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Abstract- A novel DC bus voltage estimation algorithm with
inherent cancellation of feedback voltage ripple is presented in
this work. Design issues are discussed and simulation results are
presented. Apart from reduction of output voltage sensor, the
proposed estimation algorithm also eliminates twice the line
frequency ripple from the feedback path allowing a voltage
controller bandwidth comparable to line frequency, suitable for
most front-end Power Factor Corrected (PFC) Converter
applications.

I. INTRODUCTION

AC-DC Boost PFC converters have found wide applications
as front-end power factor correctors as they can be easily
designed to comply with stringent power quality regulations.
The conventional active wave shaping technique employed
by the PFC converters requires sensors for input voltage,
input current and output voltage for regulating DC bus
voltage at unity input power factor.
However, physical and economic constrains restrict the
number of sensors in converter systems. Besides obvious
economic benefits offered by sensor reduction, it has several
other advantages such as elimination of sensor offsets,
insensitivity to noise, size reduction of converter system etc.
A number of techniques have been proposed to eliminate
current and voltage sensors in the PFC converters [1-5].
While current estimation presents a challenge due to its fast
dynamics as well as protection issues, voltage sensor
reduction can be very much feasible due to slow voltage
dynamics.
A simple algorithm for DC bus voltage as well as input
voltage estimation and an analog circuit, presented in [4,5],
offers important insight into DC bus voltage estimation.
Estimation techniques for the DC bus voltage are sensitive to
parameters such as inductance and equivalent resistance of
the inductor. While inductance can be easily estimated or
measured, estimation of inductor resistance challenges these
techniques, as it is difficult to measure or estimate the
resistance due to its AC component. Moreover, the voltage
regulator has to be designed with low bandwidth as ripple
component of DC voltage is inadvertently estimated. Besides
large number of sensors, PFC converters also require
filtering of twice the line frequency ripple on the DC bus
voltage feedback path. Presence of this twice the line
frequency ripple on DC bus voltage and its subsequent
propagation into feedback signal results in significant
distortion of input current reference leading to high total

harmonic distortion in the input current [6]. Conventional
design of voltage loop controller therefore requires filtering
the low frequency ripple in the feedback path, thereby
reducing the voltage regulation bandwidth to 10-20 Hz [6].
This low bandwidth design leads to slow voltage regulation
with transients lasting for several line cycles.
In this work, a robust DC bus voltage estimation algorithm to
address both the issues is proposed for a single-phase boost
rectifier topology (Fig. 1). Modeling and digital simulation
of the proposed voltage sensorless boost PFC converter with
inherent feedback ripple rejection is carried out. The
simulation results demonstrate robustness of proposed
converter system under varying load and line conditions.
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Fig. 1 Proposed single-phase boost PFC converter system with dc bus
voltage estimator

II. CONTROLLER DESIGN

In this section the estimation algorithm is systematically
derived using mathematical model of boost PFC converter. A
digital voltage loop regulator is then designed using the
proposed voltage estimator.

A. Modeling of Boost PFC Converter
Dynamics of Boost PFC converter topology is modeled using
two first-order differential equations corresponding to two
state variables, inductor current iL and DC bus capacitor
voltage v0 for each mode of operation.
Fig. 2a shows circuit configuration when switch S is ON

Ls

Fig. 2 a Boost PFC converter in operating Mode I
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Dynamics of Boost PFC converter under this operating mode
is governed by the following differential equations.
piL=(Vd-RLiL)/Ls (1)
pvo = - I o /C d (2)
Where p is the differential operator (d/dt). RL is the
resistance of the inductor Ls, vd is the rectified line voltage at
diode rectifier output. Io is the output current, Cd is the output
capacitance and v0 is the output voltage
Fig 2 b shows the configuration of the converter when switch
S is OFF corresponding to Mode II of converter operation.
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Vd

Fig. 2 b Boost PFC converter in operating Mode II

Dynamics of Boost PFC converter under this operating mode
is described by the following differential equations.
piL =(vd- v0- RL iL) / Ls (3)
pvo =(iD- Io)/Q (4)
Where iD is the diode current

B. Voltage estimation algorithm
DC bus voltage at any instant is estimated from instantaneous
values of output voltage voand inductor current i^
Rearranging eqn (3) to get the voterm
v0 = vd -Ls piL - RL 1L (5)
In discrete form eqn (5) can be represented as
v0 = vd - Ls AI/AT -RL iL (6)
Here AT is the sampling time of current
This output voltage v0 comprises of averaged component Vo

and ripple component vrjP as
Vo = Vo+v r ip (7)
Where

3 = -Io sin(4 7i fL t) / 4 n fL Cd (8)
Here fL is line frequency
An estimate of DC bus voltage in continuous and discrete
form can be obtained from eqs (5) and (6). Investigation of
these equations reveals that the estimated DC bus voltage
will have the ripple component and accurate estimation or
measurement of inductance (Ls) and inductor resistance (RL)
will be required for precise estimation of DC bus voltage.
While inductance can be readily measured or estimated,
presence of resistive voltage drop across the inductor
presents a challenge as it involves AC as well as DC
resistance of the inductor. It is therefore desirable to
eliminate this parameter from the estimation equation to
simplify estimation and enhance robustness of the estimator.
Study of ripple component on DC bus voltage (eqn 8) reveals
that ripple is synchronized with line voltage during unity
power factor operation [7,8]. Therefore estimation of DC bus
voltage, synchronized with zero crossing of line
voltage/current, will provide ripple averaged component of
the output voltage as well as eliminate input voltage and
inductor resistance from the estimation algorithm. Besides
this, a voltage regulation bandwidth of lOOHz obtained by

this method provides a better voltage regulation than most
popular PFC in the market [6].
Based on this study further reduction of eqs (5) and (6) is
carried out with sampling synchronized with zero crossing of
line voltage and current.
vo = -L s P iL (9)
In discrete form eqn (9) can be represented as
v o = - L s AI/AT (10)
From eqn (10) the estimation algorithm is proposed as
y e s t=K s ( I n - I ( n . 1 ) ) /AT' (11)
'Sampled/calculated at voltage zero crossing when S is OFF.
Where Vcst is estimated ripple averaged DC bus voltage, Ks

is a constant scaling factor depending upon sampling interval
and inductance. In and I(n.i) are the values of current at the nth

and (n-l) th sampling instants respectively.

C. DC voltage controller
PI voltage controller is selected for voltage loop for zero
error DC bus voltage regulation. The DC voltage vesl is
estimated and compared with set reference voltage v0 . The
resulting voltage error ve(n) at the nth sampling instant is
Ve(n)=V0*-Vest(n) (12)

Output of PI voltage regulator vPi(n) at n* sampling instant is
Vpi(n)= Vpi^D+KplVefn) -Ve(n.i)}+Ki Ve(n) (13)
where Kp and K; are the proportional and integral gain
constants. ve(n.i) is the error at the (n-l) lh sampling instant.
The output of the controller vP] (n) after limiting to a safe
permissible value is taken as amplitude of reference supply
current.

III.RESULTS AND DISCUSSIONS

Digital simulation of the proposed converter system is
carried out under varying line and load conditions for a lkW
boost PFC converter to establish the robustness of the
estimation scheme. While any current control methods can
be used, a PWM current controller is used for this study.
Circuit and controller parameters are provided in Table I.
Dynamics of PFC converter is evaluated under step variation
of the load from 0.16 pu to 1 pu, common in power supply
applications and also abrupt variations in line voltage from

Table I Specifications of proposed converter
Converter Parameters
Power Rating
Input Voltage
Output Voltage

• PWM Frequency
Ls

C

lkW
220Vac
400V
20kHz
2 m H
2200 uF

PI Voltage Regulator
KP

K,
0.57
0.35

PI Current Regulator
KP

K,
0.06
0.005
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Dynamic characteristics of the converter (Fig. 3a) shows
excellent performance under varying load and line conditions
made possible by robust estimation of DC bus voltage.
Consistent performance under severe line and load variations
demonstrates the usefulness of the proposed system for a
variety of power supply applications. DC bus voltage vo and
estimated voltage Ves, is during transient condition is shown
in Fig. 3 b. It can be clearly seen that a robust and accurate
estimation is provided even during transient conditions. The
delay in actual voltage and estimated voltage corresponds to
100 Hz bandwidth of voltage regulator.

IV. CONCLUSION
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Fig. 3 a Dynamics of Proposed Boost PFC Converter. Isiwiy and Vsuppiy
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Fig. 3 b DC Bus Voltage Estimation during Transients

Spectral analysis of the input current under steady state
shows a THD of 1.3%, which is well below the requirement
stipulated by the standards. A very small 3rd harmonic
component in the input current is ensured by excellent
cancellation of voltage ripple on the DC link voltage using
the proposed technique.

A novel DC bus voltage sensorless boost PFC converter is
described and modeled in this work. Key features of the
proposed control including robust estimation, improved
voltage regulation and simple implementation are
highlighted. This voltage estimation algorithm can easily be
executed in digital processors, which are increasingly being
used for control in PFC converters. Further work includes
experimental verification of proposed algorithm using digital
signal processor and integration of proposed converter
system in medium power supply applications.
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