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b ABSTRACT
itaon s A grid operated by a sunlight concentrator system is developed for a domestic electric
updates vehicle (EV) charger in this paper, it meets the requirements of an electric vehicle, home

loads, and the grid. The charger will run independently, employing a solar panel to give
uninterruptible charging and control of home loads. The grid connected mode of
CorrespondingAuthor operation is available in the absence of a Photovoltaic panel or when the Photovoltaic
module's power is unsatisfactory. In addition, the charger is assisted by the synchronized
and smooth phase shifting control, which allows it to immediately connect and
disconnect from the grid, neither interfering with EV charging nor home supplies.
Moreover, the battery is allowed to support grid and vehicle-to-home (V2H) power
transmission with vehicle-to-grid (V2G) active/reactive power support to support local
loads in island conditions. The battery is often regulated to perform as an active power
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1. INTRODUCTION

EVs are becoming more popular as a viable remedy to the difficulties produced by conventional energy sources cars in
the current environment [1]. The flexibility of electric vehicles, on the other hand, is determined by charging
infrastructure [2]. Charging an electric vehicle needs a large quantity of electric power it is generated primarily from
Coal or fuel generators. As a result, compared to the present vehicle framework, When the electrical energy required
for EV charging comes from environmentally favorable power resources like sunlight arrays, wind, EVs can be a
sustainable and smart option. For example, [3]. The solar panels electricity is generated and used locally, which is a
benefit of such type of a power outlet. As a consequence, there is no need to rebuild transmission lines to meet the
additional power. Furthermore, when energy costs are high, there is no need for a power outlet electricity from the
network. Another advantage of a power outlet based on a sun powered module is completely space constrained. Ma et
al recommend using an office building and a halting area to install sun-powered Photovoltaic module, as these sun-
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powered Photovoltaic modules also act like a shade and protect vehicles and structures from overheating [4]. As a
result, using a charging station based on a PV array not only avoids grid overloading, but it also saves money. It does,
however, keep the charging station's operational costs to minimum. Furthermore, the PV exhibits scheduled activity
reduces the effects of Photovoltaic power on the utility, and it eliminates the problems caused by Photovoltaic power
irregularities caused by sunlight [5].

To connect the Photovoltaic module towards the dc interface, a dc-dc converter (often referred to as a support
converter) is employed. The primary benefits of such location contain a minimization in one force stage due to the
exclusion of the dc-dc converter stage, circuit complexity, and converter cost, all while maintaining the PV array's
presentation. Unless the battery is only utilized to charge the Electric vehicle, the battery will be dormant fits over half
ofitslife. As aresult, while the EVisn't connected for charging, the charger's converter mustbe used for other projects in
order to improve the charger's functional competence. Several functions are offered in the work, including four-
quadrant charger activity, vehicle-to-home activity utilizing an EV battery, and dynamic separation, among others.
[13].

A variety of converters and regulators are employed for distinct types of action in the available writing. Furthermore,
network accessibility (islanded or lattice linked activity), methods of performance swapping among various working
methods (consistent or irregular), and such variables all have an impact on the charger's functional competence. Many
attempts are being made to develop an integrated framework that can carry out the leading capabilities that benefit
the grid, family stacks, and electric vehicles. [14]. A family load included; matrix associated sun powered Photovoltaic
module based Electric vehicle battery with various functionalities is carried out in this paper with the consolidated
control for achieving the acceptable activity of many functions like i) Photovoltaic with Maximum power point tracking
without the need of a dc-dc converter ii) charger activity in multi quadrants (G2V/V2G), iii) Non - linear burden on
Vehicle to home, iv) dynamic separating, v) grid associated activity/islanding, vi) parallelism (programmed method
exchanging), vii) Maximum power point tracking derating, viii) point of common coupling voltage rectification, and so
on. Furthermore, connecting Electric vehicle battery charging with a sustainable energy resource, residential burden,
and network causes issues for total energy management.

Table 1: State of Art on Solar PV based EV Charger

SNe References BV Four VIH | Active | Islanded'gnd | Synchromz | MPPT | PCC
amay | quadramt | with | filterin | connected ation | Deratin | Voltage
without | operation | nonln | g , g | comectio
VGGV | ear (Automatic n
de-de ) loads mcdc
converte switching)
I
V[ [ 20 270 [10,1290,038] | N No No | No |GndComnected No No No
4]
2 [24] No No No No Both Yes No No
3 [25]126] No No No | No Both No No No
4 fé] No No No Yes | Gnd Connected No No No

5 | RSIOIBURAMIES] | N | Yes | No | No |GndCommected| No No | No

6 [34] No No Yes | No Both No No No
1 [36][37) No No No | No Islanded No No No
§ [39] No No No | No Islanded No Yes No
] [40] No Yes Yes | No Both Yes No No
10 Proposed system Yes Yes Yes | Yes Both Yes Yes Yes

ShodhKosh: Journal of Visual and Performing Arts 678


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh

S.Anusha, and K.Nagabhushanam

A unique grid-integrated microgrid energy management system based on predictive fuzzy reasoning, where the

controller uses the system's long-term model to estimate energy output, demand, and cost [26]. Many experts have

planned to build an energy management system based on rules and optimization. A sliding mode control (SMC) is

utilised in this work for dc-link voltage management, which enhances the system's dynamic and steady-state efficiency.

SMC is recognised for its strong response and vigour in the face of disadvantages, such as opaque control variables and

system limits [51]. In a single Electric vehicle battery structure, this work integrates multiple tasks, for example

i)Photovoltaic with Maximum power point tracking without the need of a dc-dc converter ii) charger activity in multi

quadrants (G2V/V2G), iii) Non - linear burden on Vehicle to home, iv) dynamic separating, v) grid associated

activity/islanded, vi)parallelism (programmed method exchanging), vii) Maximum power point tracking derating, viii)

Point of common coupling voltage .The benefit of this system is that it satisfies the needs of the residential load, the

electric vehicle, and the utility all in one package.

The following are the key characteristics of this system:

e Ingrid-coupled and standalone method, the use of PV array energy for EV charging and home load control.

e At PCC, a strong control approach for producing a sinusoidal voltage with total harmonic distortion (THD)
under 5% has been improved.

e The VSC and the EV battery combine to provide Vehicle-to-grid (V2G) reactive power under consumption.

e Implementing vehicle-to-home (V2H) work to provide the home demand in standalone method while utilizing EV
battery energy.

e Control for synchronising grid and PCC voltages, as well as logic for producing switch enabling logic (E)

with a smooth transition from standalone to grid coupled method.

So that the charger does not contaminate the grid, it uses VSC as an active power filter.

The IEEE-519 standard is always followed in grid coupled method for current and voltage.

Ability to work effectively in a distorted voltage situation.

For all operational modes, an energy management technique according to dc interface voltage control.

The energy regulation method uses a SMC according to dc-interface voltage control to achieve the specified goals.

2. NETWORK DESIGN OF THE SYSTEM

Figure 1 illustrates the circuit architecture of the projected charge controller. This is a single-stage bi-directional
battery for an electric vehicle it includes a sun-powered photovoltaic module a directly on the VSC's dc-link. This
technology charges the electric vehicle charger utilizing sun- powered photovoltaic/grid electricity and transmits the
sun-powered photovoltaic/Electric vehicle battery power back into the grid. This battery contains two stages, such as
Conversion from ac to dc in both directions, then dc to dc in both directions. While charging the EV battery, the data
is converted from AC voltage to DC voltage at the AC DC conversion stage and works as an inverter to convert the DC
voltage to AC voltage while managing PV power and EV output into the grid. The output of bi-directional DC-DC
converter is connected to the EV battery. The various tasks are completed by by the dc-dc converter in this battery.
The DC converter operates in buck mode when charging the EV battery and in boost mode while discharging.

C
230V, 50H:  pcc o by
single Phase SJ SJ Sﬁj T T

Supply

Bidirectional AC-DC  Bidirectional DC-DC
Converter Converter

Fig. 1: Network Design Of The System
It also controls the DC bus voltage and ensures that the solar PV array generates the greatest amount of electricity
possible. Through the coupling inductor, the charger is coupled to the grid (Lc). Harmonics must be removed, and the
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grid current must be smoothed. To avoid the injection of switching harmonics generated by the VSC into the grid, a
ripple filter is additionally linked at Point of Common Coupling.

3. STRATEGY FOR MANAGEMENT OF ENERGY

This charger's energy management technique is based on constant dc-link voltage control. Fig. 1 shows energy
management flow chart under various operating circumstances. The steady-state is provided like this,
iPBin—Ph+PpV:0 (1)

Sun-powered modules power, Electric vehicle power, home load power, and grid power are all represented as Ppv, Pgv,
Prand P, respectively. The positive power in this equation denotes power supply, whereas the negative power denotes
power consumption. This implies that both the EV and the grid can produce and consume electricity. The charger
experiences a transient induced by Solar irradiation, household load, and Electric vehicle battery current are all
increasing. when it is linked to the grid. The charging and discharging of the EV battery, as well as the home supply,
should be unaffected by the PV array change in power.

As a result, during irradiance change, a sequence of processes takes place in order to achieve energy balance in the
system.

Solar irradiance T!— P,, Tl— power at DClink Tl— V4 Tl— Vgcregulation = I, Tl—= [* Tl—

Iy 1l (2) g

Similarly, by the change in EV charging/discharging, and the sequence of The following are the energy management
events that occur during this transient:

Charging power Tl— Iz Tl=power at direct current linkT!— V4 Tl— V4 regulation— I, Tl—

IFTl-» 1l 3)
g g
Energy management in a steady-state scenario in standalone mode is defined as
Ppy+ Py —Pr=0 (4’)

Changes in solar irradiance and house load stop the energy flow in standalone mode, just as they do in grid linked
mode. Because the dc-link voltage is controlled by the EV battery, it compensates for all power fluctuations. Changes in
solarirradiation lead to energy management in the following ways:
Solarirradiance Tl— Ppy Tl— powerat DClink Tl—= V4. Tl— Vyregulation = I* Tl— Iy TL
(5) EV
Energy management is achieved whenever the home load changes.
in Tl— power atdirect currentlink Ppy Tl— Vg Tl—= Vycregulation = I+ Tl— Iy T1
(6) EV
4. ALGORITHM OF CONTROL

The control goal is to charge the electric vehicle and power the house without interruption, regardless of the
circumstances. As a result, the control is structured in such a way that the multifunctional task is completed. As shown
in Fig. 2, the control may be divided into two types: mode (islanded and grid linked). These two major controllers,
however, encompass the vehicle- to-grid (V2G) dynamic and receptive forces, as well as the vehicle-to-home (V2H)
modes. Also, It is described how to control a consolidated bi-directional dc-dc converter in both islanded and grid
linked mode.
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Fig. 2. Energy management flow chart
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A.GRID CONNECTED MODE CONTROL.

The aim of GCM mode is to control the dc link voltage as well as the grid current in order to control the active and
reactive power flow and, as a result, to generate the VSC exchanging beats. The following explanations are provided for
sliding mode control (SMC) and variable speed control (VSC).

1) MODE OF SLIDING CONTROLLING THE VOLTAGE ON THE DC LINK

Sliding mode control is used to control the direct current -link voltage and MPPT of a sun-oriented photovoltic module
in this paper. In single-stage geography, MPPT is performed by controlling the dc-interface voltage at the MPP voltage
of the sun-powered PV exhibit, so the dc-interface voltage guideline is also required for the MPPT of the sunlight-based
PV array.

The MPPT calculation [52] gauges the reference dc-connect voltage (V*) at which the pinnacle force of the The solar-
powered PV display has been dismantled. Regardless, in the absence of a sun-baged PV age, the dc-connect voltage is
controlled at a certain voltage (360V). The surface of the sliding mode control is designed using a combination of
corresponding and basic parts of voltage error because the dc-connect voltage is directed by the SMC. To regulate the
coming to and sliding elements of the machine, the corresponding and essential type of sliding surface is chosen

The voltage error is calculated as follows:

e=V* -V (7)
sliding surfgce is given as,
S=aie + az [edt =ye + [ edt (8)

Where, y (y = a1/a2) is a positive steady, which selects the regulator's consistent state and dynamic displays steady
state inaccuracy, overshoot/undershoot, settling time, and vigour are only a few examples. The net active power flow
determines the dc-voltage interface. When the net prompt active power flow increases, the dc-interface voltage rises.
Regardless, when net negative prompt active power flow occurs, the dc-connect voltage decreases. As a result, the
dynamic force balance in the system may be controlled in this manner. The assessment of the unpleasant portion of the
reference system current and the dc-connect voltage guideline must be quick. the error is used as the sliding surface,
which is based on the net dynamic force stream. The current estimated is given as

_(PL,S>0
la = {PJC $>0 ©)
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The SMC considers the first-order derivative of the dc-link voltage created by the power balancing at dc-link as follows:

P = =C V dK+1V2 (10)
i dc dc dc d __ dc
dc dt ¢

RL

On the charger's dc side, R, is the equivalent load, which is simplified by modelling it as a resistive load. Using (9) and
(10), the first-order derivative of the dc-link voltage may now be computed as follows:

v a1y (11)

dc CdcVd dc

¢ RLC4

C

Where variations in irradiance, load, and charging/discharging current cause a change in the dc- link voltage.
The controller for direct current-link voltage management and calculating the current loss component is built using
Lyapunov stability criteria, which say that [53],

,u[! Ve current estimation using '
SOGI-FLL-DRC ii h'!(m(h d nmdf ('mmu/

/m m ! 0

wr] 2% *50

}]« 2751

Fejerence v O/f((ﬁ'{’ j,'(’H{’f (HI'OH

V{k . ‘ : N # M | Gridrecovared |

v ] kel i | 5 4 1 i

. ‘Y — : — T (or) i
IND)
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Fig. 3 Combined control strategy of VSC
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limS.5 <0 (12)

x=0

S{¥(Vae — Va)te} =S{y(Var) +e}  (13)

. I 1 1 I
Sy (e — e Vac + 1) + €} (148 {( 5 — LVye +yi) + )
(15)
Now, I is select such that S.S< 0
i i | 1 L .
la = CacVae | (g —7) Vee + 3 Vie = (6 + 8)sign(®)]  (16)

If Ris a positive constant, then is also a positive constant. Appendix I contains the values of, and, which were chosen
for implementation. In addition, Appendix II discusses the precise derivation of the controller's stability.

The chattering phenomena may emerge with the applied SMC control due to the existence of (¢+6)sign(S) in (16). With
the SMC control in place, the chattering cannot be completely eradicated. The chattering, on the other hand, has been
restricted to a constant frequency by limiting the value of such that the (c+6) does not get too tiny. is defined as follows
since is a positive constant

Ve > 0.1V

5=l 17
{.1 Ve < 0.1V G2

2) GCM's VSC Control

Figure 3 depicts the VSC control. The grid current comprises harmonics as a result of non-linear home loads and the
EV. Grid current also contains harmonics. Furthermore, the power factor (PF) deteriorates. As a result, a second-
request summed integrator frequency locked circle with dc dismissal ability (SOGI-FLLDR) [54]is used to appraise the
basic burden current so that the reference current is free of noises for working on the PF and ensuring the grid current
THD inside 5%. Figure 3 demonstrates the extraction of the essential dynamic burden current component using a Zero
Crossing Detector as an example. [54] is the articulation for the dynamic current assessment.

(18)
ihp _
kw
52
in s3+(ko+kw)s2+w?(s+ko)

The total active current is calculated to be as follows:

I, =14 = Inp (19)

The amplitude of the reactive current (I q) of the reference grid current (i s*) is computed and given as part of the
reactive power instruction (Q ref).

I, = =L (20)

1 Vem
To get instantaneous reference active grid current (I,) and instantaneous reference reactive grid current (/,), the
actual () and reactive (I/4) components are multiplied by the in-phase (u:) and quadrature-phase unit template (q¢),
respectively.
The following equations provide the in-phase (u;) and quadrature-phase (g:) unit templates:
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— Pap — ¥oq
Uy = e = (22)
Vim Vim

Where vgyand vgq are the PCC voltage’s in-phase and quadrature-phase voltages, respectively, and V4, is the voltage’s
amplitude. These two (v4 andv ) voltages acquired with the SOGI- FLLDR method become harmonic-free, resulting in
sinusoidal approximated unit templates. The

Vs may be calculated using vy, and vg4 as follows:

Vim =v° +1v2 4 a (23)
The total reference grid current is calculated by multiplying (i,) by reactive grid current (i,).

=i, 4 (24)
q

The hysteresis controller creates the triggering signals for the VSC after comparing the reference
grid current (i*) with the measured grid current (i ).

g g

B.IN STANDALONE MODE, VSC CONTROL

The integrated framework's goal in islanded mode is to charge the EV and provide the family load self-sufficiently using
PV display energy. In addition, the V2H power mode is employed to meet the family load in the absence of PV exhibit
energy. The VSCisregulated to function as an inverter to feed the heap in islanded mode, according to the control shown
in Fig. 3. As shown in Fig.3, the regulator generates the voltage by using the reference recurrence and reference voltage.
The VSC beats are generated using the measured voltage and the reference voltage. The charger should be coupled
with the lattice for two-way power transfer while functioning in islanded mode. It is therefore necessary to synchronize
the lattice voltage, recurrence, and stage with the PCC voltage, recurrence, and stage. The objective is for the matrix's
association to become constant and programmed. The regulator evaluates the stage points of the PCC voltage and the
lattice voltage in this manner, calculating the stage difference between the two voltages. To minimize the stage error
between two voltages, the PI regulator is used The PI regulator decodes the stage mistake data and converts it into
error recurrence. The regulator generates the reference voltage of rectified Recurrence using the error recurrence.
When the periods of two voltages coincide, the regulator generates an enabling signal for the bidirectional switch using
the exchange logic shown in Fig.3.

de bus voltage and MPPT control in islanded mode

Without PV | Ifdf_).IEI
N : '

el PI

: " dad
PWM

generaror
S5 Se

e

'}

Fig 4: For bi-directional dc-dc converters, a combined control technique is used.
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C.BDDC CONTROL

Using a PI regulator, the reference current is provided as,
I"(r)=I(r-1)+k v r)-v (r-1)}+ (r)
ev ev pv  eve eve iv eve
(25)

Where V.. is the dc-interface voltage mistake and k., kv are the increases of the proportional integral regulator The
client provides the reference current for releasing the EV battery in the V2G power transfer. It's worth noting that the
V2Gmode's display of reference EV currentis the inverse of the G2V mode. The error in the EV current is now computed
using the reference EV current and the observed EV flows, and the inward PI control produces the bi-directional dc-dc
converter's obligation pattern. The obligation cycle is calculated as follows:

dir)=d(r-1)+k {I (r)-1 (r-1k vV () (26)

In any instance, tlee dc-connectaioltage is aimede¢owards a present voltage (V dc*=360V) without the PV exhibit (V2H),
as shown in Fig. 4. In this case, too, a fell PI controller is used, with the exterior circle controlling the dc-interface
voltage and the inner circle controlling the EV charging/releasing current. The exterior circle's statement is as follows:

I(r)=I(r-1)+k { -V (r-D}+k V (n
ev ev pd de de id de
(27)

The voltage error is represented by V4. The profits of the controller, on the other hand, are k,q and k;. calculates the
duty cycle based on the reference and measured current. The PWM generator then provides switching signals to the
converter.

A. STEADY-STATE PERFORMANCE
Fig. 5 (a)- (b) show that the sun powered PV exhibit is creating 3.77kW. Out of 3.77 kW, 0.8kW is taken by the home
load (Pr) and 0.95kW is utilized by the EV for charging

UPF manages the remaining1.91kW in the network. The voltage (Vrv), and home load voltage (V1) of the sun powered
PV exhibit are displayed in Fig. 5(a)- (b). The voltages, flows and powers of the heap and the (THD) In addition, it is
likewise not drawing any receptive force from the grid as legitimized by EV battery are displayed in Fig 5 (c)-(d). The
voltage (vy), current (iy), THD of the grid current (ig) are shown in Fig. 5 (e).

(a) o

signol 10 cyclos, FFT window fnrod: 3 cycles

AT

| A

RAARER)

Fundamental (50Hz) = B.278 , THD= 4.97%

O ikl

50

(c) (d) ()

Fig 5: Steady state execution in GCM, (a)-(b) PV array voltage and home load voltage, (c)-(d) grid voltage and grid current, (e)total hormonic
distortion of grid current.
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A. DYNAMIC EXECUTION OF CHARGER

The islanded technique of the charger is provided to demonstrate the charger's capacity to function autonomously by
employing sun-oriented PV cluster energy for EV charging and household load supply. The family load fluctuates as
the solar powered irradiance changes during the islanded way of activity. As a result, Fig. 6 depicts the charger's
operation under these disturbing effects. At first, the sunlight-based PV cluster charges the EV and feed the family load
as displayed by the negative EV current in Fig. 6(a). Nonetheless, after some time, the sun-oriented PV array age.

(Ppv) becomes zero. Consequently, to take care of the heap uninterruptedly, the EV battery begins releasing, to support
the home burdens, as displayed by the positive battery current (I.,) in Figure 6 (a). This method is referred to as "vehicle
to home." The voltage generated at the PCC (vs) using the charger is shown in Fig. 6 (b). Fig 6(a)-(b)dynamic execution
of battery Notwithstanding, when the sun-oriented irradiance is expanded from 500W/m2 to 1000W/m2, the sun-
based PV cluster age doesn't increment in light of the fact that the regulator expands the reference dc-connect voltage

o]

charger works in grid coupled method either due to the overabundance power age or force shortage. In the two cases,
the charger trades the force with the framework at solidarity power factor. Nonetheless, in framework associated
method additionally, numerous unsettling influences happen during the activity. Subsequently, the charger's constant
activity is necessary in this functioning situation. In GCM, the behaviour under the heap problem is seen in Fig. 7. The
dc- connect voltage is handled by the charger's voltage source converter in lattice associated mode, thus the heap
change only affects the lattice power. The heap is modified in steps here, and the resulting difference in grid power
(Pg) is shown in Fig. 7. (a). As seen in, a drop in load current (ix) causes an increase in grid current (iy), while the PV
exhibit current (Ipy) and the Electric vehicle current (Igzv) do not. Irradiation from the sun is progressively lowered
from 1000W/m2 to 700W/m2, then to 300W/m2, and so on. As a result, the grid power (P,) is now both positive and
negative. Excess energy is sent back into the grid at a rate of 1000W/m2. However, the electricity comes from the grid
at a rate of 300W/m2. At P, = Ok, Fig. 8 depicts the V2G responsive force execution. The grid current (I4) goes from
being trailing to leading when the reference receptive force (Qref) changes from 1kVAR to Minus 1kVAR. Dc-interface
voltage (Vqc) is also unaffected. The charger's symphonies pay and PCC voltage remedy capacity are shown in Fig. 9.
Without harmonic moderation, the grid current (4 ) is identical to the home current (i) in Fig. 9. Nonetheless, the grid
current (iy) is seen to acquire a sinusoidal get-togethers remuneration. In Fig. 9, the current (is) of VSC is shown.
Additionally, owing to remuneration, the PCC voltage (vy) profile seems to be active After synchronisation, Fig. 10
illustrates the presentation of mode swapping control and empowering signal (E) age. The charger is spontaneously
switching modes between islanded and grid connected modes, as seen in Fig. 10.
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Fig.10. syncing, method shifting, and signals generation
without influencing the capacity to the family load. In addition, during the association with/detaching from the lattice,
the framework current (i) is smooth.

Fig.11 Study of Proportional Integral, Sliding Mode Control, and ANFIS controllers for DC-link voltage control Fig. 11
shows the dc-connect voltage (V) guideline ability of the Proportional Integral regulator and Sliding Mode Control
and ANFIS on the progression variation of 50V in ref dc-connect voltage (V* ). From Fig. 11, the ANFIS is quicker in
managing the dc-interface voltage as thought about the SMC and PI control. Since the PV exhibit MPP activity relies
upon the dc-inteface voltage guideline at MPP voltage; the Photovoltaic module doesn't work at MPP because of the
consistent state error in Proportional Integral regulator. Additionally, it likewise changes under the unexpected change
in Electric vehicle current. Be that as it may, with SMC, the consistent state error is consistently zero and it additionally
doesn't change with EV current change. In this manner, it generally works at MPP.

5. CONCLUSION

With the use of Insulated Gate Bipolar Transistor switch mode converters, a photovoltaic model, an electric vehicle
charger, and a control system, an interconnected battery with a photovoltaic system, home load, and grid has been
developed, with test results confirming continuous vehicle charging and home supply in both standalone and GCM
modes of operation. Based on the outcome of these tests, this battery seems to be capable of charging electric vehicles,
providing load requirements, and ensuring electric grid reliability. Vehicle-to-home function with less than 5% voltage
THD and standalone performance with a photovoltaic system have also been shown. The testresults show thatutilizing
the ANFIS controller, a seamless transition from standalone to GCM and vice versa is possible.
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