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a  b  s  t  r  a  c  t

This  paper  presents  a design  and  a real  time  application  of an  efficient  adaptive  neural-fuzzy  inference
system  based  voltage  controller  for a single-phase  boost  unity  active  power  factor  correction  in  order
to  improve  its performances.  Basically,  the  adaptive  neural-fuzzy  inference  system  is  a combination  of
fuzzy  logic  and  artificial  neural  network  techniques.  The  proposed  control  improves  the  DC bus  voltage
loop  and  presents  a good  capacity  to  track  the  voltage  reference  point  under  a  fast  variation  of  the  load
with less  fluctuation  in the  steady  state.  The  adaptive  neural-fuzzy  inference  system  training  datasets
are extracted  from  the  fuzzy  logic  controller  model  developed  in  MATLAB  Simulink  and  its robustness
has  been  verified  experimentally  under  different  measurement  noises  and  disturbances.  This  technique
presents  good  performances  comparing  with  others  approaches  in  terms  of  total  harmonic  distortion,
power  factor,  the  response  time  and  the  accuracy  in the  steady  state  under  different  parameters  variation,
non-linearity  and  the  load  change  effect.

© 2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Nowadays, electrical quality has become a strategic issue for
power companies, customers, maintenance or management sector
and industrial sites, and equipment manufacturers [1–3], essen-
tially for the following reasons:

• The economic need to increase competitiveness for companies.
• The generalisation of equipment sensitive to voltage disturbances

and/or themselves-perturbing.
• The opening of the electricity market.

DC voltage power supplies are extensively used in industrial and
domestics applications [4–6]. Generally, diodes rectifiers are the
most commonly used for this purpose because of their simplicity,
robustness, low cost and basic architecture. However, recently the
large utilisation of power supply based on diodes rectifiers caused
an increase of problems in the electrical distribution network due
to power quality degradation [7]. Especially the diode rectifier has
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a high line current waveform distortion (THD) with an important
reactive power demand and a poor power factor.

Many solutions are proposed to overcome the problems caused
by degradation of the power quality in the electrical distribution
network. Active power factor correction technique based on boost
converter is one of the solutions most suitable for single phase
application. Because it has many advantages such as:

• Input current almost sinusoidal with a very low distortion.
• Almost unit power factor.
• Controlled DC bus voltage.

The AC–DC converters are base elements in modern power
supplies. Indeed, they are used in different applications from few
watts like phones charger to high power like electric welding [8].
Although an active APFC conditioner is more expensive than a
diode rectifier, but it is the most adequate solution for single phase
applications against problems related to power quality degrada-
tion. The active power factor correction (APFC) conditioner shown
in Fig. 1 is the simplest, cheapest architecture and control versus
other structure [9,10]. The APFC has two control loops with two
main objectives: Keeping the current in the boost inductor follow-
ing an internal sinusoidal reference and the regulated output dc
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Fig. 1. Power factor corrector structure.

voltage tracks its desired reference with a short transient time and
a good rejection of disturbances [11,12].

Conventionally, proportional integral and derivative (PID) con-
troller is the most used for controlling power converters [8,12,13].
This controller is based on system modelling and linearisation
techniques around a nominal point. PID controller gets very good
performances with a non-variant system in time, however, any
parameter variation causes a change in system transfer func-
tion and then PID controller fails to give satisfactory performance
[14–16]. To overcome these problems, many techniques were
introduced. One of these techniques is the artificial intelligence,
which is used to design an efficient and robust controller to
improve the control scheme against non-linearity and parameters
variation in time. Among these intelligent controllers, fuzzy logic
control algorithm [8,17,18], multi-layer neural network architec-
ture MLP  [8,19] and hybrid fuzzy-neural controller are the most
used. Recently, neural network and fuzzy logic have become widely
used in power electronics converters [20,21]. The integration of the
fuzzy logic power with the learning capabilities of neural networks
makes an effective control system [3,22,23]. Several works used
adaptive neural fuzzy inference system (ANFIS) in the diagnosis
and the control of complex and nonlinear systems due to its robust-
ness, ability to adapt to any change in the system and its capability
to process a large number of noisy inputs and outputs.

ANFIS is one of the most used artificial intelligent algorithms
which combines the advantages of artificial neural network and
fuzzy logic theory [24]. The coupling between fuzzy logic and neu-
ral networks allows the construction of neural fuzzy controllers
that are more robust compared to other controllers using only
fuzzy logic or neural networks. ANFIS control has a major advan-
tage such as being based on black box model and not requiring any
information about the mathematical modelling of the system to
be controlled [24]. To improve the single-phase active APFC con-
ditioner, the ANFIS controller is used in voltage loop to regulate
the capacitor-load voltage to its reference value with a decrease in
the input line current distortion and to have near unit power factor.
The performances of the current waveform, the THD and the power
factor depend heavily on the voltage loop controller because it is
used to generate the reference current [25].

In this paper, design, analysis and real time application of a
DC bus voltage loop ANFIS controller for the single-phase APFC
conditioner with a hysteresis band current controller have been
performed. These controllers are designed and verified with Mat-
lab/Simulink, a conventional fuzzy logic inputs output data are used
to train the ANFIS controller. A DSpace ds1103 controller platform is
used for the experimental validation. The real time performances of
the proposed controller in the steady and transient state have been
compared with a single-phase full-bridge diode rectifier. Finally,
acceptable and satisfactory results have been obtained.

2. APFC boost converter modelling

The basic conception of the single-phase active power factor
converter conditioner power circuit is shown in Fig. 1. This APFC
converter is used to minimise the current related power quality
(PQ) problems. It reduces the current waveform distortion and
achieves a near unity power factor in single-phase application and
it is used to have a regulated output DC voltage across the DC link
capacitor [26,3].

The power circuit is based on a full bridge diode rectifier fol-
lowed by a boost DC–DC converter. When the MOSFET transistor
in the boost converter is on (S = 1), the current start flowing in the
inductor and the inductor stores the energy as a magnetic field, the
diode is blocked and the load is supplied with the energy stored in
the capacitor from the previous cycle [16,25]. In the second opera-
tion mode, the MOSFET is turned off (S = 0) and the load is powered
at the same time from the AC power source and the energy stored
in the inductor together [16,25].

The state space model is presented by Eq. (1) [8,25]:⎧⎪⎨
⎪⎩
C
dv0

dt
= (1 − S)il − i0

L
di

dt
= vin − (1 − S)v0

(1)

where:
C: capacity in farad.
v0: output voltage.
I0 :load current.
vin: is the input voltage.
L: inductance in Henry.
IL: inductance current.
S: is the state of the MOSFET.
To achieve a sinusoidal input current with a low distortion and

in phase with the line voltage, the control algorithm must act so that
input voltage sees the entire converter with its load as a resistive
load [8]. This idea is realised by comparing the sensed current in the
inductor and the reference current derived from input voltage via
phase locked loop PLL and its amplitude is controlled by the output
of the DC voltage controller.

3. Design of an adaptive network-based fuzzy inference
system (ANFIS) controller

Fuzzy logic control and artificial neural networks are the most
popular intelligent controls techniques [24]. Both of them have
some similarities. Fuzzy logic and neural network have the same
objective, both attempts to model the functioning of the human
brain. In both cases, the principle is to store the knowledge to make
a decision order. The combination of these two  techniques is called
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