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Abstract  

In the growth of renewable generation system, photovoltaic power generation plays an important 

role in present era. This paper presented an effective hybrid photovoltaic power generation using 

hybrid Cuk-Sepic power converter in integrated form. The space vector based neuro fuzzy 

sensor-less control is presented for brushless DC motor in variable load operation and control. 

Motor drawn supply power from hybrid photovoltaic generation.  A fuzzy logic based MPPT 

scheme is applied for hybrid photovoltaic converter to extract maximum power.  This presented 

configuration is used to an efficient power sharing of two- photovoltaic power generation to meet 

out power demand on load. The system was tested under high load brushless DC motor and 

dump load to verify hybrid power generation capacity. The circuit was tested using 

MATLAB/Simulink software to verify about this control and circuit configuration.  

Index terms:   PV (Photovoltaic system), Two-diode PV system, MPPT (Maximum Power 

Point Tracking), Fuzzy MPPT (Fuzzy based IC), hybrid Cuk-Sepic converter, VSI (Voltage 

Source Inverter), Sensor-Less Vector Control  

I. Introduction  

In fast growing of renewable generation, photovoltaic system is in notable part of power 

generation. The unique merits and reason for choosing a photovoltaic system, pollution free in 

nature, noiseless power generation, low maintenance and etc. multiple power system used for 

power generation for supplying grid power [1]-[5]. A hybrid converter scheme is having merits 

such as continuous power flow, integration of two areas of power generation and high power 

generation [6]. Even it has so many merits but it suffering by component extraction, maintenance 
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requirement, Reverse power flow problem and low efficiency. So modified scheme was 

introduces in hybrid converter circuit to meet out drawbacks of conventional system [7]. This 

modified form of Cuk-Sepic converter is used to sharing of two-generation power in effective 

manner.  

The two diode scheme is implemented in photovoltaic system for increasing efficiency, 

processing of iteration speed and reducing of computation time while comparison with single 

diode based photovoltaic system [8], [9]. The topology is proposed that two diode photovoltaic 

system with having high efficiency, simplified structure and neglecting series/ parallel resistor. 

Photovoltaic performance and  its characteristic is varied by temperature variation, solar 

irradiation and output power so parameters of saturation current 𝐼0 , series resistance 𝑅𝑆 , shunt 

resistance 𝑅𝑆𝐻 , photovoltaic current  𝐼𝑃𝑉  and ideality constant 𝐴 . A maximum power point 

tracking is introduces to extract power from photovoltaic system by varying condition of 

irradiation and temperatures. A fuzzy logic based MPPT (Maximum Power Point Tracking) is 

presented for proposed two-diode photovoltaic system. This is modified form of incremental 

conductance scheme and reached high power extraction over classical MPPT topology.  

This paper is presented the hybrid cuk-sepic photovoltaic converter is applied for low to 

high load BLDC (Brush Less DC) Motor Control. Fuzzy logic based MPPT scheme is used to 

extract maximum power from two-area of photovoltaic power generation using Cuk-Sepic 

converter. Two-diode photovoltaic equivalent circuit is introduces to reduces commutation time 

and efficiency in photovoltaic generation. An aim of hybrid cuk-sepic converter to provide 

continuous power, high efficient power sharing and generate a maximum power to load. 

Brushless DC motor is undergone in various load condition for proposed power generation 

circuit configuration.  A neuro-fuzzy logic based vector control scheme is used to control of 

torque, speed and stator current performance for wide load variation. The system was tested 

using MATLAB/Simulink software to analysis about performances   

Photovoltaic system 
 

Fig. 1 equivalent circuit for two diode photovoltaic system 

𝐼𝑃𝑉  𝐼𝑑1 𝐼𝑑2 
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From the Fig.1, two-diode model the current equation can be represented in equation (1) 

accordingly; 

I = IPV −   exp  
q V+IR S  

NS KT A1
 − 1 − I02  exp  

q V+IR S  

Ns KT A2  
 − 1 −  V + IRS /Rsh                             (1) 

Where 

q - Electron charge (1.6 × 10−19C) 

K - Boltzmann constant (1.38 × 10−23Nm/K) 

T- PV module temperature in Kelvin 

I01  - reverse saturation current of diode 1 

I02  - reverse saturation current of diode 2 

A1 -diode ideality constant of diode 1 

A2 - Diode ideality constant of diode 2 

IPV  - Light generated current of PV module in amperes 

Rs  -series resistance of PV module 

Rsh -parallel resistance of PV module 

Ns  - Number of PV cells connected in series. 

I- PV current (A). 

       A mathematical model of the PV module is constructed by using five parameters, such as 

reverse saturation current ( I0 ), photoelectric current ( IPV  ), series resistance ( Rs  ), shunt 

resistance (Rsh ), and ideality constant (A), are required to be calculated its magnitude of I02   is 

found that nonlinear equations (5) and some of the parameters are assumed arbitrarily, since 

required to reduce the number of unknowns. A two diode model is attempt to reduce 

mathematical computation time and complexity, the proposed model has reduces the series and 

parallel resistances [10] 

I = IPV − I01  exp  
q V 

NS KT A1
 − 1 − I02  exp  

q V 

NS KT A2
 − 1                                                         (2) 
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IPV , I01  , I02  ,  A1  ,  A2  are unknown parameters to be found in pv model respectively. I02  is 

derived from I01  ; however the further unknown parameters are estimated. Those are determined 

from the constructed datasheet, which is obtained below. PV current (IPV  ) can be derived from  

in terms of a short-circuit current  under well standard test conditions (STC) in which the PV cell  

surface irradiation and temperature are 900W/m2 and 300 K by (3), consider variation of 

temperature and irradiation. IPV  Has a linear relationship to irradiation (G) and short-circuit 

current (Isc  ) [11], and which can be follows as 

IPV =  ISC + KIΔT 
G

GSTC
                                                                                                               (3) 

Where ISC  is the short-circuit current under STC, ΔT  is the temperature difference between 

module temperature (T) and the STC temperature, KI is called short-circuit current constant and 

this is preferred from the datasheet, G is surface irradiation, and GSTC is the surface irradiation 

under short-circuit current.  The equation to describe the saturation current is taken by  

I01 =
 Isc +KIΔT 

exp   Voc +Kv ΔT ∗
q

 N s KT A 1 
 −1

                                                                                                    (4) 

Where Kv  is called voltage temperature constant and the value is taken from data sheet, and Voc is 

the open-circuit voltage. it can be describes as equation (5) 

I02 =  
T

2
5

3.77
 I01                                                                                                                              (5) 

Finally find A1, A2 values by using simple and fast iterative method, by following two conditions 

are considered: 

a) open-circuit condition with  Voc  ; 

b)  Maximum power point (MPP) condition with Vm  andIm . 

Under open-circuit condition, V = Voc   , I = Ioc  =0; V = Voc    

0 =  IPV − I01  exp  
q Voc  

NS KT A1
 − 1 − I02  exp  

q Voc  

NS KT A2
 − 1                                                      (6) 

A2 Can be obtained from  A1 , 

A2 =
 qVoc  

NS TKln  
IPV −I01  exp  qV / N S KT A 1T  −1 

I02
+1 

                                                                                   (7) 
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At high voltage condition the single diode equation assumes a constant value for the ideality 

factor. But the two diode estimation of ideality constants A1 and A2 varied based on the iterative 

matching algorithm. The calculated ideality values A1  and A2  for the PV modeling matching 

algorithm is given [12]. The amount of photovoltaic power extraction is drawn from proposed 

two photovoltaic system is obtained by fuzzy logic based MPPT controller. It is a modified form 

of incremental conductance scheme so it can able to control for delivering power continuously.   

 

II. Hybrid Cuk-Sepic converter topology 

The present configuration of hybrid photovoltaic converter is the combined circuit topology of 

cuk-SEPIC Converter which is shown in Fig.1. SPEIC circuit is fed with photovoltaic system1. 

Cuk circuit is fed with photovoltaic system 2. Proposed approach is unique power flow structure 

which Compared with conventional hybrid circuit topology [13].  The enhancement of this 

approach is reduced number of switches by moderate hybrid structure. Inductor  2L  and filter 

capacitor  0C  are used as common elements for both Cuk and SEPIC converters of operation. 

The detailed power flow circuit and explanations are given bellow.   

 

 

Fig.2 Moderate Hybrid Converter Using Cuk-SEPIC 
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Mode 1: 

During initial mode (T0-T1) of proposed circuit is drawn power by conduction of M1 and M2 

switch shown in Fig.3. Charged inductor (L1), (L2) and capacitor (C1) is discharging to filter or 

load capacitor (C0). During time interval in SEPIC circuit, charged inductor (L3), capacitor (C2) 

is drawn power from photovoltaic and delivered to load capacitor (C0). capacitor (C0) is drawn 

maximum power from photovoltaic system 1 and photovoltaic system 2 . 

 

 
Fig. 3 Mode 1 power flow circuit when Both M1 and M2 ON 

Mode 2: 

During second mode (T1-T2) of proposed circuit is drawn power by conduction of M1 and non-

conduction of M2 switch shown in Fig.4. Cuk converter circuit behaves as it is mentioned mode1 

and secondary circuit of SEPIC circuit draws power from PV-2 through (L3), (D3) to load 

capacitor (C0). During this mode, reverse flow of current (Id) and (IC) current is drawn to 
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ground while (D2) is conduct. This moderate circuit is used to drawn power from both 

generations to load. 

 
 

  

Fig.4 Mode 2 Power flow circuit when M1 ON and M2 OFF 

Mode 3: 

 
 

Fig.5 Mode 3 power flow when M1OFF and M2 ON 
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During third mode (T2-T3) of proposed circuit configuration is drawn power by conduction of 

M2 and non-conduction M1 shown in Fig.5. Cuk circuit is draws power form phtovoltaic 

system-1 through (L1) and (C1) to load capacitor (C0) via D1. Secondary circuit of SEPIC 

converter is drawn power from Photovoltaic system 2 through (L3), (C2) to filter capacitor (C0). 

Load drawn power simultaneously at equal time interval. Already charged energy across (C2) is 

also delivering power to load through (M2). The delivering power in circuit is depends on 

amount of generation on photovoltaic side 

Mode 4 

 

Fig.6 Mode 3 power flow when M1OFF and M2 ON 

 

During fourth mode (T3-T4) of proposed circuit configuration is drawn power from both 

photovoltaic generation by non-conduction of M1 and M2 is shown in Fig.6. Photovoltaic 

system-1 generated power in Cuk is passed through inductor circuit across (L1), capacitor (C1) 

and also energy stored across (L2) is delivered in same path of (D1) to (C0).  Photovoltaic power 

generation-2 in SEPIC converter, power passed through (L3) and (C2) to load side filter (C0) and 
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reached ground through diode (D1). At the same time of operation, reverse current (Id) across 

diode (D4) and current (IC) across capacitor (C3) flows to ground.   

The analysis of fours modes of operation is clearly shows that load drawn power from each 

generation (both photovoltaic system-1 and photovoltaic system-2) is obtained regularly and 

effective power generation is entered to load in every modes of operation. This is the unique 

flow circuit over conventional hybrid system. The efficiency of proposed configuration is 

verified for wide load variation and control of brushless DC Motor 

 

III. Control of Brushless DC Motor using Vector control topology 

The presented voltage source inverter controller is generating reference signals by comparing 

with positive sequence of supply voltage with load voltages is shown in Fig.7 Supply voltage 

 𝑉𝑖𝑎 , 𝑉𝑖𝑏 , 𝑉𝑖𝑐  is transformed as  𝑑 − 𝑞 − 0 using transformation method as given by equation (8) 

and (9). 

                   𝑇𝑟𝑎𝑛𝑠 =  2
3 

 
 
 
 
 

1
 2

 1
 2

 1
 2

 

𝑠𝑖𝑛 𝜔𝑡 sin(𝜔𝑡 − 2𝜋
3 ) sin(𝜔𝑡 + 2𝜋

3 )

cos(𝜔𝑡) 𝑐𝑜𝑠(𝜔𝑡 − 2𝜋
3 ) 𝑐𝑜𝑠(𝜔𝑡 + 2𝜋

3 ) 
 
 
 
 

                  (8) 

     𝑇𝑟𝑎𝑛𝑠− =  2
3 

 
 
 
 
 
1

 2
 sin(𝜔𝑡) cos(𝜔𝑡)

1
 2

 sin(𝜔𝑡 − 2𝜋
3 ) cos(𝜔𝑡 − 2𝜋

3 )

1
 2

 𝑠𝑖𝑛(𝜔𝑡 + 2𝜋
3 ) 𝑐𝑜𝑠(𝜔𝑡 + 2𝜋

3 )
 
 
 
 
 

                        (9) 

                                                          

𝑉𝑖0

𝑉𝑖𝑑

𝑉𝑖𝑞

 = 𝑇𝑟𝑎𝑛𝑠  
𝑉𝑖𝑎

𝑉𝑖𝑏

𝑉𝑖𝑐

                                                (10) 
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Fig.7 Proposed controller circuit diagram using neuro-fuzzy vector controller 

A rapid voltage  𝑉𝑖𝑑 , 𝑉𝑖𝑞 is having both oscillation elements 𝑉 𝑖𝑑 , 𝑉 𝑖𝑞 and mean elements 𝑉 𝑖𝑑 , 𝑉 𝑖𝑞  

with respect to unbalancing utility grid supply and harmonics condition. The same rapid voltage 

 𝑉𝑖𝑑 , 𝑉𝑖𝑞  is having negative sequence components and harmonics occurrences on distorted supply 

voltage conditioS_N. Positive sequence is occurs on mean value of elements and zero sequence 

is occur on unbalancing voltage condition. One of rapid voltages 𝑽𝒊𝒅 is consists of mean value 

and oscillation components is given by 

                                                              𝑉𝑖𝑑 = 𝑉 𝑖𝑑 +  𝑉 𝑖𝑑                                                           (11) 

The reference voltages on load side  𝑉𝐿𝑎1𝑏1𝑐1 are calculated is given by  

                                                               

𝑉′𝐿𝑎1

𝑉′𝐿𝑏1

𝑉′𝐿𝑐1

 = 𝑇𝑟𝑎𝑛𝑠−  

𝑉 𝑖0
𝑉 𝑖𝑑
𝑉 𝑖𝑞

                                            (12) 

Inverse transform calculation is applying by mean components across supply voltage and 𝜔𝑡 in 

proposed speed based vector control. Direct axis of positive sequence components voltages is 
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calculated by low pass filters which is presented on controller circuit is shown in Fig.7. In 

equation (10), zero sequence components and negative sequence components becomes zero for 

control and overcoming an unbalancing, distorted and harmonics on system. A sinusoidal pulse 

width modulation is generated by comparing generated reference signals 𝑉′𝐿𝑎1,𝐿𝑏1,𝐿𝑐1 with load 

voltage 𝑉𝐿𝑎1,𝐿𝑏1,𝐿𝑐1.  

Direct axis references current is calculating by comparing reference speed  𝜔𝑟𝑒𝑓   and actual 

speed  𝜔𝑎𝑐𝑡    and given to speed control (neuro fuzzy logic control) to smooth and eliminate 

peak overshoot and gives a controlled direct axis current 𝑖𝑑∗  as an output. The output waveform 

is described by following mechanical equation 

𝑑𝜔 𝑟

𝑑𝑡
=

1

𝑗
 𝑇𝑒 − 𝑇𝑚 − 𝐵𝜔𝑟   

Where,  𝑗 is inertia of motor, B is viscous coefficient, 𝑇𝑚   is a mechanical and 𝑇𝑒  is an electrical 

torque. 

IV. Space vector pulse width modulation 

A simple space vector based pulse width modulation scheme is introduces for controlling IBGT 

on inverter using reference voltage generation is shown in Fig.8 can be represented by switching 

states. Switching states are defined by torque error and flux errors shown in Table-1 and Table-2. 

 

 

 

 

 

Table I. Switching State for proposed inverter configuration 

 

 

state 

Leg A Leg B Leg C 

S1 S4 Van  S3 S6 Vbn  S5 S2 Vcn  

1 on off Vd  on off Vd  on off Vd  

0 off on 0 off on 0 off on 0 

 

Table II. Switching State for proposed inverter configuration 
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Voltage state is derived from α and β reference frame below. 

V   ref = Vα + jVβ =  
2

3
 Va + aVb + a2Vc                                                                                     (18) 

Similarly, 

 V   ref  =  Vα
2 + Vβ

2,  α = tan−1  
Vβ

Vα
  

Vα + jVβ =
2

3
 Va + ej

2π

3 Vb + e−j
2π

3 Vc                                                                               (19) 

Vα + jVβ =
2

3
 Va + cos

2π

3
Vb + Va + cos

2π

3
Vc +       

j
2

3
 sin

2π

3
Vb − sin

2

3
Vc                                                                                                               (20) 

Space vector 
Switching state 

(three phases) 
ON-state switch Definition 

Zero vector V   1 

 1 1 1  S1 , S3 , S5 
0 

 0 0 0  S4 , S6 , S2 

Active vector 
V   2  1 0 0  S1 , S6 , S2 V   1 =

2

3
Vd ej0 

V   3  1 1 0  S1 , S3 , S2 V   1 =
2

3
Vdej

π
3  

V   4  0 1 0  S4 , S3 , S2 
V   1

=
2

3
Vd ej

2π
3  

V   5  0 1 1  S4 , S3 , S5 
V   1

=
2

3
Vd ej

3π
3  

V   6  0 0 1  S4 , S6 , S5 
V   1

=
2

3
Vd ej

4π
3  

V   7  1 0 1  S1 , S6 , S5 
V   1

=
2

3
Vd ej

5π
3  
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Fig. 8. Space vector diagram for two level inverter 

By equating the real and imaginary parts derived by, 

Vα =
2

3
(Va + cos

2π

3
Vb + cos

2π

3
Vc  

Vβ =
2

3
 0Va + sin

2π

3
Vb − sin

2π

3
Vc  

 
Vd

Vq
 =

2

3
  

1 cos
2π

3
cos

2π

3

0 sin
2π

3
sin

2π

3

  .   
Va

Vb

Vc

                                                                                (21) 

The proposal of space vector modulation used to improved brushless DC Motor performances 

such as speed and current via neuro- fuzzy based vector control loop. Space vector modulation is 

interacting with vector control loop which phase lock loop circuit, park transform/park inverse 

transform, speed regulator using neuro fuzzy logic controller.  

V. Simulation result 

The presented scheme of hybrid photovoltaic system is generating in effective manner using 

Cuk-Sepic Converter. Hybrid converter performance is improved by fuzzy logic based MPPT 

scheme. The proposed power generation is applied for brushless DC Motor operation and control 

of brushless dc motor is obtained by space vector based vector control using neuro fuzzy logic 

controller. Brushless DC Motor is undergone for wide load variation test for proposed Hybrid 

photovoltaic converter. The photovoltaic system parameters design is implemented using Table 
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III, parameters of presented system configuration is presented using Table IV and motor 

configuration is used in Table V. 

Table III parameters for Two-Diode photovoltaic system 

Kyocera KC200GT for Two-Diode photovoltaic system 

Parameters Value 

𝐼𝑠𝑐(𝐴) 8.20 

𝑉𝑜𝑐 (𝑉) 32.90 

𝐼𝑚𝑝 (𝐴) 7.61 

𝑉𝑚𝑝 (𝑉) 26.3 

𝐼𝑜1(𝐴) 5.0122× 10−4 

𝐼𝑜2(𝐴) 1.298× 10−5 

𝐼𝑃𝑉(𝐴) 17 

A1 1.7 

A2 2.5 

 

The two-diode photovoltaic system is designed using parameters given in Table III for applying 

voltage source inverter as an input supply via buck-boost converter system. Proposed system is 

designed using parameters given in Table IV and motor parameters used for presented scheme is 

given in Table V.     

Table IV Parameters for proposed system 

Parameters Value 

𝑃𝑉 (V) 200 

𝑀𝑃𝑃𝑇 (V) 600 

𝐼𝑁𝑉(𝑉)𝐴𝐶 600 

Inverter frequency (𝑓) 1kHz 

𝐿𝑜𝑎𝑑 𝑝𝑜𝑤𝑒𝑟 500W 
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L1 128𝜇𝐻 

L2 58𝜇𝐻 

L3 108𝜇𝐻 

C1 755𝜇𝐹 

C2 1808𝜇𝐹 

C3 400𝜇𝐻 

C0 407𝜇𝐻 

Buck-boost converter frequency (𝑓) 25kHz 

 

Table V Parameters for BLDC Motor 

Parameters Value 

Nominal Power (𝑊) 200 

Voltage (𝑉) 600 

Frequency (𝑓) 600 

𝑅𝑠 2.8750Ω 

𝐿𝑠 8.5𝑚Ω 

Rotor flux linkage 0.18Wb 

𝑃𝑃  4 

𝐽 0.0008 𝑘𝑔. 𝑚2 

 

The brushless DC Motor is tested for wide load variation from low to high at 1sec and also 

speed, current and torque performances are obtained in desired level even at load variation. 

Implementation circuit is shown in Fig.9, proposed hybrid converter and motor performances are 

achieved in Fig.10 and Fig.11. 
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Fig.9 simulation implementation circuit for proposed configuration 

 
(a) 

 
(b) 

Fig.10 simulation implementation circuit for proposed configuration 
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(c) 

Fig.11 simulation implementation circuit for proposed configuration 

VI. Conclusion  

The enhancement of this approach provides an efficient power sharing from photovoltaic power 

system using cuk-sepic converter and power generation performance is improved by proposed 

fuzzy logic based MPPT control scheme. The neuro -fuzzy logic based vector control is greatly 

control brushless DC Motor control so that this can capable of speed and torque control for wide 

range of speed application. This paper introduces an efficient power generation and speed-torque 

control of brushless DC Motor using simple space vector modulation based neuro-fuzzy vector 

control scheme. An electromagnetic torque and speed performances is maintained in constant 

even at high load and low load conditions. The simulation implementation was carried out to 

verify the performances of proposed configuration using MATLAB/Simulink software and 

proved their performances in photovoltaic generation and motor performance.  
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