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Design of Smart Fuzzy Logic Controller in Quad
Buck-Boost DC-DC Converter with Constant I nput

and Output Current
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Abstract: In this paper, the design of a fuzzy logic controller based
quad buck-boost converter with constant input and output current is
presented. In contrast with the ordinary step-down-up converters the
advanced converter with same duty cycle, a large limit of voltage
conversion ratio could be acquired. A proposed converter is designed
and studied with an intelligent controller i.e. fuzzy logic
controller/FLC  and  differentiated  with  the ordinary
Proportional-Integral /PIC controller. Finally, the analysis of the
presented converter by employing MATLAB/Simulink, simulation
results of the presented converter is recorded to substantiate the
effectualness and rationality of the output voltage control of Quad
buck-boost converter in both step-down-up mode and its comparative
analysisis presented where the fuzzy logic has a minimum overshoot
and settling time compared to regular Pl controller.

Keywords: constant input and output port current, Pl controller
(PIC), Fuzzy logic controller (FLC), Overshoot, Settling time.

I. INTRODUCTION

Nowadays with the elevation of the power e ectronic

technology, awareness about the effects of exhaustible
energy sources on the environment, the employment of
inexhaustible energy sources has gained more importance as
a future energy source. However, these alternative energy
systems will have an output whose voltage is variable,
depending on various environmental conditions. For
achieving the better performance, DC-DC converters are
employed in the inexhaustible energy sources to match the
load demand. With the wield of inexhaustible energy sources
the manufacturing cost is reduced. It can be used in some of
the applications such as PV- dreet lights,
batteries/supercapacitors, power systems, solar planned
applications, electric automobiles.Some of the associated
works related to the quadratic converters where it has a
quadratic relationship for the voltage conversion ratio in
terms of duty its duty cycle where it can operate in an
extensive range of i/p output voltage conversion applications
[1]-[3]. Plenty of studies has been flourished and described
on quadratic buck converters where someinvestigations have
been done on the mathematica modelling, methods of
control [4]-[8] and quadratic boost converters where its novel
topologies were analyzed [9]-[12]. But only a few
investigations are done on quadratic buck-boost converters.
By using these types of modified converters transformer
isolation is optiond.
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These converters are better structured, less expensive
besides the regular quadratic step-up converter. Few
groundworks on conventional quadratic buck-boost
converters which is created by combining two conventional
buck-boost converters where the input and output current is
not continuous [13]-[14] and the application area where the
converter can be used like energy stocking devices similarly
batteries/supercapacitors with electrical, electrochemical
principleisinvestigated [15].

Precise control is hard in every operation that leads to the
utilization of various type of controllers which are being
employed in many industries such as process industries.
Different methods of regulations are very important for those
industries.

To regulate the demand of load and to reduce the
overshoot, settling time, with faster response a control
technique is used for DC-DC converters. Different properties
of the DC-DC converters could be explored using the closed
loop control. A few groundworks are done on the approach
for Pl controllers to control the performance across various
devices. And few of the approaches are regulation of current
in PWM converters which are connected to the grid,
stabilization of switched power converters and 1-@ grid
associated convertersareregulated for DC link voltage where
the main aim was to cut down the swing of voltage in dc-link
and to track load voltage accuracy of +0.05V of a cuck
converter [16]-[19]

As al controllers face the issues, error free modelling is
hard, might be impractical in most cases. Normally
controllers may not function properly for nonlinear systems
hence the next approach was the use of smart/intelligent
control systems such as FLC. The approach of FLC where it
is compared with other controller such as PID for buck and
boost DC-DC converters. Where FLC exhibits a cut above
performance [20]. Fuzzy logic can control the various
applications like the sensitiveness for fluctuating supply
voltages and imbalance in the load resistance in SMPS
(switch mode power stage) dc-dc converters, line regulation
and load regulation , MPPT of a SEPIC converter with
small-scale overshoot and steady state error, voltage tracking,
regulation of DC motor which is separately excited
[21]-[28]. However, the goal of this paper is to construct an
intelligent control i.e. FLC to a quad buck boost converter
and compare it with the analysis of the traditional PI
controller. As these converters are widely used in
applications such as PV-street lighting, batteries or
supercapacitors, electric automobiles etc.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

© Copyright: All rights reserved.


https://www.openaccess.nl/en/open-publications
mailto:laharisreddy95@gmail.com
mailto:dhanalakshmi-eee@dayanandasagar.edu
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.E9959.069520&domain=www.ijeat.org

Design of Smart Fuzzy L ogic Controller in Quad Buck-Boost DC-DC Converter with Constant Input and Output
Current

Asinput may vary hence there is need to control constant
o/p voltage therefore there is a great need to design the
controllers. The problems such as overshoot and larger
settling times are some of the problems faced by all control
systems. Error-free modelling is hard, expensive and even
impractical in most cases as the actual world systems are
nonlinear. Typical controllers such as Pl controllers and
smart control systems such as fuzzy logic controllers or
neural networks etc. are used. Normaly traditiona
controllers like Pl may not function correctly for non-linear
systems, to conquer these problems Smart/intelligent control
is used.

[I. CONVENTIONAL AND PROPOSED QUAD
BUCK-BOOST CONVERTER

Conventional quadratic buck-boost converter encounters
increased input and output ripple currents with discontinuous
input and output currents causing complexity in construction
of i/p and o/p filters [1]-[2]. The conventional converter is
shown in the below Fig 1. It is formed by combining two
ordinary step-down-up converters. Asthe L, inductor current
is dike to the i/p current i;, during turn on of switch, the L,
inductor current is alike to the o/p current during switch turn
off. Hence the input and output current is not continuous.
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Fig 1: Conventional quadratic buck-boost converter

To get the better of the downside of conventional converter
a novel quad buck-boost converter is preferred. Most of the
industrial applications prefer a continuous inductor current
mode. Fig 2 shows the proposed quad buck-boost converter
which is union of a conventional boost, buck and buck-boost
converter using single switch. The converter presented can
operate in persistent mode of inductor current with a wider
conversion ratio of voltages compared to conventional
converter. This aso resulted in the simplified design of
filters.

[11. STATE SPACE ANALYSISOF THE PROPOSED
QUAD BUCK-BOOST CONVERTER

In order to estimate the nonlinear system to liner SSA i.e.
state space analysisis used. The small signal analysis of the
guad buck-boost converter asin Fig 2 is obtained from state
space analysis. The proposed converter can be divided into
two intervals, Interval one during switch-on and interval 2
during switch-off. By considering the state space equationsin
each of these intervals and combining gives the final model
representation. Here a constant conduction mode (CCM) is
taken and few assumptions like all the components are ideal
are taken into consideration.
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Fig 2: Proposed quad buck-boost converter
Interval 1: when switch ison at the time interval dt, the state
space equation in its generic form is stated by

X1(t) = A, X(t) + B, U(t) WhereO< t< dt @
Y (t) = G X(t) + D,U(t) WhereO<t<dt (2
The main equations of the storage components i.e. the

inductor and capacitor when switch on in the interval dt in
CCM isgiven by

dita _ V9 dirz _ Ve ditz _ V2 —Vo A3)

dt L1’ dt L2 ' dt L3

Aver _ iz dvez _ iLz dvo _ 1 .. Vo 4
- ' - ’ - (1'13 ) ( )

dt ¢’ dt c, ' dt c3 R

By referring to (3) and (4) we obtain the averaged matrices of
the duration when switch ison

0 0 0 0 0 O-
0 0 0 i 0 0 1
_ L1
o0 0 0 =~ =2 [0]
| L3 L3 _0
Aflo = 0 0 o of B |
“ o]
00 — 0 0 0 0
= o]
1 -1
00 ~ o 0o =2
! c3 RC3
-1 -1
c=o 0 0 0 | D=[o] (5)

Interval 2: when switch is off at the time interva (1-d)t, the
space equation in its generic form is stated by

X1(t) = A, X(t) + B, U(t) Where 0 < t < (1-d)t (6)
Y (t) = CGX(@) + D,U(t) WhereO< t< (1-d)t (7)
The main equations of the storage components i.e. the

inductors and capacitors when switch off in theinterval (1-d)t
in CCM isgiven by

ditn _ V9-Ver ditz _ “Ve2 diLz _ —Vo ®)
dt L1 oadt L2 ' dt L3

Ayer _ —in dyez _ Zipz dyo _ 1 .. Vo 9
—==—_=, =—=,—==—(3 ) 9
dt ¢, ' odt c, ' dt c3 R
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By referring to (8) and (9) we obtain the averaged matrices of

the duration when switch is of f
-1

0 0 0 2 0 0]
L1
-1 1

0 0 0 0 = 0 [=]

00 0 0 0 ;—31 8
Al B,=
122 9 0 0 o ol 7 [o]

C1 0

-1

0 — 0 0 0 0 0

0 0 ~ 0o o0 =

B c3 RC3

-1 -1

Cp= [0 0= 00 E] D,=[0] (10)

By referring (5) and (10) we get the averaged matrices during
the interval switch on and off, the state space representation
of the quad buck-boost converter is a combination of both
intervals of switch and the given by

X' =[4,d+ A,(1-d)]X+[B,d+ B,(1—d)] (11)
Y =[Cd+ C,A-ad)]X+[D;d+ D,(1—d)U (12)

Equation (5) and (10) is substituted in (11) and (12) to obtain
the final matrix

QU
|
[u

[0 0 0 £ o o
L1
0 o o & 41 [i]
L2 L2 L1
o 0o o0 0o S = g
a-1  d 0 0 0 0
C1 C1 0
o 22 0 o o [ J
2 C2 0
o 0o - o o =
! c3 RC3
-1 -1
c:[o 0 = 00 E] D=[0] (13)

Transfer function of the plant is obtained by substituting (13)
in (14) where d is the duty cycle L4, L, and L are the
inductors and R is the resistance and C;, C,, C; are the
capacitors.

Ye _ P A1 —
o = CISi—A]=1B +D

(14)

By considering the values from Table Il according to its
mode i.e. the step- up/down and substituting (13) in (14) we
obtain

Transfer function of aplant in step-up mode:

15267.56
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IV. RPROPOSED QUAD BUCK-BOOST
CONVERTER WITH DIFFERENT CONTROL
TECHNIQUES

Desired level of output voltage can be regulated by the
employment of closed loop control thereby production of the
system can be enhanced. With the help of this control
techniques settling time and overshoot of the output voltage
can be reduced.

A. Conventional Pl controller

PICONTROLLER

Kp 1| comml
NS N ' o 0p(Y
Ref (7] ,\f\ mor (e _ ( }— »

1Lr
Fig 3: General PI Controller
Pl controller is one among the closed loop control system
without a manual input requirement. A closed loop control is
group of devices that involuntarily regulates a process
variable to a desired state. The Fig 3 indicates genera Pl
controller design with a feedback loop. Here the output
signal Y is taken as a feedback and differentiated with the
input reference signal r. Output signal is compared with the
reference signal, error signal e is generated and fed to the
controller part, controller on obtaining the error signal applies
a rectification based on the proportional (Kp) and integral
(Ki) terms. Control o/p u is the summation of proportional
gain and integral gain.
The PIC control equation is as follows
U(s) = K, E(s) += K;i JE(s) (17)
The quad buck-boost converter controlled by PI controller
techniques and its results are compared with the proposed
smart fuzzy logic control.

Buck

Discrete
Relational PI Controller

Quad Opesator
buck-boost
converter
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e
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Fig 4: Quad buck-boost with Pl Controller
Procedure of PI controlled converter is as follows: quad
buck-boost converter output voltage is compared with the
persistent value; the obtained error signal is fed to the

G,(boost) = 3600 + (15) wtur_ation block. PI control_ler_output is _supplied_to the
Tranger function of a.pl ;h%oioﬁ§4'3?aéwn mode: relational operator where it is differentiated with the
P P ' triangular pulses and the gate pulses are generated. The
1170424 output of the relational operator is fed to the gate terminal of
Gy(buck) = 210 + ———— (16) switch asin Fig 4.
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B. Proposed Fuzzy L ogic controller

Fuzzy Rule
controller base
Comiral

[ (?fp
g 7

VT power |

> Converter

Fuzzification

Fig 5: General Structure of Fuzzy Logic Controller

Smart/Fuzzy logic is a peculiar control system. Fuzzy
reasoning is also known as FLC/fuzzy logic controller. It is
implemented successfully in diverse applications like
industries. It is a multivalent logic where mid values to be
defined between estimations like true/false, high/low. Fuzzy
logic isaway to make the devices more intelligent to make it
reason like humans using fuzzy logics. This controller usesa
very flexible set of if-then rules. This solution is further
applied to the membership functions. The rule system has
four modules in FLC as shown in the general structure of
FLCasinFigh.
1. Fuzzification: It isan action of transforming areal number
to afuzzy number.
2. Rule base: An excellent evaluation of mandani is used for
the rule base. It is formed in “IF-THEN” setup. Using this
format rules are constructed for the output. In these format of
formation rules IF is known for condition and THEN is
known for conclusion.
3. Fuzzy Inference: A chart is constructed from the given
input to an output by employing the fuzzy logic. This chart
lays out ajustification amid which the truth is el ected.
4. Defuzzification: It is a process of producing a quantitate
result in crisp logic. It converts fuzzy number to a real
number. Two common methodsin defuzzification is centroid
and maximum.

Quad
buck-boost
converter

Fig 6: Quad buck-boost with Fuzzy logic Controller

= Design procedure for fuzzy logic controller:
In this paper a rule based FLC is applied to quad
buck-boost converter as in Fig 6. Before the system is
simulated in the  MATLAB/SIMULINK aFLC has to
be constructed. A FISfileiscreated in FIS editor using a
fuzzy logic toolbox. Here a choice of membership
functions is created, accordingly base for rules are
created. Linguistic variablesthat are needed to create the
rule base is logged in Table I. The retaiation of a
controller isobtained inthe MATLAB/SIMULINK. The
membership functionsi.e. two inputs, an error, changein
error and one output which is control change is created
and 25 fuzzy rules are determined. Membership function
and fuzzy rulesare shown in Fig 7(a), 7(b), 7(c) and 8(a),
8(b).
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= Membership Functions of the Fuzzy Logic
controller
Membership function plots ©! "= 181

NE NS ZE PS PB

input variable "input1” 10

Fig 7(a): Fuzzy input 1 variable “error

Membership function plots “°t ©"= 181
NB NS ZE PS PB

input variable "input2* 10
Figure 7(b): Fuzzy input 2 variable “change in error

Membership function plots LTiTTIES 1831

NE NS ZE PS5 FB

2 10 - 10 20
output variable "output1®

Fig 7(c): Fuzzy output variable “voltage control «

= Fuzzy inference rule set:
Tablel: Rule table for output variable “control”

Rules | NB | NS | ZE | PS | PB
NB NB | NB | PS | PB | PB
NS NB | NB | ZE | PB | PB
ZE NB | NS | ZE | PS | PB
PS NB | NB | ZE | PB | PB
PB NB | NB | NS | PB | PB

Where NB — Negative Big
NS — Negative Small
ZE - Zero
PS — Positive Small
PB — Positive Big
=  Formation of rules and outlook of rule viewer:
In Fig 8(a) and 8(b) 25 set of IF-THEN rules are

indicated, Fig 9 shows the study of inputs and an
output i.e. error, change in error and control of output
voltage.
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File Edit View Options

10 (lnput1 is NB) and (lnput2 is NB) then (ﬂutput1 is NB) (1, ~

40 (lnput1 is NB} and (input2 is PS) then (outputt is NS} (1)

5. If {(input1 is NB} and (input? is PB) then (outputl is ZE) (1)

5. If (input1 is NS} and (input2 is NB) then (outputl is NB) (1}

7. If (input1 is NS) and (input2 is NS) then (output1 is NB) (1)

8. If (input1 is NS} and (input2 is ZE) then (output1 is NS} (1}

9. If (input1 is NS} and (input? is PS) then (outputl is ZE) (1)

10. If (input1 iz NS) and (input2 is PB) then (output1 is PS) (1)

11. If (input1 is ZE) and (input2 is NB) then (output1 is NB) (1)

12 If {(input1 is ZE) and (input? is NS) then (outputl is NS} (1)

13, If (input1 is ZE) and (input2 is ZE) then (output! is ZE) (1) ~

input1 is

Cor
(®) and 1 Dele’temle| Add rule | cnangem|e| << | =»

| FEEEY | | Help Close |

Fig 8(a): Fuzzy if-then rules 1-13

File Edit View Options

13. If (input1 is ZE} and (input2 is ZE} then (output1 is ZE} (1} ~
14. If (input1 is ZE} and (input2 is PS} then (output1 is PS} (1}
15. If (input1 is ZE} and (input2 is PB) then (output1 is PB) (1}
16. If (input is PS) and (input2 is NB} then (outputl is NS) (1)
17. If (input is PS) and (input2 is NS} then (outputl is ZE} (1)
18. If (input1 is PS} and (input2 is ZE) then (outputl is PB) (1}
19. If (input1 is PS} and (input2 is PS} then (output1 is PB} (1}
20. If (input1 is PS) and (input2 is PB) then (output1 is PB) (1}
21 If (input1 is PB) and (input2 is NB) then (outputl is ZE) (1)
22 If (input is PB} and (input2 is NS) then (outputl is PS) (1)
23. If (input1 is PB} and (input2 is ZE} then (outputl is PB} (1}
24. If (input1 is PB) and (input2 is PS) then (output1 is PB) (1)
25. If (input1 is PB) and (input2 is PB) then (output1 is PB) (1) s

inputt is input2 is

_ Connection Weight:
O or
(®) and 1 Delete rule | Add rule | Change rule| == | ==

| I | | Help Close |

Fig 8(b): Fuzzy if-then rules 14-25
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Fig 9: Analysis of both inputsand outputs
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V. MATLAB/SIMULINK IMPLEMENTAION,
RESULTSAND DISCUSSION

A. Proposed converter with conventional Pl controller

Fig 10 shows the Simulink/ MATLAB model of proposed
guad buck-boost converter with PI controller for an input of
20v. The Kp and Ki values are obtained from Z-N method
whichis0.001 and 3 The simulation variablesareindicated in
Tablell.

- T -
R
- 5

[ ek T

o

-
y

Fig 10: Simulation cwcmt of PI controlled Quad
Buck-Boost Converter.

Tablell: Simulation variables of the converter proposed.

Input voltage (Vg) 20v
Output voltage (VO0)
[for step-up] 40V
[for step-down] 9V
Inductor L1,L2, L3 100 pH,400 pH,3mH
Capacitors ( C1, C2) 47e6F
(CO) 220e-6 F
Switching frequency 40kHz
Duty cycle [for Step-up] >50%
[for Step-down] <50%
Resistance 90 Q

B. Proposed converter with Fuzzy Logic controller

Fig 11 indicates the Simulink/MATLAB model of quad
buck-boost converter for an input of 20v with the proposed
Fuzzy logic controller (FLC). The simulation variables are
listed in Tablell.

ﬁ-].
P

4 | L |
‘- T oot F oo
f
= .;
] =

o

Fig 11: simulation circuit of FLC Quad Buck-Boost
Converter
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PIC

— FLC

Fig 12: Comparison of o/p voltage Vo of Quad buck-boost
converter in step-up mode with different control
techniques.

PIC

— FLC

Fig 13: Comparison of o/p voltage Vo of Quad buck-boost
converter in step-down mode with different control
techniques.

C. Comparison table of theresponse of controllers

Table 1Il and Table IV presents the comparison of
proposed converter for two different closed loop controllers
i.e. Pl and Fuzzy logic controller in both step-up and
step-down mode as indicated in the Fig 12 and Fig 13. It is
noticed that fuzzy logic controlled Quad buck-boost
converter gives the better performance than the conventional
Pl control with reduced overshoot and settling time.

Tablelll: Comparison table of the response of
controllersin step-up mode

Parameters PIC FLC
Overshooat (%) 0.50% 0.186%
Settling time (s) 0.04 0.003

TablelV: comparison table of the response of controllers
in step-down mode:

Parameters PIC FLC
Overshoot (%) 0.129% 0.115%
Settling time (s) 0.06 0.008
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VI. CONCLUSION

In this paper the output voltage of the proposed quad
buck-boost converter along constant input, output current is
controlled using FLC. The circuit is simulated in
MATLAB/SIMULIK software to substantiate the circuit
function. From the simulated results it is inferred that the
given topology of Quad Buck-Boost converter produces a
step-up output voltage up to 40V for agiven input of 20V and
a step-down output of 9V. The conventional control i.e.
Proportional-Integral (Pl) controller is differentiated from
smart/intelligent fuzzy logic controller (FLC) in both
step-down-up mode. Simulation outcome and investigation
of proposed converter shows that over shoot, settling time of
PIC in step-up mode is 0.50% and 0.04 seconds whereas the
for FIC it isreduced to 0.186% and 0.003 seconds, similarly
in step-down mode in PIC it is 0.129% and 0.06 seconds and
in FIC its reduced to 0.115% and 0.008 seconds where fuzzy
logic control performance is greatly improved and superior.
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