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Abstract — Each commercial and residential buildings energy
management system can be efficiently/ economically realized by
integration of the solar photovoltaics (acting as the renewable
power generator), battery energy storage system (ESS) along with
the power electronic converters. The switched boost converters
are the attractive solutions for the nano-grid applications where
with a single stage operation, voltage boost, storage in battery and
simultaneously inversion to the required AC voltage levels can be
achieved. Here, a novel switched inductor Quasi switched boost
converter is proposed. The proposed converter can operate in
different modes such as multiple inputs and multiple outputs for
the battery storage, PV and the load. The proposed converter
reduces the shoot through requirement and improves the
modulation index by increasing the gain of the DC-DC stage. The
benefits of the proposed converter are: 1) high gain during PV to
BESS mode, 2) high modulation index for the DC-AC stage, 3)
continuous input current, 4) reduced shoot-through time which
reduces the current ripple, 5) high efficiency and 6) increased
reliability. The different operating modes to achieve these benefits
are also presented in this paper. The detailed mathematical
modelling of the proposed converter is carried out.
MATLAB/SIMULINK simulation results which validates the
benefits with proposed converter are given. Experimental results
are obtained by developing a 120W prototype in the laboratory.

Keywords—DC — AC converter, DC — DC converter, Pulse width
modulation (PWM), Photovoltaic (PV), Shoot-through (ST) duty
cycle, Micro-grid, Nano-grid.

L INTRODUCTION

Distributed Generation (DG) is a replacement for centralized
power generation plants. To decrease the degrading effects of
fossil fuels, DGs are being integrated to conventional power
system to meet the energy requirement in islanded as well as grid
connected modes. DGs make exclusive use of solar PV and wind
to exhibit least environmental effect. By making this practice
more popular, carbon dioxide emission can be effectively
decreased in residential and commercial building. Along with
the use of DGs, reliability of RES can be improved by adding
Battery Energy Storage (BES) to RES. With this integration, we
can expect drastic changes in power system structure of both
residential and commercial spaces. An example of this
distributed energy management system (EMS) is nano — grid
(NG). It consists of different energy sources, Energy Storage
Systems (consists of battery and EV) and smart loads. Actually,
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NG is a scaled down form of micro — grid (MQG) rated from watts
to few kilowatts [6]. NG can be either synchronized with the
national grid or operate in isolated mode feeding ac or dc load
[7]. Multiple NGs (forming MG) along with different power
conversion stages along with interfacing gateway is shown in
Fig. 1. This gateway facilitates power flow between MG and
national grid. It is required to connect the NG to utility grid to
effectively operate in an isolated mode, as it can handle the
faults/failures in the conventional grid, in addition to that, it can
also operate even in the absence of national grid [8]. Finally, NG
is compact and closely packed power electronic integrated grid
systems. It controls the power flow between renewable energy
sources, home /commercial appliances and BES with variety of
usage patterns by taking into consideration factors like cost, CO»
release and energy availability [9].

Conventional methods provided low output voltage as
voltage of PV panels is also low and was changing in nature
because of change in solar insolation, dust accumulation and
temperature of PV panels. DC — DC converters (controlled using
MPPT algorithm) are conventionally employed to achieve high
ac output voltage at the inverter output. An improvement over
this is employment of single — stage power conversion-based
systems. Additionally, it also overcome shortcomings like delay
losses and shoot-through (ST). Z Source Inverter (ZSI) was
developed to deal with shoot-through (ST) issue and achieve
single stage power conversion. In order to decrease the size of
capacitors and achieve continuous input current, Quasi Z-Source
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Fig. 1. Structure of National Grid, Micro-grid & Nano-grid
Inverters (qZSI) are introduced. PWM modelling, methods and



controlling techniques of ZS1/qZSI for specific applications are
explained in detail [14-19]. Converter efficiency decreases in
ZS1/qZSI because of usage of bulky and costly 2 inductors and
2 capacitors. Size, weight, conversion efficiency and cost are
important factors of micro inverter application which decreases
the suitability of ZSI/qZSI for renewable energy applications.
For low power applications, Switch Boost Inverter (SBI) was
suggested in [20]. The working principle of ZS1/qZSI is similar
to SBI. Fewer components like only one capacitor and one
inductor are used with additional semiconductor switch and
diode. The modulation technique is depicted in [21]. SBI is
utilized for providing alternating and direct loads of NG as
suggested in [22], adding one more bidirectional converter for
the BES. However, discontinuous PV current is the major
shortcoming. To enhance the continuous input current and boost
factor, current fed SBI [23] is developed. BES stores the
additional PV power available when it is connected across
capacitor and the same is suggested in energy stored qZSI [24].
Discharging of energy stored is possible at the time of direct
operation from BES.

In this paper, for NG applications, a battery embedded
system of quasi - SBC (BES g-SBC) is suggested. Here we can
feed BES, AC and DC loads simultaneously. As per the control
given, it can take power from grid. In this article, efforts have
been made to suggest a modulation method, which has high
modulation index (M) to obtain same output voltage gain. The
PWM technique presented here decreases the voltage stress
across capacitors, diodes, MOSFETS and other components.
Each element design is detailed here and is compared with
traditional PWM techniques of SBI. Computer simulation and
synthesis results verifying the suggested power circuit topology
and related PWM technique are also explained. The remaining
article is arranged as follows: Section II explains the suggested
gSBC for NG application. Section III explains steady state gain
analysis and complete PWM switching models. Comparison
with available techniques and component design are presented
in section IV. Complete simulation and synthesis reports are
shown in section V and conclusions are made in section VI.

II.  PROPOSED SWITCHED INDUCTOR QUAZI SWITCEHD
B0OOST CONVERTER FOR NANO-GRID ARCHITECTURE

Fig. 2(a) depicts the traditional NG system. It contains
several power converter based stages like high gain DC-DC
converter, DC-AC converter (for interfacing with AC load and
grid integration) and bidirectional DC-DC converter (for power
management in BES). Fig 2(b) represents single stage SBI and
associated performances of DC bus formation, load interface
and synchronized conventional grid. It contains different
converter for BES system. Fig. 2(c) shows the suggested NG
architecture. It consists of single stage DC-bus (obtained directly
due to high gain) including BES, AC bus for grid and load. The
suggested circuit has fewer components when compared to
traditional circuits. Fig 3 shows power converter called qSBC
which has two switches (Ss and Se) one inductor, one diode and
DC-bus capacitor interlinked between inverter bridge and PV
source (Vpv). PWM control logic controls the voltage boost and
BES. Complete PWM performance was explained in section III.
Following advantages can be obtained with suggested NG: 1)
Maintaining peak shaving and load levelling the power that can
be supplied to grid and can be stored with the help of BES
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Fig. 3. Suggested Switched inductor gSBC

System. 2) qSBC can supply AC & DC concurrently and is a
single stage power converter. In addition, it can store power in
BES and can supply AC directly even when there is no PV
power thereby reducing overall cost and size of the system. 3)
In comparison to the conventional VSI, qSBC shows better
electromagnetic interference (EMI) since there are no delays in
PWM signals and dead short circuits qSBC systems are
compact, reliable and less protection is needed.

III. DEVELOPED PWM SCHEME FOR THE SL-QSBC

A. PWM scheme for PV supplying BESS and AC load

Fig. 4 depicts the explanation of PWM control of proposed
gSBC converter for NG and BES. Switching frequency
(triangular carrier) with unit amplitude is compared with
constant (ST reference-Green) in order to produce shoot through
pulses (waveform) for Ss and inverter leg. Identically,
comparison is made between sawtooth (amplitude = two) and
modulation signal. To produce switching pulse, OR (logic) is
applied between these two pulses to achieve final switching
pulse for Ss. To decrease switching losses of MOSFET switch,
Seis kept in OFF condition for complete operating mode. Upper
triangular carrier produces switching pulses for S; and S, during
positive half cycle. On the other hand, lower triangle puts S3 and
S4 ON. In a similar way in the negative half of fundamental
cycle, lower triangle will produce switching pulses for switches
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Fig. 5. Operating modes of the proposed converter while delivering
power from PV to the BESS and AC load

S3 & S4. Whereas the upper triangle turns S; OFF and S; ON. For
achieving the shoot through state, logical OR operation is
performed between S; and ST pulse during positive half cycle
and the switches Si, S,, S4 are kept same. This results in decrease
in switching losses of H-Bridge (HB). Only S, is ORed (logic)
with ST pulse and Si, S; and S4 are kept the same, for shoot
through state generation in negative half of fundamental cycle
resulting in reduced switching losses in HB. Conduction time
(ON time) in the suggested PWM method is greater than
traditional SBI and SBC. Simultaneously S;-S4 are modified for
decreasing the switching losses of S;-S4 in comparison with
traditional qZSI logic regular comparison with triangle is

mentioned as shoot through duty when compared with sawtooth
(1-D)/2 will be mentioned represents the proposed PWM
technique of qSBC. Switching frequency carrier (triangle 1
varying from 0 to 1) is compared with constant shoot through
reference (green) to generate shoot through pulses for Ss and
inverter switches. In the same way, sawtooth signal (varying
from 0 to 2) is compared with modulation signal to generate
active switching pulses. Finally, logical OR operation is
performed between these pulses and shoot through pulses to
obtain switching pulses for Ss. Sg is kept OFF throughout this
mode. For positive half cycle operation, S; and S, pulses are
generated by above zero triangular carrier whereas lower
triangles generate for S; and S4. Likewise, for negative half
cycle, switching pulses for S; and S, are generated by below zero
triangle carriers and S; is kept OFF and S; is turned ON. For
obtaining STS, logical operation of S;3 is only performed with
ST pulses. This results in reduced switching losses and thus ON
time here is greater than other conventional circuits. At this
instant, S;-S4 are changed in order to obtain reduced switching
losses in contrast to conventional qZSI logic. Comparison of 1-
D with triangle carrier is terms as shoot through duty whereas
(1-D)/2 is compared with sawtooth signal is deliberated.

B. Detailed Operation of Proposed PWM control

In presented PWM control scheme of SBC three operating
modes are available. All modes with simple figures are depicted
in Fig 5. Duration t to t3 is shoot through state obtained by
turning ON one of the legs of the inverter, HB can be short-
circuited. At the same time Ss is turned ON. This time duration
is defined as DT, where T; is switching time period.

dip, diy,

dv
L =L 2=y, +V.;C—S=-1 1
1 dt 2 dt pv C dt m} ( )

Duration to to t, is non-shoot through state-1. When we turn ON
Ss, inductor charges from PV voltage since the diode conducts
(due to forward bias). AC load will receive power from BES or
capacitor. During HB operation, zero states are applied after
active states. This will continue for period of (1-D)/2. In this
mode,

di di dv
o, 2 Vi € €. —Iac} )
dt dt dt

Non-shoot through state 2 is considered from [t3 to ts]. Active
and zero state is achieved by turning the switch S5 (located in
HB) OFF. As the current flows continuously in inductor. Its
energy is delivered to capacitor output voltage. The time
duration is kept as (1-D)/2 resulting in symmetricity of carriers.
Appling KVL in this mode,

L dip, ‘1, dip, _ va _ VC;Cd"ic =1, _[m} 3)
dt dt dt

The following equation is obtained by the application of
application of basic volt-second balance principle and charge
balance.

3+D 1-3D
Ve = va;lac = Iin “)
1-5D 2(1-D)

The DC-link voltage for the HB and the peak voltage across the
capacitor are equal at the time of non - shoot through states, the
DC link voltage is given by:
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Comparison between voltage gain of suggested qSBC and the
traditional converters (SBI, SBC) are shown in Fig 6. With the
suggested PWM control, improved gain can be achieved with
same ST duty cycle and additional NST states are included in
modulation strategy. Peak voltage across stress improves
drastically across the half — bridge switches. The presented
technique be able to extend to DC — capacitor (link) type for
gSBI circuits [22], which improves the voltage gain. Z source
inverters (ZS1/qZSI) are used to obtain high quality response and
maximum D value is given by D = 1-M. The suggested method
derives boosting factor as follows:
G M G 2M

GO opor eI sv—a |

With the suggested control technique, higher voltage gain can
be obtained for same modulation index.
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C. Battery Energy Storage supplying AC load

As the semiconductor switch S5 is switched OFF, the
connection between the converter and inductor, input PV is
unavailable. During this operation, the Switch S6 is turned ON.
AC load can be powered directly by BES. The proposed
modulation method is explained in Fig. 7. BES delay must be
included in order to avoid dead short circuit in HB switches.
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Fig. 7. Suggested PWM for power flow from BES to AC load

D. Component design
The expression for capacitor voltage ripple and inductor current
under the NTS-2 for the PWM are given by:

(1=D)V,. —Vr) 1-D)I; —1,.)T

.= dc C ;AVC _ ( X L ac) } (8)
2L 2C

The inductor current ripple and capacitor peak to peak voltage

are expressed as:

(1-D)1+3D)*T*V, 1+D)y*I.*T
L- ey =2 T } ©)
L*(1-5D) 4c

When compared to traditional SBC and SBI, the high switching
frequency inductors and capacitor are relatively larger.
Therefore, analysis for double switching frequency components
for the proposed PWM technique is applicable for gSBC. The
inductor and the capacitor currents of low frequency ripple are

expressed as:
4wLMI
’" 2} (10)

16LCa" — (1-5D)

(1-5D)*M *1,

i Vo =

16LCa" — (1-5D)°

When compared to traditional SBI and SBC, the low switching
frequency capacitors and inductors are very small. So the
eventually obtained values are expressed as:

2
(A=D)Y1+3D)*T*Vp, (1-D)1-5D)*T*P,
L> ;C >

an

2
r, %(1—=5D)P, 41 %(3 + DV,

IV. SIMULATION AND EXPERIMENTAL VERIFICATION

To explain the sustainability of nano-grid implementations,
solar powered qSBC interlinked to ac RL load and dc load are
drafted in MATLAB/Simulink. tools and components utilized
for hardware presentation and simulation are represented in
Table-I. PV Ratings are 320W, 36V at MPPT at 1kW/m? and
25°C. To get the input of qSBC of 72V, two panels are
interlinked in series connection. Aapplied excitation voltage is

Table. IT Element specifications for
Recommended/proposed circuit

Components/Parameters | Specifications
L, L 1.6 mH, 15A
C 2000 uF, 400
\%
Dri, Dra, Dy, Dy2, Dy STTH30R04,
400V, 15 A
SIC-MOSFET S;-Ss FDP19N40,
1200 V, 40 A
Switching frequency 50 KHz
Load 120 W
Modulation Index (m) 0.9
Control Board Virtex-5
FPGA
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Flg. 8. Simulation results of the proposed solar powered qSBC converter
powered. At t = 1s, irradiation level is varied from 1000 to 800 W/m’.
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Fig. 9. Component voltage stress in simulation: V. — voltage across the
inductor (Vy,+V4=410V peak), Ss voltage (350V peak), D voltage
(350V peak), S¢ voltage (350V peak).

enhanced to 310V at 1kW/m? (with D = 0.07) and 295V at.
0.8kW/m? operation of MPPT. At the time of operation, dc
voltage bus capacitor consumes power and across it dc resistive
load is connected. In comparison with qSBC supplying ac RL
load the shoot through duty varies.

Steady state response of qSBI at different solar insolations
levels is shown in Fig. 8. Here, MPPT algorithm is used to
generate shoot through duty for boosting operation of input
voltage which is forced by PV panel response along with dc bus
capacitor voltage. PV voltage and PV current are also depicted.
At t = 1s, solar irradiation is varied from 1000 W/m? to 800
kW/m?( temperature is maintained at 25°C). ST duty ratio varies
(from D = 0.07 to 0.05) to follow MPPT point at new value of
solar insolation. MPPT is obtained without any transient
overshoot are depicted in Fig. 9. Decline in solar irradiation is
obtained as there is decline in output voltage and current. the
decline which is obtained in output voltage and current due to
partial shading. This leads to variation in resistive load power.
Voltage stress of switches at different steady conditions are
depicted in Fig. 9(a) and Fig. 9(b). Here, maximum stress
remains equal for all the switches. Purpose of Switch S is to
achieve fault protection on the dc side meanwhile providing
power to ac load during non — sunlight hours. Thus, by using Ss
with suggested PWM improves the suitability and consistency
of system for nano-grid implementations.

For practical verification, hardware prototype rated for
120W is developed. For demonstration of dc output, dc resistor
is connected across capacitor C whereas for demonstration of ac
output voltage, load of 100 Q, 22mH is connected at inverter
output. Carrier signals of 50kHz frequency are generated at
100nS step size with the help of Vertex—5 FPGA. Voltage gain
of 4.4 times is demonstrated by boosting input voltage of 75V to
330V as depicted in Fig. 10. Current of 0.5A (through dc
resistive load) and 0.58A (through ac load) is obtained. Fig.
10(b) and 10(c) depicts zoomed waveforms of positive and
negative halves of fundamental cycle respectively.

Fig. 10(c) depicts amplified version of positive half of
fundamental cycle operation. Here operation of developed
PWM algorithm is listed as: NSTS-1 (V,y charges the inductor),

M bk —

Battery/capacitor Voltage

OVI 355V Peak Inverter Output Voltage

DA

355V Battery/cap acitor Voltage

;Inverter Output Voltage
Aoowpannrey ey

ey it

st it NomsTS2 .
b =N

Non STS-1 8l d
b= STS Output current
— s —v--"-"_'*--\--v-_v_\q—“:; E- L. i‘ s e Al
0A ‘_:fk— __ HB active state
HB Zero stat‘/ B Input current
P e P il ‘i//h\"g"""’"/ il Nl
8A mean] i ii |
J0A B RY B Em
(b)
T E =y
355V N " Battery/capa(:ltor Voltage
Ld - <
I‘Non STS-Li ©f i w._NpnSTS-2
L4 i~ STS
L0A 4 e (LA o HBactive state

355V Peak ';'7(“*‘1: \i i T inverter Output Voltage
0A HB Zero state ¥ _Output current

i g
il
i IHput current
WO B
©
Fig. 10. Hardware results of the proposed PWM technique for qSBI,

(a) Steady state waveform of the system, (b) Zoomed positive cycle
and (c) Zoomed negative cycle.

NSTS-2 (potential of V,-Vg. discharges the inductor), STS
(potential of Vp,+Vg. charges the inductor is charging), AS and
zero output voltage states of the HB. Inductor and capacitor both
operate concurrently for both positive and negative halves of the
fundamental cycle. Maximum voltage across them is 330 V.
Here, STS are inserted between the zero voltage states of the
HB. M =0.75 and Gmax = 7.54 are obtained at shoot through duty
of 0.09 The expression M=1-D is used to achieve optimum
choral profile. 89.3% of peak efficacy is achieved at 120 W.

V. CONCLUSION

In this article, a new Battery Energy Storage embedded
qSBC converter for operation in grid connected or off-grid mode



was presented. Two novel PWM techniques are described for
operation in all the operating modes consisting of power
exchange between PV, single phase AC grid, BES and DC and
AC load for the NG implementations. In comparison to
traditional SBI, SBC and qZSI, the developed PWM techniques
have higher M and achieves the desired output voltage with low
ST duty cycle (D = 0.05 to 0.07). Minimizing of ST duty cycle
is essential as it reduces the stress on passive as well as
semiconductor components. Simulation results validates the
advantages associated with this converter and PWM control for
renewable energy application. In addition to this, condition of
partial shading is also emulated by varying the solar irradiation
from 1 to 0.8 kW/m? during operation. Even during this
perturbation, the system performance is satisfactory. Hardware
results pertaining to circuit performance are also presented.

ACKNOWLEDGMENT

This publication was made possible by QUCG grant #
[CENG-19/20-5] from the Qatar National Research Fund (a
member of Qatar Foundation). The statements made herein are
solely the responsibility of the authors.

REFERENCES

[11 J. M. Guerrero, F. Blaabjerg, T. Zhelev, K. Hemmes, E. Monmasson, S.
Jemei, M. P. Comech, R. Granadina, and J. Frau, “Distributed generation:
toward a new energy paradigm,” [EEE Ind. Electron. Mag., vol. 4, no.
1,pp. 52-64, Mar. 2010.

[2] S. Bacha, D. Picault, B. Burger, 1. Etxeberria-Otadui and J. Martins,
"Photovoltaics in Microgrids: An Overview of Grid Integration and
Energy Management Aspects," in /EEE Industrial Electronics Magazine,
vol. 9, no. 1, pp. 33-46, March 2015.

[3] M. H. Nehrir, W. K. Strunz, H. Aki, R. Ramakumar, J. Bing, Z. Miao,
and Z. Salameh, “A review of hybrid renewable/alternative energy
systems for electric power generation: configurations, control, and
applications,” [EEE Trans. Sustain. Energy, vol. 2, no. 4, pp. 392-403,
Oct. 2011.

[4] A. Igbal, M. S. B. Ranjana, M. Meraj, S. Padmanaban and R. Syed,
"Closed-Loop Control and Boundary for CCM and DCM of Non-Isolated
Inverting Nx Multilevel Boost Converter for High Voltage Step-Up
Applications," in /EEE Transactions on Industrial Electronics.

[5] H. Abu-Rub, M. Malinowski, and K. Al-Haddad, “Power electronics for
renewable energy systems,” in Trans. and Ind. Appli., Hoboken, NJ,
USA: Wiley, Jul. 2014.

[6] S. Javaid, T. Kato and T. Matsuyama, "Power Flow Coloring System
Over a Nanogrid With Fluctuating Power Sources and Loads," in /EEE
Trans. Ind. Inf., vol. 13, no. 6, pp. 3174-3184, Dec. 2017.

[71 G.Manavalan, H. M. Tania, J. K. Patra, M. G. Poongothai and S. Prema,
"A closed loop system to stabilize a 24V solar DC Nano grid," 2017
International Conference on Smart grids, Power and Advanced Control
Engineering (ICSPACE), Bangalore, 2017, pp. 177-182.

[8] P. K. Maroti, S. Padmanaban, J. B. Holm-Nielsen, M. Sagar Bhaskar, M.
Meraj and A. Igbal, "A New Structure of High Voltage Gain SEPIC
Converter for Renewable Energy Applications," in /EEE Access, vol. 7,
pp. 89857-89868, 2019.

[91 A. Riccobono et al., "Next generation automation architecture for DC
smart homes," 2016 IEEE International Energy  Conference
(ENERGYCON), Leuven, 2016, pp. 1-6.

R. Adda, S. Mishra, and A. Joshi, “A PWM control strategy for switched
boost inverter,” in Proc. 3rd IEEE Energy Convers. Congr. Expo.,
Phoenix, AZ, 2011, pp. 4208—4211.

M. Meraj, S. Rahman, A. Igbal and L. Ben-Brahim, "Common Mode
Voltage Reduction in a Single-Phase Quasi Z-Source Inverter for
Transformerless Grid-Connected Solar PV  Applications," in /[EEE

Journal of Emerging and Selected Topics in Power Electronics, vol. 7,
no. 2, pp. 1352-1363, June 2019.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

K. Hada, A. Kumar Sharma, J. Gupta and P. S. Tomar, "Comparative
analysis of isolated and non-isolated quasi impedance source
converters," 2017 International Conference On Smart Technologies For
Smart Nation (SmartTechCon), Bangalore, 2017, pp. 460-464.

J. Anderson and F. Peng, “A class of quasi-Z-source inverters,” in Proc.
Annu. Meet. IEEE Ind. Appl. Soc., 2008, pp. 1-7.

J. Khajesalehi, K. Sheshyekani, M. Hamzeh and E. Afjei, "Maximum
constant boost approach for controlling quasi-Z-source-based interlinking
converters in hybrid AC-DC microgrids," in/ET Generation,
Transmission & Distribution, vol. 10, no. 4, pp. 938-948, 10 3 2016.

N. Sabeur, S. Mekhilef and A. Masaoud, "Extended maximum boost
control scheme based on single-phase modulator for three-phase Z-source
inverter," in [ET Power Electronics, vol. 9, no. 4, pp. 669-679, 30 3 2016.

S. Rahman, M. Meraj, A. Igbal, L. Ben-Brahim, R. Alammari and H. Abu-
Rub, "Failure mode analysis for single-phase Multi-level gZSI interfacing
PV system to utility grid," 2017 11th IEEE International Conference on
Compatibility, Power Electronics and Power Engineering (CPE-
POWERENG), Cadiz, 2017, pp. 504-509.

Y. Liu, B. Ge, H. Abu-Rub and D. Sun, "Comprehensive Modeling of
Single-Phase Quasi-Z-Source Photovoltaic Inverter to Investigate Low-
Frequency Voltage and Current Ripple," in /EEE Trans. Ind. Electron.,
vol. 62, no. 7, pp. 4194-4202, July 2015.

B. Ge, Y. Liu, H. Abu-Rub, and F. Z. Peng, “State-of-charge balancing
control for a battery-energy-stored quasi-Z-source cascaded-multi level
inverter-based photovoltaic power system,” [EEE Trans. Ind. Electron.,
vol. 65, no. 3, pp. 2268-2279, Mar. 2018.

A. A. Abduallah, A. Igbal, M. Meraj, L. Ben-Brahim, R. Alammari and
H. Abu-Rub, "Discontinuous space vector pulse width modulation
techniques for a five-phase quasi Z-source inverter," IJECON 2015 - 41st
Annual Conference of the IEEE Industrial Electronics Society,
Yokohama, 2015, pp. 004205-004210.

A. Ravindranath, S. Mishra, and A. Joshi, “Analysis and PWM control
of switched boost inverter,” IEEE Trans. Ind. Electron., vol. 60, no. 12,
pp- 5593-5602, Dec. 2013.

M. H. B. Nozadian, F. Ebrahimzadeh, E. Babaei and E. S. Asl, "Current-
fed switched Z-source inverters," 2017 14th International Conference on
Electrical Engineering/Electronics, Computer, Telecommunications and
Information Technology (ECTI-CON), Phuket, 2017, pp. 769-772.

M. Nguyen, Y. Lim and S. Park, "A Comparison Between Single-Phase
Quasi-$Z$-Source and Quasi-Switched Boost Inverters," in /EEE Trans.
on Ind. Electron., vol. 62, no. 10, pp. 6336-6344, Oct. 2015.

M. Meraj, A. Igbal, N. Al-emadi, S. Rahman and M. S. Bhaskar, "Novel
PWM Technique for Quasi Switched Boost Converter for the Nano-grid
Applications," 2019 IEEE 28th International Symposium on Industrial
Electronics (ISIE), Vancouver, BC, Canada, 2019, pp. 2659-2664.

A. Ho, T. Chun and H. Kim, "Extended Boost Active-Switched-
Capacitor/Switched-Inductor Quasi-Z-Source Inverters," in /[EEE Trans.
Power Electron, vol. 30, no. 10, pp. 5681-5690, Oct. 2015.

B. Xu and X. Ran, "Sliding Mode Control for Three-Phase Quasi-Z-
Source Inverter," in IEEE Access, vol. 6, pp. 60318-60328, 2018.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


