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OPTIMIZING ELECTRIC VEHICLE CHARGING STATIONS WITH

ANFIS-CONTROLLED VIENNA RECTIFIER
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ABSTRACT

This project introduces a Vienna rectifier for Electric Vehicle Charging Stations, employing
an Adaptive Neuro-Fuzzy Inference System (ANFIS) controller. The voltage-oriented control
strategy, featuring an inherent current control loop, guarantees excellent steady-state
performance and rapid transient response. The Voltage-Oriented Control of the Vienna
rectifier with an ANFIS controller (VOC-VR) is simulated using MATLAB/Simulink
software, demonstrating its efficacy in enhancing the performance of the charging system.
The proposed approach showcases the capability to achieve optimal and responsive control,
ensuring efficient charging operations for electric vehicles.

Key Words: Front-end converters, high power applications, power factor, total harmonic
distortion, Vienna rectifier, voltage oriented controller.

I INTRODUCTION

converters, achieving an accurate linear
mathematical model for the system required by
the PI controller can be challenging. Moreover,
PI controllers often face difficulties in handling
parameter variations, nonlinearity, and load
disturbances. Various control methods are
employed in AC to DC converters for high-
power applications like welding power sources
and EV charging stations. Popular power
controllers for EV charging stations include
power factor correction controllers (PFC), direct
power controllers (DPC), voltage-oriented
controllers (VOC), voltage-oriented controller-
based Vienna rectifier (VOC-VR) with Adaptive
Neuro-Fuzzy Inference  System  (ANFIS)
controller, and their combination DPC-SVM.
Voltage-oriented controllers are commonly used
for power factor correction in active front-end
converters. This article proposes a novel

AC to DC converters with regulated DC output
voltage are essential front-end components in
various applications, including electric vehicle
(EV) chargers, telecommunication systems,
welding power sources, data centers, and motor
drives. The demand for power in EV charging
stations and welding power sources is notably
high, necessitating converters with higher
voltage and current ratings compared to
applications  like motor traction. The
unidirectional boost rectifier, known as the
Vienna rectifier, is favored for its topological
advantages, such as high efficiency, high power-
to-weight ratio, low total harmonic distortion in
line current, unity power factor at the grid, and
compact filter size. In recent years, the controller
unit has become the focal point of power
electronics  systems, undergoing intensive
research. While proportional-integral ~ (PI)
controllers are commonly used in power
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design for an EV charging system, incorporating
a Vvoltage-oriented controller with a Vienna
rectifier and ANFIS controller (VOC-VR). The
hybrid control structure integrates a voltage-
oriented controller with an ANFIS controller
specifically tailored for the Vienna rectifier,
addressing the requirements of high-power
applications. Previous designs of AC/DC
converters for high-power applications often
utilized hybrid controllers with conventional
three-phase controlled rectifiers.

FIGURE 1. The proposed electric vehicle
charger is based on Vienna rectifier with a
VOC controller (VOC-VR) system.

which requires input and output filters
with high rating to mitigate the input
current THD [13], [14]. This led to
reduced efficiency and power density of
the system. To address this issue, a novel
design of integrating Vienna rectifier with
a VOC and ANFIS controller for high
power applications is proposed. THD is
reduced to less than 5%, which satisfies the
IEEE-519 standard. The proposed novel
design outperforms existing AC/DC power
converters for high power applications by
significantly reducing the input current
THD and increasing the power density.
Using Vienna rectifier, transient stability is
improved, and for an output voltage of 650
V/ 90 A, the THD is reduced to less than
5%, which satisfies the IEEE-519
standard.

The proposed novel design outperforms
existing AC/DC power converters for high
power applications by significantly
reducing the input current THD and
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increasing the power density.

FIGURE 2. Four modes of operation of
Vienna rectifier topology

Il VIENNA RECTIFIER

The Vienna rectifier topology includes six
active semiconductor switches, either
MOSFET or IGBT, and six diodes. The
three-phase three-level Vienna rectifier
topology is shown in Fig. 1. The voltage
stress on each diode and semiconductor
switches is Vdc/2. Three inductors on the
input AC side and two capacitors are
parallely connected on the DC side. The
neutral point of the grid is associated with
the neutral point of the DC link. Fig. 2
shows the operation of the three-level
Vienna rectifier for the current path of one
leg at each mode. The remaining two legs
perform the same operation with a 120
phase difference.

In mode 1, when a reference voltage is a
positive half cycle and controlled switches
(IGBTS/IMOSFETS) are OFF, the diode D1
conducts. During this time, the current
flows through Va-Ls-Rs-D1-C1 as shown
in Fig. 2(a). In mode 2 operation, when a
reference voltage is positive half cycle
with a 120° phase difference. 1n mode 1,
when a reference voltage 1s a posltlve
half cycle and controlled swltches
(1GBTs/MOSFETSs) are OFF, the dlode
D1 conducts. Durlng thls tlme, the
current flows through Va-1s-Rs-D1-C1 as
shown 1n Flg. 2(a). 1n mode 2 operatlon,
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when a reference voltage 1s posltlve half
cycle wilth controlled switches are ON,
swltches S1S2 conducts and current flows
through Va-1s-Rs-S1-S2 as shown 1n F1g.
2(b). 1n mode 3 operatlons, when a
reference voltage 1s negatlve half cycle
wlth controlled swltches are ON,
swltches S1S2 conducts and the current
flows through S1-S2-Rs-Ls-Va as shown
in Fig. 2(c). In mode 4 operation, when a
reference voltage is negative half cycle
with controlled switches are OFF, the
current flows through C2-D2-Rs-Ls-Va as
shown in Fig. 2(d).

Vienna Rectifier is applicable for high
power applications such as welding
power sources, wind energy conversion
systems, electric vehicle charging
stations, and telecommunication power
sources. Different power controllers have
been used in Vienna Rectifier for high
power applications, such as vector
controller, SVPWM controller,
predictive controller, and dead-beat
controller. The different types of
intelligent controllers have been
combined with conventional controllers
to improve the stability of the system,
which increases the complexity of the
system. The proposed system consists of
Voltage Oriented Controller for Vienna
Rectifier with ANFIS controller (VOC-
VR). The proposed system reduces the
harmonics in the input source current,
improves the power factor at the grid side,
and improves the stability of the system.

Il VOLTAGE-ORIENTED
CONTROLLER

The operatlon of AC to DC power
converters strongly depends on the
1mplemented control structure. The
operatlon of a  voltage-orlented
controller 1s based on dual vector current
controllers (DVCC). Voltage-orlented
control 1s used to mltlgate the
followlng problem: Output DC voltage
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ripples, Total harmonlcs distortlon 1n
the lnput current, 1nput power factor at
the grld slde.

The voltage-orlented controller conslsts
of a voltage controller and a current
controller. The current  control
algorlthm has two 1ndependent current
controllers, whlch w11l work 1n the
posltlve and negatlve synchronous
reference frames (SRF). The posltlve SRF
1s used to control the posltlve current
component, whilch rotates 1n a clockwlse
dlrectlon, whereas the negatlve SRF 1s
used to control the negatlve current
component, whlch rotates 1n the opposlte
dlrectlon. Since the currents occur as DC
values 1n thelr frame 1n SRF, a tracklng
controller does not need to be bullt. Due
to thls advantage, the ANF1S controller
1s adequate to solve the problems above.
The root of VOC approach 1s the fleld-
orlented controller (FOC) for 1nductlon
motors, whlch offers fast and dynamlc
responses uslng current controller loops.
The VOC technlque used for power
electronlc converters has been wldely
known 1n 1ts theoretlcal aspects. The
pulse wldth modulatlon approach 1s
added to the control system to 1mprove
the features of the VOC system. The
mlnlmlzatlon of Interference
(dlsturbance) can be done by uslng the
VOC technlque. By applylng hysteresls
Pulse W1dth Modulatlon (PWM)
technlque, the system performance has
Improved. The varlable swiltchlng
frequency of the power converters ralses
the stress 1n power swltchlng, resultlng
1n large 1nput and output f1lters.
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FIGURE 3. The control structure
of voltage-oriented controller with PWM
technique

The proposed approach applles the VOC
technology for regulatlng the charglng
mechanlsm  wlth  reduced current
harmonlcs 1n the grld, as shown 1n Flg.
3. The voltage orlented controller
primarlly works 1n the two-phase af0
and dg0 domalns where Clark and Park
transformatlon matrlces are
1mplemented, as shown 1n equatlons (1)
and (2), respectlvely.

1

1 -1 1
Vsa 2 2 Vsa
VsB =\E|o s 5 [Vsb
[740) 1 1 1 Vsc
7z 7 =
1)
[Vd]_[ sinf cos@ [VSOC
Vql l—cos® singl|[Vsp
(2)
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FIGURE 4. Overall domain transformation
sequences involved in the voltage-oriented
controller technique.
where, Vsa, Vsh, Vsc are the three-phase
source voltages in the ABC domain, Vsa,
VsB, VO, Vd, Vq are the source voltages in
the apf0 and dq0 domains, and 0 is the
operating phase of the power system. A
similar transformation approach is applied
to convert the three-phase source current
iSabc as shown in Fig. 3. AC side control
variables become the DC signals by
modifying the transformation technique.
The ANFIS controllers easily eliminate
steady-state errors according to the

following approaches [13]:

Vd,ref=Kp (iSd,ref —iSd) +
Ki(iSd,ref —iSd)dt (3)

Vq,ref=Kp (iSq,ref —iSq) +
Ki(iSq,ref —iSq)dt  (4)

Kp and Ki = ANFIS controller gains

iSd and iSq = input current in the dg0
domain,

iSd,ref and iSq,ref = reference signals for
iSd and 1Sq

By applying an inverse park
transformation, the operation of the Vienna
rectifier has been controlled, as shown in
Eg. (5); after obtaining the reference
voltage Vd,ref and Vq,ref which is used to
derive the gate switching pulses Sabc. The
VOC operation involving the overall



(m INTERNATIONAL JOURNAL OF APPLIED
) SCIENCE ENGINEERING AND MANAGEMENT

domain  transformation  process s
summarized in Fig. 4.

[Va,ref _
VB ref
[sin 6 —cos 9] [Vd, ref

: (5)
cosf@ sin@ 1|Vq,ref
The transformation consists of Park’s
transformations and Clarke’s
transformation. Clarke’s transformation is
used to convert the three-phase quantities
(phases A, B, C) into the two-phase
stationary quantities (o and ). The Park’s
transformation converts stationary two-
phase (o and ) into the rotating reference
frame (d and q). Similarly, using the
inverse park’s transformation technique,
the rotating reference frame (d and q) has
been converted into a stationary reference
frame (o and ). Furthermore, the
Stationary Reference frame is converted
into a three-phase AC system using
inverse Clarke’s transformation technique.

IV Adaptive Neural based Fuzzy
Inference System

Adaptive Neural Fuzzy Inference System
(ANFIS) is Fuzzy Sugeno model put in the
framework to facilitate learning and
adaption procedure. Basic architecture of
ANFIS that has two inputs x and y and one
output f. This model can be selected based
on the fuzzy rules framed by either using
the subtractive clustering technique or the
grid partitioning technique with each input
having three membership functions and
Similarly, the 25 rules which are obtained
from the clustering or grid partition based
method are updated by neural network
which uses back propagation learning
method with gradient descent algorithm.
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Table.1: variable selection process for a
four input initial model

Error/cha ([N [N |Z|P [P
nge in|B B
error
NB PI|P |P|Z |Z
B |B
N P I|P |Z|Z |Z
Z Z |Z|Z|Z |Z
P Z |Z |Z|N [N
PB N [N |NIN |N
B |B
Where N = Negative
P = Positive
Z = Zero
PB = Positive Big
NB =Negative Big
V METHODOLOGY:

The proposed V1enna rectlfler wlth VOC
controller (VOC-VR) 1s a three-phase
three-level  rectlfler, whlch 1s
controlled by the voltage-orlented
controller algorlthm. The proposed
system 1ncludes a three-phase AC system,
a Vlenna rectlfler controlled by a VOC
algorlthm, and a DC 1lnk capacltor.
Feedback voltage from the EV’s load-
slde battery 1s generated uslng current
and voltage controllers for the closed-
loop operatlons. The VOC controller
performs two maln functlons: (1) DC
output voltage regulatlon to a
predetermlned value, and (2) the
regulatlon of the total lnput harmonlc
distortlon and malntalnlng 1n phase
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wlth the voltage to provlde unlty power
factor. The proposed VOC-VR system 1s
shown 1n Flg. 5.

o
Dx @O @p[TY
- L [ o » 17
% flr=
| g okl |
) s+
1 e @)= (3
l |9 I
K 2 o A= CE——CE—
[}
,.,m"

FIGURE 6. Overall Circuit
Configuration of the proposed VOC-VR
system
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FIGURE 7. The control circuit of
the decoupled controller for the voltage-
oriented controller technique.

The de-coupler controller 1s the key

feature of the proposed VOC control

1SSN2454-9940
www.ijsem.org
Vol 15, Issuse .1 Jan 2024

algorlthm, as shown 1n F1g. 6. Three
ANF1S controllers were used 1n the
proposed control clrcult. The first
ANF1S controller 1s a current controller
that controls the 1nternal loop of 1d
current component. Thls controller 1s
used to estlmate the reference voltage
slgnal vd_ref by mlnimlzing the error
between 1d wlth 1d ref . Second ANF1S
controller 1s also called a P1 current
controller, whlch reduces 1q current
component to 0 by managlng the 1nner
loop of 1q a current component whlch 1s
used to estlmate the voltage reference
voltage slgnal vqg_ref . Thlrd ANF1S
controller 1s a voltage controller, whlch
1s used to manage the output 1oop of DC-
11nk voltage Vdc. Thls controller 1s
used to estlmate reference current slgnal
1d_ref by comparlng measured Vdc wilth
1ts pre-determlned reference voltage
vd_ref . The voltage-orlented controller
must transform 1nput from three-phase
current and decouple 1nto actlve 1d and
reactlve 1g components, respectlvely.
Regulatlng the decoupled actlve and the
reactlve components mlnlmlzes errors
between requlred reference  and
calculated values of the actlve and
reactlve components. The DC 1lnk
voltage control method controls the
actlve current component 1d whilch alms
to achleve an actlve power flow balance
1n the systems wh1lle the reactlve current
component 1g 1s controlled to 0 to
provlde a unlty power factor at the 1nput
slde. The characterlstlcs of two ANF1S
current controllers and ANF1S voltage
controllers are glven 1n equatlon (6)-
equatlon (8) [13].

Vdyer = Vg + 2nfLgiy —
(Kp1(id,o; — ig)+Kilf (id,o; — iy)dt)
(6)

VQrer = Vg — 2nfLsig — (Kp2(0 —
i,)+Ki2[(0 —i,)dt) (7)
idref =
Kp3(Vdc,or — V) +Ki3[ (Vdc,or —
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Vac)dt) (8)

Kpl, KilKp2, Ki2Kp3, Ki3 = gain values
ANFIS current controller Ls = source
inductance.

The switching frequency for the current
control loop will be larger than the
bandwidth oi,

a; < 2m= 9)
Kp1 = Kp2 = a;Lg (10)
Kii = Kip = ;R (11)

where, ai (rad/s) = current controller
bandwidth. For the voltage control loop,
the ANFIS controller is tuned by using a
DC link capacitor as the following:

Kp3 > Cdclgw and Ki3 = Cdclfa)/Z
(11)
where damping factor & is equal to 0.707
and o is angular frequency. Using initial
values, tuning and modifications are made,
which strengthens the proposed charging
technique.

VI SIMULATION RESULTS

This section presents the simulation results
of a VOC-based Vienna rectifier circuit.
The performance of the proposed
controller for high-power applications that
require  600V/100A DC output is
evaluated. Vienna rectifier with VOC
controller has been simulated in MATLAB
Simulink, and results are shown in Fig. 7
and Fig. 8. The input-current waveforms
are shown in Fig. 7. The input-current
harmonics for Vienna rectifier without a
VVOC controller and with a VOC controller
are shown in Fig. 8 (a) and (b),
respectively. From Fig. 7 and Fig. 8, it can
be seen that the proposed control technique
ensures THD of the input current is less
than 2.10%, and the system maintains the
unity power factor at the source side.
Therefore, the proposed VOC-VR system
has been proven to be applicable for high
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power applications with reduced total
harmonic distortion to the connected grid.

However, the output voltage of the PFC
controller with the Vienna rectifier was
around 200V, which cannot be used for
high power applications such as DC fast
chargers for electric vehicles and welding
power sources. Hence, voltage-oriented
controller with the PWM method for
Vienna rectifier gives better performance
than the previous work.

Figure 8: Input current waveform of
the proposed VOC-VR system with 440 V
RMS



(m INTERNATIONAL JOURNAL OF APPLIED
) SCIENCE ENGINEERING AND MANAGEMENT

Senced Synat B0 cythes. FRT window (e red 18 oytes

Fungamwetal |00} » TTTE . THD» 2.50%

Figure 9: Total harmonic distortion of
the proposed VOC-VR system with 440 V
RMS
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Figure 10: DC output voltage of the
Vienna rectifier with VOC controller with
350 V AC RMS input

Figure 11: DC output current of the

1SSN2454-9940
www.ijsem.org
Vol 15, Issuse .1 Jan 2024

Vienna rectifier with VOC controller with
350 V AC RMS input

Fig 9. Shows that the proposed system can
maintain the DC output voltage at an
optimal level of 650V. The results from
this system also show that DC current has
been maintained approximately at 90A,
which can be used for EV fast charging
and welding applications [13]. By scaling
down the proposed system and optimizing
ANFIS parameters in the VOC controller,
the rectifier can be used for slow charging
scenarios (250 V/40 A output) as shown in
Fig. 9 whereas, the Vienna rectifier with
PFC controller can maintain the DC
voltage up to 200 V with 16.5 A. As a
consequence, the Vienna rectifier with a
PFC controller can only be used for slow
charging applications (Level 1 charging).
The transient analysis has been performed
by studying the system performance in the
case of an instantaneous increase in the
load by a factor of 2. The DC output
voltage during the transient condition is
shown in Fig. 10.

VII CONCLUSION

A Three-level Vienna rectifier based on a
ANFIS controller has been designed and
simulated. Uslng MAT1AB Slmullnk
software targetlng hlgh power
appllcatlons such as DC-fast chargers for
electrlc vehlcles. Thls focuses on
comblnlng voltage-orlented controllers
wlth the PWM method. The reactlve and
unstable actlve currents are counteracted
by the 1nput and output fllters and
ANF1S wilth Vlenna rectlfler. The
proposed deslgn also guarantees a
slnusoldal current at the 1nput slde wlth
minlmum rlpples and dlstortlons. The
systems power factor 1s malntalned at
unlty, and total harmonlc dlstortlon of
the 1nput current 1s kept less than 5 %,
whlch meets the 1EEE-519 standard. The
beneflt of the proposed controller over
conventlonal PFC controller has been
demonstrated by slmulatlons and
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experlmental results. low THD, good
power factor, and smaller flltering
requlrements make the voltage-orlented
controller-based Vl1enna rectlfler an
ldeal candldate 1n electrlc vehlcle
charglng statlons.
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