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BOOST DC/DC CONVERTER CONTROL
"BASED ON FUZZY LOGIC
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Abstract: This paper proposes a fuzzy logic based controller for boost type DC/DC
converter. It forms an improvement to the dynamic performances of the well known Pl
like fuzzy controller which uses the output voltage error & its rate of change as an inputs.

The proposed controller generates a duty ratio control signal through the addition of a
weighted part of the input voltage and of the low pass filtered signal of the inductor
current to that of the fuzzy controller which is fed by voltage error and a signal
representing the differences of the output voltage from its low pass filtered version .

The controlled boost DC/DC converter exhibited excellent performances under small
and larger disturbances of the input voltage and output load resistance and also showed
good reference tracking ability.
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1-Introduction

DC/DC boost converters are used where
there is a need to supply DC loads from
DC sources and the required DC voltages
are higher than those of the DC sources.
They are also used ic interface the battery
storage systems and  ultra capacitors
storage systems with the utility grid.
Functionatly, they play the roles of step up
transformers but in the DC domain which
lacks the existence of such transformers.

The step up transformation facility of
DC/DC boost converter is function of its
power circuit structure and the driving
controller which initiates and controls the
cyclic operating sub topologies of this
power circuit.

The essential role, this converter plays
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in power electronic field, motivated
researchers to study its behavior [1] and
creates an approximate mathematical models
based control approaches [2]. The accuracy
of the mathematical models are limited
because it is difficult to get an accurate
model of DC/DC  boost  converter. This
dilemma has been solved by proposing
fuzzy logic based controllers{3-6].

2.DC/DC boost converter’s power circuit
analysis

The basic structure of the DC/DC boost
converter’s circuit with resistive load is
shown in Fig.1. It comprises an inductor,
transistor switch, diode switch, filtering
capacitor, and load resistance. It is powered
from DC voltage source, Vs.
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Fig.1 : Boost converter power circuit elements

2.1 Power circuit distinct sub
topologies

The cyclic and complementary
switching of the transistor switch and the
diode switch are restricted into one of three
modes. These ‘are: '

Mode 1: The transistor is ON and the diode
is OFF .

Mode 2: The transistor is OFF and the
diode is ON .

Mode 3: The transistor is OFF and the
diode is OFF.

Each of the above mode of operation
“gives raise to aunique circuit topology.
“These unique topologies are shown in
Fig2 and their describing differential
equations can be derived as follows :
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a: i" topology: ( S is ON and D is OFF)
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b: 2* topology: (8 is OFF and D is ON)

|

¢ 3" topology: ( S and D are OFF)
Fig.2: Possible cyclic topologies of boost

converter.
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Vs = rLiL + Ldl[/dt --(l)
~2)

~(3)

diy/dt =- riy/L + Vs/L

ic = -ir

Vo = Ve + Icic

ic=Cdvc/dt

vo = ve + reCdvc/dt

in =vo/R

ir= [vc + rcCdv/dt)/R

Cdve/dt = - [V¢ + reCdvc/dt}/R

dve/dt = -vo/{C( R +1c )} —(4)

Second topology:( S is OFF and D is ON)

i, =ic +ir

ic=CdV/di

vo = (v¢ + Icic)

vo = (v¢ +reCdve/dt)

iy = Cdv/dt + (ve + reCdvc/dt)/R

i, = [C( R+ re)/R]dve/dt + ve/R

dve/dt = [R/{C(R +1c )} iL — [1/{C(R +
| rc)}tive -(5)

Vs =i, + Ldip/dt + vo

Vs = ruip + Ldip/dt + rcCdve/dt + ve

Vg = [+ {rcR/ (R + 1) }Hiv + Ldig/dt
+{1- W(C(R + 1c))}ve
dip/dt= Vg/L — [rp + {rcR/ (R + re) L /L

H1- UCR+ vl ~6)
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Third topology:( S and D are OFF )
This topology is apart of the first

topology and it is defined by equations (3} *

‘and (4) in addition to:

iL:0

-(7)
2.2 Values of the energy storage clements

These elements are represented by the
inductance L and the capacitor C. The value
of the inductance determines the mode of
operation ( continuous or discontinuous
current conduction mode) and the current
ripple ( inductor current ripple). That of the
capacitor determines the output voltage
ripple . So, proper selection of these two
components keep the converter in the
required mode of operation and the ripple
of the input current and output voltage
within the allowable range.

2.2.1 Inductance calculation criteria

Referring to Eq.(1), one can see that
the inductor voltage is slightly less than the
supply voltage (V). Knowing that r,, which
stands for the series resistance of the

inductor wire, is small Vs can be
approximated by:
Vs = LAi /At -—( 8)

Where Ai_ represents the peak of the
input current ripple, At=D,Ts represents
the ON period of the transistor switch S
in term of the duty ratio(D;} and the
switching signal pevied (Ts) .

From Eq.(8), the inductance value that
ensures continuous current mode of
operation should be :

L >VsD; Ts/AiL -9

To get the highest value of the

inductance:

1- The maximum value of VsD; should be
taken. This can be obtained by substituting
the expected input voltage range In
VsDy=V(1-Vs/Vep) and taking the highest.
2. Aiy is taken in term of the required input
ripple (Ai = twice the input current change
during the on time of the transistor). .

M
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2.2.2 Capacitance calculation criteria

The capacitor should be assigned a value
that ensures a pre specified output voltage
ripple range. Eq.(3) states that the
capacitor carries the load current during the
turn on period of the transistor switch. The
The maximum discharge occurs during this
period. The worst case belongs to that with
the lowest input voltage and highest output
drawn power . So the capacitor is:
C >lomaxDimax/(AV*Fs) --(10)
Where Iomax represents the output current
maximum loading, Djmax represents the
duty ratio under minimum input voltage,
AV represents the allowable output voltage
ripple, and Fs is the switching frequency

2.3 The nonlinear behavior of the
DC/DC boost converter

As it is clear from Fig.1, the boost
converter consists of linear elements
represented by the resistor, inductor,
capacitor and nonlinear ones represented
by the switching elements addressed by the
transistor and the diode.

The cyclic and complementary
switching of these nonlinear elements
under the control of pulse width modulation
give raise to cyclic witching of linear
circuit topologies (Fig.2). These linear
circuit topologies lead to nonlinear and
time varying behavior[1].

3., The driving controller
3.1 The driving controller’s functions

The controller is responsible to keep the
converter output voltage equal to that
specified with the reference input. This is
the sound function of the controller, but
must be achieved along with keeping the
input current ripple and the output voltage
ripple within the range of £10% of the
rated load current for the input current
ripple and +0.5% of the nominal voltage
for the voltage ripple [ 2 ].

t
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3.2 Fuzzy logic based controllers in
boost converter environment

The foregoing discussion states that
DC/DC - boost converter is inherently
nonlinear. This  inherent nonlinearity
restricts the validity of the driving

controller based on small signal linearized .

models[3] and recommends the adopting
of nonlinear approaches.

Fuzzy logic based controllers are
nonlinear regulating systems [3-6]. They
are capable of coping with the nonlinear
and time varying behavior of the boost
DC/DC converter because they emulate
the expert operator’s behaviors when
dealifig ‘with such systems. The expert may
or may not be aware of what is going
inside the system, he or she is driving. The

decisions taken by the expert are extracted .

from his or her own accumulated historical
experience. ‘In fact, this is the’ way, the
fuzzy logic based controllers drive their
assigned processes .

4. Design of the controlled boost system

The block diagram representation of the
boost converter & its proposed controller is
shown in Fig.(3 ). It consists of two parts,
namely the power circuit & the controller.

The power circuit acts as an interface
between the DC input voltage source and
the DC load.

The controller controls the energy flow
through the power circuit in such away that
keeps the load voiiage, input current ripple
and the output voltage ripple as desired
irrespective of the input supply voltage or
load resistance variation.

4.1 Power circuit design
4.1.1 System requirements

The system under consideration is
intended to achieve the following design
requirements:

Input voltage = 28 = 25% (V)
QOutput voltage =50V
Nominal load resistance =10€
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Max: input current ripple <10% of the
nominal load current

Max. output voltage ripple <0. 5% of the
rated output voltage.

Switching frequency—IOOkHz

4.1.2 Selected components

To achieve the above requirements and
depending upon Eq.(9) and Eq.(10), the
required energy storage elements are
recommended to be :

L>135pH

C> 360uF
r.has been assumed to be 0.005Q
rc has been assumed to be 0Q2

4.2 Controller design
4.2.1 The architectures of the proposed
controllers

As it is clear from Fig3, the
proposed controller solves the control
requirements by generating switching
command composed of three parts
represented by:

1- The output of a PI like fuzzy controller:
The fuzzy controller has been supplied
with the output voltage error and a signal
derived from the subtraction of the output
voltage from its low pass filtered version
to reflect the rate of change of the output
voltage error. The main target of this part is
to keep the converter output voltage
equal to that of the reference.

2- Weighted part of the low pass filtered
inductor current: it acts as a damper during
the sudden ‘changes of the load resistance
and input voltage level. -

3- Weighted part of the input vo]tage This
is to add an extra damping during the
changes of the input voltage.

4.2.2 Membership functions of the
fuzzy input variable

The behavior of the output voltage of
the boost converter after the occurrence of
disturbances depends upon the sizes of the
disturbances and also the progress of time .

ore
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Fuzzy Controller

Fig3 : The boost converter power circuit and its

proposed controller.

The voltage may jumps up or down very far
from the set point, may not very far from
the set point , or may around the set point.
This suggests five variables for the voltage
error (Vo — Vrer ) as shown in Fig.4(a). Also
the transition speed may be classified into
five categories as shown in Fig.4(b).

-1.0 -0.5 0.0 0.s 1.0 Voltage error
a
NB NS %E PS FB
1.
+ —p
L0 05 00 0.5 1.0 Chiange of voitage
b error

Fig.4: Fuzzy controller membership functions:

) Voltage exvor; b) Change of voltage error.
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4.2.3 Membership functions set of the
fuzzy output variable - '

The output fuzzy variable labels reflect
the amount of correction required for the
situation under consideration. To get
compromise solution between complexity
and control smoothness, seven labels have
been selected (Fig.5).

t

2

2 2 B 28

Duty ratio

<

A0 -3 -1 00 13 2310 _
Fig.5: Fuzzy controller output membership
functions. : E :

4,2.4 Fuzzy inference rules tables

Table(1) summarizes the rule set -for the
fuzzy controller. The selection of the rules
weights has been done through two steps. In
the first step they have been initialized to
the centers of the output fuzzy variable
labels adopted. In the second step they have
been modified experimentally.

Table 1: Rules set of the proposed controller.

Voltage error
~NB|nNs|ze| ps|rPB
E rB} 1.0]00 | -02]-05¢-10
& | ps| rofou]-01fo35-10
‘é ze| 1ol 02|00 }02f-10
& | ns| 1ofoss| oajo1}-ro
nB | to]os | 02] col-10

4.2.5 Fuzzy controller implementation

In the current work, the fuzzy logic
based controller has been implemented
through the proposed mode! presented
shown in Fig.6.
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Fig. 6 Matlab/Simulink modeling of the proposed fuzzy controller

4.2.6 Selection of Ny, Ncv, Ks, Ksv, & KiL

The normalization factors of the voltage
error(Ny), normalization factors of change
of voltage error (Ncy), incremental gain of
the fuzzy controller(Ks), reduction gain
factor of the fed part of the input voltage
(Ksv), and reduction gain factor of the fed
inductor current(K;.) have been selected
through testing the system performance
under different settings of these factors. The
ones selected were those whose static and
dynamic performances were satisfactory
from the point of view of stability, settling
time, peak value, and valley value at the
time of disturbance .The setting were:

Ks
1350

Nev | Ny
4 0.2

Ksv
0.05

KiL
0.01

5 Simulation resuits and discussion

To test the performance of the proposed
controller, the controller- has been used to
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drive DC/DC boost converter with the
requirements given in subsection(4.1.1).

The validity examination has been done
through :-

1- Driving the power circuit with different
values of input supply voltage.

2- Loading the power circuit with different
values of load resistance. '
3- Applying  different
reference settings.

The results of these tests are plotted
in Fig.7 to Fig.17, where:-

Fig.7 displays the transient response of
the output voltage and the inductor current
under nominal load ( 102) and +25% of
nominal value of the input voltage step
changes. The responses ensure the ability
of the proposed controller in keeping the
output voltage equal to that defined by
the reference value. Also they ensure that,
at the time of change occurrence, the
current and voltage over shoots, and settling

output  voltage

" times are limited to an acceptable levels.

From Fig.7, one can see that under the
load for ‘which the converter has been
designed, the system gives an excellent
response irrespective of the step down and
up of the input voltage in the range of
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+25%.

Figs.8 and (9) show the transient
performance under an input voltage of 28V
and for given loading resistance ranging
from 5 to 50Q, From these figures, the
following points can be extracted:

1- The proposed system can start and
settled within atime of 7ms for loading
range from 50W to 500W ( load resistance
of 50Q to5Q).

2- At steady state, the maximum output
voltage deviation occurs at the maximum
loading condition (5Q ) and it isless than
0.5% of the nominal output voltage.
3-The inductor current deviation is within
the range of £10% of the output current.

Figs.10 and (11) do the same as that of
Figs.8 and (9) but under an input voltage
of 35V which is greater than the nominal
by 25% . The results state that under such

driving voltage, the following points
bubble up:-
1-For 5Q and 10Q, the system start

satisfactorily and need a time up to 7 ms to
settled down.

2- As the load resistance increases, the
settling time increases too. For 50Q, it
reaches 21 ms. x
3-Under this increased input voltage, the
voltage and current deviations are within
the standard for the different loading.

Figs.12 and (13) belong to adriving
voltage of 21 V which is less than the
nominal by 25%. Under this supply voltage
The following are observed:-
1-The minimum settling time occurs at the
design load . It takes about 14 ms.
2-For 52 and 50€2 the settling time is about
22ms.
3-The voltage and current deviations are
with in the standards.

Figs.14 to (16) display the output voltage
and inductor current responses under load
resistance step changes from the nominal
value(10Q)) to the one attached to the
drawing and then back to the nominal and
under an input voltage of 25+ 25%.The
drawings indicate the following:- -

1- Under an input voltages of 28V and 35V,
the performance is good from the point of

view of overshoot and settling time. The
maximum over shoot is 10%.

2- With the lower limit of the input voltage
(21V), the converter returns to its steady
state but after exposing the system to
slightly increased over shoots (around 14%)
as compared to those under 28V and 35V (
less or equal to 10%).

3- Load step changes from 10Q to 50Q
represents the best range for the three
voltage levels.

Fig.17 displays the ability of the system
in keeping track with the sudden changes
of the reference voltage. It has been
subjected to £20% step changes. The resulis
noted down the followings:

I-Under supply voltage greater than or
equal to the nominal one (28V,35V), the
system jumps to the new setting afier a
maximum time of 8msec.

2-Poor tracking ability is obtained if the
system continued to be driven by the low
voltage level (21V).

6. Conclusion

Fuzzy logic based controller, supported
with alow pass inductor current and an
input voltage weighted signals, has been
proposed. The fuzzy controller has been
driven by voltage error signal and another
signal derived by subtraction of the output
voltage from its low passed version.

The simulated results recited
following remarks:-

1- For the design specification, the system
performed well from the point of view of
steady state error, voltage ripple, inductor
current ripple, settling time, and overshoots
values.

2- Under £25% variation in the input
voltage, the converter exhibited acceptable

the

‘recovery speed (<4ms) with maximum

overshoot of 7% of the rated voltage
occurred at the transition of the supply
from 21V up to its design value (28V).

3-For load resistance toggling, the
converter excellent controllability.
4- The converter can start well under over

- load and light load conditions.

Basrah-Journal for Engineering Science/2006
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a) Inductor current response; b) Inductor ¢

urrent ripple under steady state
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_ Fig.15 : Simulation results under load resistance step changes and an

input voltage of 35V: a) Voltage response; b) Current response.
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Fig.16 : Simulation results under load resistance step changes and an

input veoltage of 21V: a) Voltage response; b) Current response.
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Fig.17 : Simulation results under step variation of the reference voltage

at agiven input voltage: 2a) Voltage response; b) Current response;

c) Reference voltage.
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