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ABSTRACT  Buck Boost Converter with Coupled Inductor (BBCCI) can be used to match the source 
voltage with the load voltage. This work deals with modelling and simulation of BBCCI system with 
hysteretic controller. The objective of this work is to improve dynamic response of closed loop BBCCI 
system using hysteretic controller. The closed loop controlled BBCCI systems with and without hysteretic 
controller are modelled, simulated and the results are analysed. The results indicate that the dynamic 
response is improved and current ripple is reduced using hysteretic controller. The proposed system has 
advantages like reduced THD, low settling time and steady state error 

Key words: Photo Voltaic (PV) – Buck Boost Converter with Coupled Inductor (BBCCI) – Pulse Width 
Modulation (PWM) - Hysteretic controller (HC) –Upper Band (UB) –Lower Band (LB) 

I. INTRODUCTION 

A new control method using hysteretic pulse width modulation for buck boost converter is zero steady state 
error in output voltage and the variation of output impedance with hysteretic pulse width modulation control is 
presented [1]. Hysteretic control for DC to DC is given by Sato. This paper has presented dynamic performance 
for large load variation [2]. Hysteretic controller for all types of DC to DC converter is given by Lin. This paper 
has given experimental verification for buck and boost converter [3]. DC to DC switching converter and its 
design philosophy using hysteretic controller is given by Ang. This paper has presented optimal gate driver 
design [4]. Analysis of buck converter system with hysteretic control is given by Onda. This paper has presented 
transient response output voltage for sudden change in load. Ramp voltage is generated using RC network and 
the same is used for the input to the comparator.  Dynamic characteristics and steady state condition for buck 
converter were presented. The drawback of this scheme is the reduction in switching frequency [5]. Robust 
hysteretic control method for switching converter is presented by Nabeshima. This paper deals with hysteretic 
control using extra capacitor in the comparator and higher switching frequency was achieved with good 
dynamic performance. This circuit has provided stable operation during switching noises [6]. Modelling of PV 
system with converter topology is given by Umadevi. This paper has presented DC-DC converter topology with 
inverter for resistive load with various irradiations [7]. Closed loop control of three port converter with high 
voltage gain is given by Santhi mary. This paper has presented high voltage gain for the converter with PI 
controller along with three port converter topology[8].FLC for PV array simulator is given by Raja. This paper 
is discussed with converter and controller topology for the PV system [9]. 

The literature [1] to [9] do not deal with comparison of PI & Hysteretic based BBCCI systems to improve the 
dynamic response. This work proposes Hysteretic control to improve dynamic response and reduce the current 
ripple of BBCCI system. 

The organization of the paper is as follows: the system description is given in section 2.Analysis of converter 
and controller is presented   in section 3. Simulation results with PI and Hysteretic controllers are given in 
section 4. Hardware results are given in section 5. Work is concluded in section 6. 
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II.  SYSTEM   DESCRIPTION 

Block diagram of existing Buck – Boost Converter System (BBCS) is shown in figure 2.1. Fixed DC is 
converted into variable DC using BBCS and its output is applied to the DC load. The Control circuit generates 
pulses for BBCS. 

  

Figure 2.1. Block Diagram of existing BBCS                                                     Figure 2.2 Block Diagram of proposed BBCCI    

                                                                                                                                                                 System 

In proposed system, BBC is replaced by BBCCI. Output voltage is regulated using hysteretic controller as 
shown in Figure 2.2.  The load voltage is compared with the reference voltage and the error voltage is applied to 
Hysteretic controller. The controller generates the updated gate pulses to regulate the output voltage of BBCCI 
system and limit the ripple in the output.  

The principle of hysteretic control is given in Figure 2.3. Output voltage is compared with the reference voltage. 
The error is applied to hysteretic comparator. The output is given to the driver circuit. The driver amplifies the 
pulses from 5V to 10V. The driver pulses and output voltage are shown in Figure 2.4. The pulse is applied 
whenever output voltage is less than Vr. The pulse is stopped whenever the output is greater than Vr + Vh. 

 

 

 

   Figure 2.3 Principle of Hysteretic Control                                                                      Figure 2.4 Waveforms (a) Driving Pulses     

                                                                                                                                                                                 (b) Capacitor Voltage     

III. ANALYSIS OF BUCK – BOOST CONVERTER 

The equations for Buck Boost converter are as follows: 

 Inductance (L) and Capacitance (C) are calculated using following formulae  

 L = V1K / fΔI        ----- (1) 

 C = K/2fRL        ----- (2) 

Where  

 V1  - PV input voltage  

 K   - Duty ratio 

f    - Switching frequency  

 ΔI - change in current 

(a) 

VU 

VL 

(b) 
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Table – 1 Summary of Simulation Parameters 

Parameters specifications Parameters values 

Vin 12V 

L1,L2 0.1mH 

C1 6.6µF 

Co 50 µF 

UB 0.9A 

LB 0.6A 

RL 80Ω 

 

 

 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Vanitha.D et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i4/170904060 Vol 9 No 4 Aug-Sep 2017 2867



The Hard
Hystereti
and BBC
Figure 5
Figure 5
section. 

Type of

Hy

dware for prot
ic Controller i

CCI board. Th
.3. The Outpu
.5. The simul

  Vin 

f Controller 

PI 

ysteresis 

T
Con

PI co

With Hyste

V

totype BBCCI
is shown in F

he input voltag
ut voltage of 
lation results 

Table-2 Summ

tr (sec) 

0.23 

0.21 

Table-3 Co

ype of 
ntroller 

ontroller 

eresis control

V. EXP

I system is fab
Figure 5.1. Th
ge is shown in
BBCCI is sh
of previous 

Figure 5.1 Hard

Fig

mary of Time Dom

tp (sec)

0.3

0.25

omparison of Cur

ller 

PERIMENTA

bricated and te
he hardware co
n Figure 5.2. T
hown in Figur
section match

dware snap shot o

 

gure 5.2 Input vol

main Parameters

) ts (se

0.4

0.3

rrent Ripple 

Output C

AL RESULTS

ested. Hardwa
onsists of PV 
The Switching
re 5.4. The di
h with the ex

of BBCCI system

ltage 
T

ec) Ess 

42 

31 

Current Ripp
(amps) 

0.015 

0.003 

S 

are snap shot f
panel, contro

g pulses for M
splay of outp

xperimental re

Time  

(volts) 

1.3 

0.8 

ple 

for BBCCI sy
ol board, recti
M1 and M2 are 
put voltage is 
esults present

 

 

ystem with 
fier board 
shown in 
shown in 
ed in this 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Vanitha.D et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i4/170904060 Vol 9 No 4 Aug-Sep 2017 2868



Closed lo
settling t
replacing
width for
shows be
domain r

oop BBCCI sy
time is reduc
g PI with HC
r BBCCI, so t
etter dynamic 
response of BB

  Vg2 

  Vg1 

  Vo 

ystems with P
ed from 0.42
. The current 
that the perfo
performance. 
BCCI system.

Figure 5.3 Sw

Figure 5.4 Ou

Figure 5.5

VI.

PI and hystere
2 to 0.31secon

ripple is low
rmance of BB
The results o
 

witching pulses f

utput voltage of B

5 Display of Outp

CONCLU

tic controllers
nds and stead

w as 0.003A. 
BCCI system 
obtained in thi

for M1 and M2 

BBCCI system 

put voltage 

USION 

s are modelled
dy state error
Hysteretic co
is improved. 
s work are cle

 

d and simulate
r is reduced f
ntroller is use
The result wi

ear examples o

Time  

Time  

 

 

ed using Simu
from 1.3V to
ed to modify 
ith hysteretic 
of improveme

ulink. The 
o 0.8V by 

the pulse 
controller 

ent in time 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Vanitha.D et al. / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i4/170904060 Vol 9 No 4 Aug-Sep 2017 2869



The scope of present work is to model and simulate hysteretic controlled BBCCI system. Closed loop BBCCI 
system with proportional resonant (PR) controller will be in future. The hardware may be implemented at higher 
level of power. 
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