The block diagram of the grid current controller for the proposed microinverter

4. Experimental Results 329

The experimental setup for obtaining the maximum available power from the three 330
SMs inside an individual PV module is shown in Figure 9. Each PVSM is rated at 250 W, 331
thus the maximum available power from a PV module is rated at 750 W. The system is = 332
controlled by the Texas Instrument Digital Signal Processor (TMS320F28335) which is 333
used to control the gate signals for the three boost converters at the input side. DC power 334
supplies are used to mimic the PVSM. The PV module output is linked to the utility grid 335
through an autotransformer which steps down the grid voltage from 240V to 100V. The 336
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three PV SMs are connected to three separate DC power sources mimicking the PV mod- 337
ule. The output DC power from the PV module is inverted to a Low Voltage AC grid (LV 338

AC) to examine the validity of the proposed topology. 339
340
DC sources Monitoring
3 l T—
Giaaibai,

TIDSP

Boost DC/AC
converters inverter

Figure 9. Experimental setup of the proposed three input single output microinverter

The experimental results of the suggested topology for employing the DMPPT at the 341
PVSM level are shown in Figure 10. Figure 10 (a) shows the total input power of the sys- 342
tem. Figure 10 (b) shows the output voltage and current when the power is injected into 343
the grid through the autotransformer at unity power factor. Figure 10 (c) shows the DC- 344
link voltage between the PV SMs and the DC/AC inverter. Finally, Figure 10 (d) shows 345

the input currents of the PV SMs. 346
347
348

10 ms/div — 500 W/div 10 ms/div - 50 V/div = 20A/div

(a) (b)
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10 ms/div — 10 ms/div —
(0) (d)

Figure 10. Experimental results of the proposed microinverter. (a) Total output power of the system ;(b)
The grid voltage and current; (c) dc-link voltage, and (d) SMs input current.

The stability of the proposed system is examined by suddenly dropping the output
power of the system by 50%. Figure 11 shows the response of the grid current to variation
in the output power, resulting in a decrease in its maximum value. Also, the input current
of the three SMs is dropped as a result of decreasing the output power of the system.

ANAT A TNEN
N M MY

10 ms/div - 10 ms/div - - 20A/div
(a) (b)

\
o \

L 4

10 ms/div - 10 ms/div -
(0) (d)

Figure 11. Experimental results of the proposed microinverter with a 50% drop in the output power. (a)
Total output power of the system ;(b) The grid voltage and current; (c) dc-link voltage, and (d) SMs
input current.
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5. Discussion 355

The PS and mismatching concerns can result in a great reduction in the power gen- 356
eration of an individual PV module. These issues are unavoidable in most scenarios and 357
can affect the performance of the PV system. It has been proven that distributing the MPPT 358
system can achieve higher power generation and mitigate the problem of mismatch. The 359
output voltage of a single PV cell is relatively small and cascading several PV cells is re- 360
quired to obtain higher output voltage. This strategy can solve the low voltage problem 361
of a PV cell; however, under the PS effect, the power generation of the PV system is re- 362
duced. 363

The series connection of PV cells results in different power generation under the ex- 364
istence of the PS problem. Obtaining the power generation from each PV cell needs a com- 365
plex control system and maximizes the system cost. Three or four strings of PV cells are 366
commonly connected forming a PV module. The conventional method to tackle the mis- 367
match issue between the solar cell strings is to integrate a bypass diode with each PV cell 368
string. The result is isolating the shaded PV cell string from the system and allowing the 369
PV module current to pass through the bypass diode. Isolating a part from a PV module 370
means, the generated power from isolated solar cell string is lost. Figure 12 illustrates how 371
the proposed distributed power converter can contribute to maximizing the PV module 372
power generation. 373

The presented structure aims to harvest the power from the shaded part of the PV 374
module instead of isolating it from the PV module by employing a power electronic boost 375
converter with each SM. The purpose of the boost converter is to obtain the maximum 376
available power from each PV cell group. Boost converter has been chosen due to its ca- 377
pability to step up the low voltage at the PV SM side. Although the boost converter is 378
designed to boost the input side voltage to a higher voltage at the output side, its boosting 379
capability is limited to a specific output range. The output voltage of boost converters is 380
connected in series to meet voltage requirements at the utility grid. Also, the proposed 381
topology is designed to harvest the maximum power from the PV side with DC to AC 382

inverting capability. 383
384
385
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Figure 12. The output power of a single PV module (a) Conventional (b) Proposed.
6. Conclusion 386

The proposed micro-inverter, which is based on linking three inputs DC-DC boost 387
converters with single output VSI is demonstrated in this paper. The proposed PV system 388
structure is designed to reduce mismatch concerns between PV SMs inside a single PV~ 389
module. Employing the suggested topology which aims to connect a boost converter with 390
each PV SM, enables harvesting the maximum available power from individual group of 391
PV cells inside a PV module. The suggested low-voltage microinverter has a series input 392
connection, thus the large step-up voltage ratio is not required. The paper uses two con- 393
trolling systems. One is for regulating the grid side current to meet the distribution net- 394
work requirements. The second controller is responsible for minimizing the ripples from 395
the input current at the PV side which can maximize the energy harvesting and improve 39
the MPP tracking system performance. The validity of the proposed microinverter archi- 397
tecture is investigated by both simulation and experimental tests. The experimental re- 398
sults have illustrated the capability of the suggested topology to obtain the maximum 399
available power from the PV SMs inside a single PV module during both normal condi- 400

tions and under a mismatch effect. 401
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