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Abstract—The integration of renewable energy sources is
challenging now-a-days because of intermittent nature of solar
radiation. Particularly in hybrid renewable energy system, it is
required to incorporate an intelligent control algorithm to
optimize the time duration at transient condition and also
ensures the stable operation. This paper is aimed at integrating
hybrid renewable energy system includes partial shaded solar
photovoltaic system and Proton Exchange Membrane Fuel Cell
(PEMFC) at constant temperature to supply the stand-alone
DC load. Due to the dynamic DC source, an Energy
Management System (EMS) is used to get the stable output.
The system includes interleaving soft switching boost
converters (SSBC’s) is controlled by combined Slide Mode
Controller with trained Artificial Neuro Fuzzy System (SMC-
ANFIS). The proposed Hybrid system is modeled and
simulated using MATLAB Simulink platform. The tested
parameters are obtained in terms of voltage, current, power,
speed, and torque. The simulated result of proposed system
with SMC-ANFIS-EMS is compared with conventional SMC-
EMS and SMC-ANN-EMS to obtain optimal output. From the
performance analysis, the SMC-ANFIS-EMS provides better
output and control.

Index Terms—performance analysis, hybrid system, power
management, photo voltaic, fuel cell.

I. INTRODUCTION

In recent years, due to increased population, the demand
for electricity seems to be increasing across the globe. On
the other side, the availability of fossil fuels is reducing, and
usage of conventional sources leads to create adverse
environmental impacts. To compensate energy demand and
maintain pollution free environment, the need for alternative
energy resources is becoming essential. The solar energy,
fuel cell and wind are the cheapest renewable energy
sources that can be easily converted into electrical energy.
Solar power can be extracted only during shiny time of day,
probably it holds up to eight hours of daytime. A well-
designed Energy storage system can help electrical grid to
provide good balance between sources and load during
dynamic condition. The solar energy can be easily convert
into electricity and also the PEMFC plays significant role in
power generation. However, the solar resource always in
dynamic and hence the storage system is provided with solar
PV system for stable operation. The hybrid model of PV and
PEMFC standalone system can be utilized in remote areas
where difficult to provide electricity. The solar PV has the
advantage of long life time and pollution free power
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generation [1-4]. The integration of various renewable
resources such as PV, wind, diesel for small distribution
system and its feasibility are analysed. The small scale
distribution system has the advantage of less transmission
loss, increased reliability and better control. Based on the
analysis, an optimum configuration is needed for the
intermittent service and also addition of batteries and FC’s
to dynamic renewable resources will improve the reliability
of the stand-alone-system [5-7]. The renewable energy
(REs) is efficiently interfaced with low-voltage DC
microgrid. The introduction of bipolarity in DC microgrid
will increase the reliability of the network. The energy
storage system is always associated with hybrid REs
because of its uncertainties. The storage system may
increase the total cost microgrid, also need of optimal sizing
and siting of REs which will increase the complexity in
optimization. A study on PV integrated with Fuel Cell is
carried out instead of batteries as back up source. An
optimal PV and FC based microgrid is investigated with
considering reliability and economic costs under the
limitations of system operation [8-13]. In a hybrid
renewable energy system, an effective control algorithm has
to be developed to optimize the system. An intelligent fuzzy
logic controller regulates the DC grid voltage with quick
response and improves stabilization problems in the power
system. Model predictive controls (MPC) optimize the
resource scheduling, minimize the operating cost and energy
storage system degradation. The islanded micro grid with
MPC and fuzzy based EMS are investigated. The
effectiveness of the microgrid power system can be
improved by a suitable energy management schemes [14-
16]. A strategy is required for hybrid power system to
manage the power fluctuations among the sources and load
power. The Power Management Strategy (PMS) manage the
sources effectively and also improves life cycle of
chargeable storage equipment. A Particle Swarm
Optimization (PSO) algorithm is implemented for an
islanded PV model to reduce the variation in power and
frequency level [17-20]. The Maximum Power Point
Tracking (MPPT) methods can improve the performance of
hybrid system. An intelligent method developed for MPP
tracking based on adaptive neuro fuzzy inference system.
During transient conditions, there is a variation in power and
frequency in islanded mode. A fuzzy controlled energy
management unit (EMU) is designed with an effective
control strategy to integrate with utility grid [21-25].
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From the detailed analysis of literature, there is a need to
control the power flow among the sources and load for
Hybrid Renewable Energy stand alone system. Many
literatures are analysed with different control algorithm such
as MPPT, ANN, Fuzzy, MPO etc., Hence an intelligent
control algorithm is required with hybrid system to manage
the power fluctuations during the switching of the renewable
sources. The EMS should optimize the time duration at
transient condition and provide uninterrupted power supply
to the load.

II. PROPOSED METHODOLOGY

The proposed system consists of partially shaded photo
voltaic (PV) array and Fuel cell (FC) system as shown in
Fig. 1. The Renewable source is link with DC bus through
DC interleaved boost converter (ISSBC) and supplies power
to PMDC motor.

In this work, SMC-ANFIS-EMS is modelled with partial
shaded PV and fuel cell hybrid standalone system under
MATLAB Simulink environment.

' ™

PMDC
Motor

\ Energy Management system

Figure 1. System configuration

III. SYSTEM MODELING

A. Photo Voltaic Array

The DC-DC conversion of the PV system has two panels
connected in series. It is rated for Power of 315 W with
operating voltage of 37.28 V, current of 8.45 A at standard
test condition. Each PV cell is modelled with a single-diode,
connected with series and shunt resistance whose equivalent
circuit is shown in Fig. 2.

[
Rs+

IIICTD Y gRsh Vpv

Figure 2. Equivalent circuit

The power ratings of SPV panel are taken from PV
module manufacture datasheet, which is shown in Table I.
The PV model is implemented in MATLAB Simulink tool
by using the basic circuit equation (1)
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TABLEI. PV PARAMETERS
Parameters Values
Panel Short-Circuit Current (Isc) 8.95
Panel Open-Circuit Voltage(Voc) 45.22
Maximum Current (I,) 8.45
Maximum Voltage (Vi) 37.28
Maximum Power(P ) 315
Number of series cells 10

The Table I shows the modelled panel specifications. The
maximum voltage at no-load (V,.) is about 45.22 V and
Short-circuit current (Iy) is 8.95 A. The PV parameters are
expressed as Solar irradiation (%) (W/m?), charge quantity
(q), Diode ideality factor (A;), Boltzmann’s constant (k),
Light energy conversion from current (I,,), short-circuit
current (Iy), saturation current (I,), Reverse saturation
current (Is) and PV current (I,,,).

The power is extracted from the panel when operating at
Standard Testing Conditions parameters of panel insolation
of 1000 W/m? at temperature 25 °C.

The obtained I-V and P-V characteristics curves from
simulation are shown in the Fig. 3. The curves obtained are
exactly match with the experimental datasheet. Fig. 3 shows
the different insolation (1000 W/m?, 500 W/m® and 100
W/m?) characteristics of the 315 kW of the PV system.
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Figure 3. (a) I-V, (b) P-V characteristics

B. Shaded PV System Model

Partial shading of solar PV results is also tested for
different radiations. The equation (2) and (3) is given by the
partially shaded model of a PV module with N series cells.

The PV array cells connected to the series and parallel
configuration based on rated load power. In the partially
shading condition more power draw and create junction
temperature at that duration lead to create a hotpot in PV
modules.

In order to avoid hotpot problem to insert bypass diode
across PV module but bypass diode leads to multiple peaks
means local maxima in PV panel characteristics. In this
condition to find the global peak (GP) from many local
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peaks is a real challenge for extract maximum power
intelligence PMS method.
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The developed simulation model series connected two
partial shaded PV panel I-V and P-V characteristics shown
in the Fig. 4. From observation of the Fig. 4 gives the
inflexion point ‘I’ is the intersection of the P-V
characteristic of P-V response of shaded photovoltaic
generation.
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Figure 4. P-V and I-V characteristics PV panel
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C. Fuel Cell (FC)

The FC power is converted to the appropriate voltage by
the ISSBC conversion system using the electrolyze process;
it splits the water into hydrogen and oxygen. The hydrogen
is a fuel, so it is stored as hydrogen (H,) fuel stock and fed
back to the fuel cell again. The operating parameter of fuel
cell stack power is 6 kW, 133.3 A, with fuel flow of 50.06
(Ipm), at operating temperature of 338 kelvin as shown in
Table II.

TABLE II. FC SPECIFICATION

Parameters Rated Values
Stack Power 6000W
Nominal Voltage 45V
Nominal current 133.3A
Number of cell 65
Operation temperature 338 kelvin
Air flow rate 300 Ipm
Fuel flow rate 50.06 lpm
H, -1-%02 — H,0 + Heat + ElectricalEnergy 4)
The detailed PEMFC model selected from

MATLAB/Simulink and it is integrated into the PV system.
The fuel cell is developed as controlled voltage source and

its mode

1 is shown in Fig. 5.
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Figure 5. Cross-sectional view of PEMFC

D. DC-DC Converter
The ISSBC converter is connected with PV1, PV2 array
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and FC system for power conversion (low voltage high
current into a high voltage low current output system). The
ISSBC consists two single boost converter that are
connected and operating 180° out of phase with 10 kHz
switching frequency to extract maximum power from PVs
and FC systemand modulation index are defined by the
equation (5) to (8)

=1, (30-0) ©
101

Va _E(Sj va (6)
(1

I, :E(SJIW (7
101 v

M 5[3) =y ®)

pv
where, V, - output voltage, V,, - input voltage, D - duty
cycle, I, - input current, I, - output current, M - Modulation

Index.
TABLE III. CONVERTER SIMULATION PARAMETERS

Parameters Value
The RMS line voltage of the AC load 600 V
Pulse switching Frequency 10 kHz
DC capacitor voltage 897V
Capacitance 2200 pF
The carrier sub-bands h1=0.8,h2=0.2

The parameters of DC-DC converter is shown in Table
III. The simulation results are obtained for the various
operating conditions likely dynamic load. The output results
are analyzed to obtain optimal operating parameters. The
obtained parameters can be used for the further analysis.

IV. POWER MANAGEMENT CIRCUIT

The proposed EMC controller algorithm implement the
by the logical switching (ON and OFF) simulation block
sets. The controller observes the PV and FC power and
compare with the load if demand less then PV power the
excess power sent to storage device. The load demand more
than PV system the required power supplies from FC stack.
The switching mechanism for SMC-ANFIS-EMS system
mentioned is in Fig. 6.
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Figure 6(a). Circuit diagram of EMC system

A. SMC Algorithm

The SMC controller extracts the MPPT PV and FC
system with quick energetic response as shown in Fig. 7.
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Load training data
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Figure 6(b). Flow Chart of EMC system

The controller operating instruction from the energy
management system (EMS) is based on the available source
voltage (V) and source current (I;) as well as output
produced by the duty cycle of modulation index (MI). The
system is implemented and developed in the ‘IF’ and
‘ELSE’ simulink blocks. The system is operated by
conditional power availability of the PV1, PV2 and FC
renewable system. The sliding surface ‘¥’ and ‘@’ is chosen
to extract the MPPT location from the PV array and FC
power conversion system.

opP P,
2 andg = OFrc
ol al,.

pv

v = ©)
where, P,, — power availability of PV system, Pyc — Power
availability of Fuel Cell, Izc— Current of Fuel Cell.

The PV power sensed and P, and Pgc is found as,

I)pv = va]pvandPFC = VFCIFC (10)
Taking the derivative of equation (10) as,
oP ov . 3
L=V, +1, pandap—’”czVFC+IFC8V’”C (11)
al,, al, ol e
Sliding surface calculated by equation (11) as,
0 ov,
y=V,+1, 8Ip andy =V, + 1, —=~ (12)

P FC
To solve the equation (9)-(12) is set to zero. SMC can be
defined as,
d =v+ksign(y) and d = v+ ksign(p) (13)

where, k - gain constant, v - equivalent control. The v is
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obtained as,

l)zl—Qana’u:l—h (14)
de dc
the duty cycle d differs between 0 and 1. Hence the SMC
logic distinct as,

1;if v+ksign(y) >0 1;if v+ ksign(@) >0
N {O ;if U+ksign(t//) <0 {O sif U+ksign((p) <0
The SMC program script is embedded in the user
definition function as Simulink block. The modulation index
is initiated to the PWM generator with frequency of 5000
kHz with damping factor constant of 1074. The generated
pulses are used to control the ISSB converter. Optimal
operation of SMC controller appropriates the operational

conditions of the PV and FC system.
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Figure 7. SMC-EMS

B. SMC - ANN
The ANN algorithm operates like a human brain and
attempts to imitate the method of learning. The ANN is
trained with 5000 input and the output data is extracted from
the SMC-EMC controller. The trained block replaces the
conventional SMC controller as shown in Fig. 8. The ANN
is input output pattern matching intelligent controller
system. The output performance obtained mean-square error
as shown in Equation (16).
L$r |, |l
e:;Ziﬂ"y() _Vo"
where, p = training datas, y = SMC-ANN response vector, v
= desired output.

a,= ‘[anmg(Z:k:1 A +b1as)

‘wy’ - synapse weight linked of each ‘n’ inputs.
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Figure 8. SMC-ANN-EMS

In Equation 17, the sigmoid function of the consequential
prejudiced sum plus bias connected will be measured as an
added input produces the output. The output of ANN block
will produce modulation index (MI) and pulse is generated
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using PWM generator and that ignites the energy conversion
system.

C. SMC - ANFIS

The ANFIS controller combination of the FLC-ANN
powerful tool used to control and optimize the performance
of composite system including nonlinear response of PV and
FC systems. ANN functions of statistics training, while FLC
are based on skilled knowledge. ANFIS builds input output
mapping on generated input output data pair by using least
squares and back propagation gradient method. The fuzzy if-
then rules of the Sugeno fuzzy system are given as follows:

Rule 1:ifX (¢t —)isAandY (t)isB, ,thenF, =m X(t)n Y +k  (18)
Rule 2 ifX(t - VisA,andY (¢)isB, ,thenF, =m X(tnY +k,  (19)

The small letters “m’, 'n’, and ‘k’ of signify the linear
parameters, the capital letters ‘A’ and ‘Indicate are nonlinear
parameters. In this first layer, the numerical data is
converted to the fuzzy then the equations are defined as

Z,; = py(X) fori=1,2 (20)
Zl,j :/uA[(Y)fori2334 21
Z,; - membership value X, and Y, ‘4’ - membership

function, i - node and j - layer numbers. In the second layer,
the output is the product of every input response.

Zyy =t (X) 5, (Y) (22)
This third layer of fuzzy system is found as
Z, =o =—2 (23)
’ o +o,
‘w;’ - optimal firing strength. Function of fourth layer
linguistic value is converted to numerical values
Z,, =o=a(pX+qY+r)fori=1,2 (24)

‘pi’, ‘qi’, ‘r;’ are consequent parameters. It calculates the
overall output value
X o
ZS,j = Z,-miE' =< (25)

Z[mi

Input variables to the ANFIS controller are PEMFC and
PV parameters and the output is modulation index.

The data set is collected from SMC-EMC conventional
system and trained by the ANFIS tool. The three different
configurations contain 5000 input parameter of voltage,
current and output parameter of corresponding modulation
index and setting of 3000 epochs. From that dataset, ANFIS
will generate a fuzzy inference system (FIS) data structure.
The structure membership parameters are tuned, and the
error (0.01%) is optimized by back propagation algorithm.
The output response of surface view is shown in Fig. 9. The
SMC-ANFIS-EMC of standalone hybrid system is
developed and shown in Fig. 10.
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Figure 9. ANFIS surface view generated rules
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Figure 10. SMC-ANFIS-EMS

V. SIMULATION AND RESULTS

The performance of the different EMC-MPPT of hybrid
PV and fuel cell’s are controlled and overall simulation
scheme is studied, and it is presented in Fig. 11. The two
individual PV module and FC stack are connected
individually with ISSB converter. These three converters are
serially connected with PMDC motor. To achieve the
performance of the system is tested under different
operating conditions and it is evaluated and investigated by
SMC, SMC-ANN and SMC-ANFIS controller developed in
MATLAB/Simulink platform. The different electrical and
mechanical parameters and conversion efficiency are
analysed. The operating configuration parameters are shown
in Table IV, and simulated result of insolation of PV and FC
fuel flow rate are presented in Fig. 12. The simulation is
carried out for the duration of from 0Os to 0.5s at the PV2
irradiation of 400 W/m2 with cell temperature of 250 °C and
FC fuel pressure is of 30.06 (Ipm) at stack temperature of

3380 K.
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Figure 11. Simulation diagram of the system

The dynamic change is considered from 0.5s to 1s for the
PV1 400 W/m* and PV2 600 W/m®. During the period of 1s
to 1.5s, irradiance of PV2 is of 450 W/m’ and same fuel
pressure for FC stack is considered. The interleaved
converter mode with 60 kHz effect is developed by phase
shifting of two 30 kHz switching signals. The dynamic
change from one pattern to another should be analysed to
accommodate the load mismatch with source. The load
mismatch happens because of incident voltage drop and
overshoots oscillations and it is managed by EMC control
algorithm.
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Figure 12. Insolation and fuel flow rate

TABLE IV. SIMULATION CONFIGURATION

Parameter
; Insolation Fuel Pressure
Pattern Time
(W/m?)(25°C) | (Ipm)(338K)
PV1 PV2 FC
PT1 From (t=0.0s to t=0.5s) - 400 30.06

PT2 From (t=0.5s to t=1.0s) | 400 600 -

30.06

PT3 From (t=1.0s to t=1.5s) - 450

In SMC-EMC controller, the PV and FC system
characteristics are analyzed in terms of generated voltage,
load voltage, load current, load power, motor speed and
schedule time due to dynamical change from one pattern to
another pattern is as shown in Fig. 13. It can be observed
that the voltage variation of 159.10 at 400 W/m® (PV2) and
FC voltage of 159.10 V at 30.06 (Ipm) in the pattern 1
configuration. Similarly, there is a dynamical change in
partial shaded condition in PT2 with transient voltage
variation of 242.10 V with settling time of 0.5463s and
152.90 V with settling time of 0.548s respectively. In the
Final pattern (PT3), PV2 produces transient voltage of 147.9
V with settling time 1.02s and 182 V with settling time
1.053s. Fuel cell produces 251.8 V at 1.022s and 210 V at
1.068s respectively.

The average power produced during different pattern is
tabulated in Table V for SMC-EMC system. It is observed
that, it produces 4760 W, 4710 W and 4880 W with
oscillation of 5%, 3.31% and 1.3% respectively. The
mechanical characteristics of torque and speed of SMC-
EMC are shown in Table VI. In this observation torque
oscillatory is about 20.10 Nm to 21.18 Nm and the speed of
the motor varies from 767.50 rpm to 862.90 rpm
respectively.

System Voltage(V)
300 : ;
200 F r—'
100 l 1
FC+PV2 | BVI+PV2 | FC+PV1
0
0 0.5 1 15
(@ Caenty
i urrent(’
600 Valt(v) 20| |
250 L T 10
u(—_ SMC i Y |
0 05 1 15 0y s ; 15
Power(W) Speed(RP)
3000 1000 pecdBPAD
amnoL 500
] sMC | SMC
0 05 .. .1 15 0 0.5 1 15
Time{s) Time(s)
(b)

Figure 13. SMC-EMS: (a) Generated voltage, (b) Load Parameter
The same hybrid PV’s with FC system is simulated for

SMC-Artificial Neural Network based EMC with same
patterns shown in Fig. 14. It is noted that in PTI, the
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generated voltage of 162.20 V at 400 W/m* (PV2) and FC
voltage of 230.90 V at 30.06 (Ipm). Similarly, there is a
dynamical change in partial shaded condition in PT2 with
transient voltage of 243.80 V with settling time of 0.520s
and 160.60 V with settling time of 0.517s respectively. In
the final PT3, PV2 produces transient voltage of 180.1 V
with settling time 1.024s and 177 V with settling time
1.28sat 430 W/m?. Fuel cell produces 255.10 V at 1.024s
and 226.80 V at 1.028s respectively.

The average power produced during different patterns is
tabulated in Table V for SMC-ANN-EMC system. It is
observed that, it produces 4614 W, 4713 W and 4789 W
with oscillations of 4.10% to 0.70%. The mechanical
characteristics such as torque and speed of SMC-ANN-EMC
are shown in Table VI. In this observation torque oscillatory
is about 19.96 Nm to 21.02 Nm and the speed of the motor
varies from 804.20 rpm to 861.90 rpm respectively.

System Voltage(V)
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0 0.5 1 1.5 0 05 _ 1 1.5
Time(s) Time(s)
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Figure 14. SMC-ANN-EMS: (a) Generated voltage, (b) Load Parameter

The same hybrid PVs with FC system is simulated for
SMC-Artificial Neural Fuzzy Inference System based EMC
with same patterns. It is noted that in PT1, the generated
voltage of 161.50 V of (PV2) and 233.90 V of FC.
Similarly, there is a dynamical change in partial shaded
condition in PT2 with transient voltage of transient 242.10
V with settling time of 0.520s and 163.10 V with settling
time of 0.517s. In the final PT3, PV2 produces transient
voltage of 177.30 V with settling time 1.024s and 177.00 V
with settling time 1.38s. Fuel Cell produces 221.70 V at
1.020s and 225.80 V at 1.028s respectively.

The average power produced during different patterns is
tabulated in Table V for SMC-ANFIS-EMC system. It is
observed that, it produces 4514 W, 4748 W and 4742 W
with oscillatory 1.93% to 0.5%. The mechanical
characteristics such as torque and speed of SMC-ANFIS-
EMC are shown in Table VI. In this observation torque
oscillatory is about 20.10 Nm to 20.98 Nm and its speed
varies from 814.70 rpm to 859.40 rpm respectively.

A. Comparative Analysis

The Electrical and Mechanical parameters are tabulated in
Table V and Table VI respectively for all EMC system. For
PT1 configuration, in SMC-EMC, the voltage varies from
maximum to minimum as 385.60 V to 366.60 V and the
current varies from 12.98 A to 12.47 A and the power varies
from 4826 W to 4695 W with oscillation 5.00%.
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Figure 15. SMC-ANFIS-EMS: (a) Generated voltage, (b) Load parameter

In SMC-ANN the voltage varies from 390.50 V to 374.80
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V and the current varies from 12.10 A to 11.53 A and the
power varies from 4570 W to 4658 W with oscillation
4.10%. In SMC-ANFIS the voltage varies from 396.60 V to
393.00 V and the current varies from 11.80 A to 11.75 A
and the power varies from 4531 W to 4497 W with
oscillation 1.93%.

Specifically, the dynamical from PT1 to PT2
configuration for the period 0.5s to 1.0s, it’s observed that
the SMC-ANFIS has considerable response in all electrical
and mechanical parameters compared to other two
controllers such as SMC and SMC-ANN. The transient drop
in power of SMC-EMS, SMC-ANN-EMS and SMC-
ANFIS-EMS are 1444 W, 2008 W and 2029 W respectively.

The corresponding motor speed is 756.90 rpm, 849.30
rpm and 836.10 rpm. The power response of the SMC-
ANFIS got the global peak power than other two controllers
and the power has 1.5% to 0.3% less oscillatory.

TABLE V. SIMULATION RESULT OF ELECTRICAL PARAMETERS

S Simulation Parameter
N6 Pattern EMC Voltage(V) Current(A Power(W)
Max Min Avg Max Min Avg Max Min Avg | OSC%
1 SMC-ANFIS | 396.60 393.00 392.80 11.80 11.75 11.77 4531 4497 4514 1.93
2 PTI SMC-ANN 390.50 374.80 382.65 12.10 11.53 11.89 4570 4658 4614 4.10
3 SMC 385.60 366.60 376.10 12.98 12.47 12.57 4826 4695 4760 5.00
1 SMC-ANFIS | 396.30 396.80 396.60 12.05 11.68 11.86 4802 4694 4748 1.00
2 PT2 SMC-ANN 402.20 391.60 396.90 12.33 11.68 12.00 4944 4483 4713 2.60
3 SMC 398.80 385.70 392.25 12.48 11.25 11.86 5019 4401 4710 3.31
1 SMC-ANFIS | 399.06 397.80 398.43 11.90 11.81 11.86 4772 4713 4742 0.5
2 PT3 SMC-ANN 401.30 398.50 399.90 11.98 11.87 11.95 4845 4734 4789 0.7
3 SMC 403.80 398.40 401.10 12.08 11.90 11.99 5001 4760 4880 1.3
TABLE VI. SIMULATION RESULT OF MECHANICAL PARAMETERS
S. Torque Speed (rpm)
No Pattern EMC Min Max Min Max Average
1 SMC-ANFIS 20.42 20.98 814.70 849.80 832.25
2 PTI1 SMC-ANN 19.96 20.92 804.20 835.30 819.75
3 SMC 20.10 21.50 767.50 820.90 794.20
1 SMC-ANFIS 20.58 20.98 851.10 853.50 852.20
2 PT2 SMC-ANN 20.04 12.01 855.10 840.90 848.00
3 SMC 20.47 20.98 836.20 847.40 841.80
1 SMC-ANFIS 20.71 20.98 852.40 859.40 855.90
2 PT3 SMC-ANN 20.47 21.02 847.00 861.90 854.45
3 SMC 20.67 21.18 856.70 862.90 859.80
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In PT3 configuration, the simulation carried out for the
duration of 1.00s to 1.50s, the SMC-ANFIS -controller
supplies 8742 W power to the load and speed of the motor
almost constant 855.90 rpm and the power oscillation is
about 0.5%.

In case of SMC- ANN controller, the speed drops to 840
rpm and oscillation between 847 rpm and 861 rpm and
power oscillation is 0.7%.

In the case of SMC-EMS, operational power is of 4880 W
due to power oscillation between 5001 W to 4760 W and its
oscillation nearly 1.3% and speed reduced to 833 rpm at

dynamically change condition.
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provision of optical isolation of the control circuit and the
power circuit. The IC MCT2E is used for optical isolation.

The prototype has an onboard PIC16F877A
microcontroller. There is also a provision for attenuating the
input and output voltages and currents. The microcontroller
and the opto couplers are fed with DC power supplies
derived from separate 230 V / 9 V transformers. The
microcontroller is fed with a regulated 5 VDC power
supply, and the opto coupler’s DC supplies are not
regulated. After wiring up the topology as per the specific
application, the hex codes of the control program is
developed in any C language programming environment.
The important waveforms have been recorded and are
presented in Fig. 18 and Fig. 19.

400 oy ‘ : :
= TN
Transient r
0.5 0.51 0.52 053 0.54 Figure 17. Hardware setup of SMC-ANFIS based EMS
100 : :
0 03 Time (s) 13 TABLE VII. THE POWER BALANCE THROUGH THE SYSTEM OF POWER
0000 Power (W) CONVERSION WHILE THE SOLAR IRRADIANCE IS 500 W/M"2
SMC SMC-ANN SMC-ANFIS Output Output Power
Subsystem Terminal -
Current Delivered
Voltage
4800 ¢ ] SPV to ISBBC 167V 3.76 A 62.8 W
ISBBC to Battery 222V 235A 53.58 W
or 00 W ] TABLE VIII. THE POWER BALANCE THROUGH THE SYSTEM OF POWER
0 CONVERSION WHILE THE SOLAR IRRADIANCE IS 950 W/M"2
-2000 1 0.5 0.51 1 0.52 0.53 0.544 Outout
0 0.5 1 1.5 p Output Power
Subsystem Terminal -
Motor speed (RMP) Voltage Current Delivered
900 : |
N SPV to ISSBC 171V 6.8 A 1162 W
000 ISSBCto Battery 24.7V 445 A 110 W
a0l UL S — Fig. 18 shows the switching pulses applied to the
700 i :
05 058 08 0.65 MOSFET. These switching pulses areas dictated by the
SMC algorithm embedded in the microcontroller PIC
smc SMC-ANN SMC-ANFIS | 16F877A. The switching pulses reach the gate of the
° o5 ; 15 MOSFET through the Opto Isolator IC MCT2E. The
’ Time (s) :

Figure 16. Comparison of load current, voltage, power and motor speed

VI. EXPERIMENTAL VALIDATION

A scaled-down experimental prototype to validate the
proposed idea has been constructed and tested. The
specifications of the prototype developed are as follows. The
experimental verification has been tested with a battery
charging system consisting of 2 number of 12 V, 35 Ah
batteries connected in series. The photograph of the
proposed system is shown in Fig. 17. The ISSBC has been
implemented in a general-purpose power electronic
prototype kit where the power electronics are mounted with
open terminals. The user can wire up the power electronic
switches along with the external components. There is a
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resulting current through the inductor L of the SCBBC and
the voltage across the MOSFET are shown in Fig. 18 and
Fig. 19.

VII. CONCLUSION

An intelligent control algorithm for power management in
integrated Hybrid Energy System includes partial Shaded
PV system and Fuel Cell to supply the standalone DC
system has been developed. The Integrated Hybrid system
is configured by different combination of renewable source
and activation by the SMC-ANFIS control algorithm. The
simulation result of proposed system is compared with
conventional SMC and SMC-ANN EMS. In the Electrical
parameter, the power oscillation for the entire three patterns
got reduced by SMC-ANFIS.
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Figure 18. (a) The switching pulses applied to the MOSFET. (b) The
current through the inductor
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Figure 19. a) The terminal Voltage of the PV panel. (b) The voltage across
the battery

In pattern (PT1) of SMC-ANFIS, the power oscillation
reduced to 1.93% while other controller SMC and SMC-
ANN got 5% and 4.1% correspondingly. In PT2, the SMC-
ANFIS reduced the oscillation to 1% while other two
reached 3.31% and 2.6%. In PT3, the SMC-ANFIS reduced
the oscillation to 0.5% while other two reached 1.3% and
0.7%. Similarly in Mechanical parameters, the controller
SMC-ANFIS produces the average speed of 832.25 rpm,
852.20 rpm and 855.9 rpm corresponding to PT1, PT2 and
PT3 while other two controllers stuck. The proposed system
with SMC-ANFIS controller has a better responsiveness, as
evidenced by the extensive study of the simulated data when
compared with other SMC and SMC-ANN controllers.
Experimentation was also carried out, with the findings
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proving the correctness of the proposed concept.
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