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Abstract— This paper presents a design and simulation
of simplified method for designing a proportional —
integral-derivative(PID)controller ~ operating in
continuous conduction mode for the Buck-Boost avewe
,this method provides good voltage regulation asd i
suitable for Buck-Boost Dc-Dc converter, it is es@o to
significant variations which may take this systewagn
from nominal conditions caused by the line changed
parameters variation at the input .Simulation résul
shows that this PID controller provides good vokag
regulation and is suitable for the Buck-Boost pugs
The obtained results prove the robustness of pegbos
Controller against variation of the input voltagkad
resistance and the referent voltage of the studied
converter.

Keywords— Buck-Boost converter , Proportional-
integral-derivative  (PID)controller ,  Continuous
Conduction Mode (CCM) , Pulse Width
Modulation(PWM) .

I.  INTRODUCTION
The voltage Converter is an electrical circuit tisatised
to control the transfer of energy between the soaned
the consumer . The need for a broad spectrum of
consumer's cabinets caused the development ofeatitfe
types of converters. The scope of current rangegemo
within the limits order of several hundred mili agnes to
several hundred amperes . Converters differ acegriti
the principle of functioning, construction, energy
efficiency, size, precision control , transitionatate
response , and of course the price. Converter lyshas
an additional feature to provide protection in &went of
system failure, All regulators have a power transfage
and a control circuitry to sense the output voltagel
adjust the power transfer stage to maintain thesteon
output voltage. Since a feedback loop is necessary
maintain regulation, some type of compensation is
required to maintain loop stability [1].
The Dc-Dc converter is a type of these regulatangciv
are used to convert the Dc voltage from one lewel t
another level such that the output voltage must be
regulated with respect to the disturbances [2]nfthis
electrical device is expected to provide a staldiage
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for a wide range of power output. The voltage must
remain immutable and for a wide range of input agd,
which in practice inevitably occurs as a conseqaeofc
the discharge when the battery used as a source of
electrical energy [3]. Because of positive chanasties

of Dc-Dc converters they can be used as an integadl

of the device for utilization of alternative anchesvable
energy sources, portable devices and many industria
processes, as an examples of the use of Dc-Dc derse
in modern technology computer systems, communicstio
equipment, micro electromechanical systems (MEMS)
devices for welding, Dc motors [3,4]. In solar powe
systems the converters allows connection of phdtaeo
cells on consumer electrical power grid thus avagdhe
use of batteries [5].

The development of power electronics has enabled th
use of non-isolating Dc-Dc converters, i.e withostng
transformers, the advantage of these convertenscesd
the cost and increases the efficiency of thesecdsyiso
while transferring energy small losses we have beeaf
the significant amount of heat , i.e there is nechéor
intensive cooling. The basic idea of the contrgllin
procedure is dominated by electronically contngilthe
pulses that regulate the switch of the convertessilting

a great efficiency( which ranges up to 98%),or theo
words electronically controlling the pulse widthu(ge-
Width Modulation PWM)[6]. The switch enables the
passage of the current from input to the outputhiwithe
time that elapses between two successive pulséiedca
commutation cycle, the switch is turned on for ailevh
and then off to the end of the cycle. By approptiat
adjusting the relationship between the period efghlse
(when the switch is turned on) with respect to Itota
duration of the cycles , we have the so called dytje d

, by which we can set the output voltage of theveoter,
Setting of the converter is based on feedback staae
ensures that the output voltage tends asymptotitatihe
reference value regardless of disturbances [4]. e Th
negative feature of these converters is the existaf
variations in output current as a result of thetchivng
action, but this is simply overcomes by applying
filters[7].
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Depending on the topologies of the switching Dx-D
converters ,we have different types of converté¢hg
basic topologies are Boost (Step Up) converter,kBuc
(step down) , Buck-Boost (step up/down ) , the gigisig
procedure of Buck-Boost Converter is complex proced
due to the presence of nonlinearities, so it ispassible

to directly apply simple methods for designing the
controller , so we develop a different strategy fo
modeling processes, each of them has its advantagk
disadvantages, and accordingly finds its applicafield
[7-18]. This paper discusses the possibility ofigleag
PID (proportional integral differential) controlleas the
most affordable ,and in practice ,is the most widesion

for control. Modeling was considered in continuous
conductive mode taking into account the parasitic
resistances in the circuit . The simulation is easing
the MATLAB/ Simulink environment .

The paper is organized as following : In the second
section, the mathematical model of Buck-Boost Dc-Dc
converter is discussed , the third section death ttie
controller design procedure , the fourth sectionstber
the simulation process , the last section contains
conclusion and some remarks .

Il. MATEMATICAL MODEL

Controller design for any system needs knowledgaub
system behavior ,usually this involves a matherahtic
description of the relation among inputs to thecpss,
state variables, and output. This description eafdrm of
mathematical equations which describe behaviorhef t
system (process) is called model of the systemingJs
Fig .1 we can find the differential equation whie
switch is closed :
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Fig.1:Buck-Boost circuit
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The state space equation based on the previowensyst
equations can be represented :

(1) = Ax(t) + BV, (1)

(2
Ve (t)=C, x(t)
Where :
_C(Ri R) ° R
A= , _R*R A= ) CZ:[RH% 0} 3)

L L
And when is opened the differential equation i&no
dv, \A R
- =— +_ |L
d  (R+R) (R B
AT <t<T
(di__ R 4)

E__WVCHRHR_ R-R)I

The state space equation is now :
X(1) = AX(1)+ B,V (9
5)
Ve (t)=C, x(t)
Where :

1 R
dreB ¢RR
__ R RIRRR

(ReR) L
One strategy for obtaining a single mathematicatieho
may be the introduction of the duty cycles d, this
approach allows combining state equation for the
previous two cases, according to the principle of
averaging model in state space [14]. On this oocashe
nonlinearity caused by the switch was overcomethad
system’s equivalent model in state space [7], aweh

x(t) = Ax(t) + BV, (1)

A R

B R Fgu% ©)
0

()
Vi (t)=Cx(1)
Where :
_1 R1-d
NIEET) ¢R B
_RA-d (-d(RIR R- R
LR+R) L
(8)
0
= | c5=2 (-dR
d {R”% -8 %
L
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Applying the Laplace transform to the previous eys
we obtain the transfer function between the vahfethe
input and output :

&(9= VES; Lz(;l-ﬂ?) 11 Rpca*m
) g (FTC T] " otra) (o= O
Where :
_1—ac+aL(1+ac)—\/aL(1+aC)(1—aC+aL(1+ac))
1-a,
S WL . (10)
R R R

B= ( d)(ac -ap) -(a, + da,)(1+ac)
Voltage amplification in steady state [8,9,10,111B2is
d l+a,
1-d,_ B i (11)
(1-d)

. CONTROLLER DESIGN PROCEDURE
The basic control equation for the PID controlle is
giving in [14 , 15, 16]:

()= K,e(+ K o ae g S 12)

And its transfer function is :

where K, K; , and K, are the proportional , integr

and differential gains, respectively, and const

K
T =—2 and T, =K .
Ki K

Fig. 2: The PID controller for BuclBoost converte

The control signal enters the pulse generator armd ib
affects the length of switching of the switch witha
switching cycle. Level of thecontrol signal is
theoretically limited between zero and one whick
symbolized by the limiter in the schematic circoitthe
buckboost converter ( Fig. 2) , this limitation intrashs
a new nonlinearity which was not taken into accot
when deriving he mathematical model (8) and !
transfer function of the system (9) . Level of tmntrol
signal out of range of the limiter will have theit
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values or the system becomes insensitive to fu
change in the error signal. Due to this fact weusd be
very careful when determining the parameters of
controller .

As the controlling signal dose not overcome oner,
maximum allowed proportional gain we will adopt -
inverse value of the reference volta

1
Kpmax_\/_ (14)

ref
To obtain the maximum critical gain we will multypthe

allowable gainK .., by the factod in steady state :

d
=dK =—
cr pmax Vv (15)

ref

Critical period of oscillationsT,. is obtained by
measuring period of oscillations related to the imak

allowed proportional gairk,, .- In the case of buck-
boost converter it is the minimal oscillatory pefrican be

measured at all and corresponds to undamped disaibk

of the atput. It will be assumed that this peri

approximate system critical period with adeqt

accuracy for the purpose of PID tuning which isegioy

K

T, =2m/LC (16)
Using adopted values fdak,, i T, and Ziegle-Nichols
recommendations [17,18,19] for PID tuning with
overshoot , unknown parameters of PID controllanld
be evaluated as :

d 2K K,T,

K,=020— K =—=% K=—2% (17)

ref

V. SIMULATION RESULTS
Using MATLAB/SIMULINK [20,21] as n Fig. 3 , and
Table 1, we will confirm the results obtained bye
theoretical analysis of the PID controller for tBeck-
Boost converter , the frequency of the pulse gapelin
all simulations is T=18's (100kHz. .

Diode

Scope

PYM
PO Cortmbe o

St — T

Fig. 3: The Simulink model ¢the buck-boost converter
with PID controller
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Table.1: Parameters of Budkeost converter circu

Element | physical Value Value
) Inductance L=270uH
Col resistance R, =050
) Capacitance C=50uF
Capacitor -
resistance R, =0.15Q
Load resistance R=20Q
resistance
Diode resistance R, =0.001Q
Switch resistance R, =0.001Q
Output volt Proposed Voltage 48V

The first simulation was performed for input voke
V, =24V ,and a reference voltage V., =48V with

proportional gainK ; =0.021 .This gain is slightly large

than themaximum allowed proportion gain , that is
K max =1/V., =0.0208 . The response of the cont

pmax

value and outut voltage is shown in Fig. 4In this
figure the overshooting changes in the reference valus
resulted in a overshooting change in error. Asghi@ is
greater than the critical control signal exceeds uppel
limit of the limiter , the system stops respondit@
further change in error. Aftersdight jump in the negativ
direction, which is due to the inertia of the systeausec
value asymptotically approaches zero and the cb
signal remains trapped on the level which is gretitan
the limits of the limiter .

Control Signal
T \ T T

I L | | L L

Qutput Vtage
|

1

.
11 .l A1

1

018 iV L L | | | L |
0 0w oo 00 0o Tum]s ws 0w o 0w oo
me

Fig. 4: Step response butioost converter witl
supercritical proportional gai

In the second simulation the proportional gainuei
Kp = 0.0205, which is slightly less than the catizalue
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of the gain. Here we see that the control signtiér
changing the referenceoltage value, reaches a va
slightly less than unity. Oscillating around thesasty
value of the control value in one period falls elthe
lower limit of the limiter but then returned to tkene of
active control, resulted voltage asymptoticallyds to
value that deviates from the reference vi

The result of the simulation in Fig. 5 we will use
determine the oscillation period of the system. Huos
period we shall adopt the temporal distance betwbe
second and third peak in the positdirection because it
is the first oscillation period during which thessym all
the time remains in the active mode of the controthe
specific case we get<D.0009 s. This period is grea
than the actual period of oscillation of the systéot we
can ignore the deviation from the point of sett
parameters of PID controller

Contral Signal

Output Voltage

L i ] | | | i i |
0 ney UL 00 000 0005 0006 oo 0068 N o
Time

Fig. 5: Step response of the brboost converter with
subcritical proportional gain

For the application of critical gain (11 ) in whiwe
determine the parameters D controller it is necessary
to specify another factor , i.e switching cycle th.our
casethe gain= V,, / ¥ =2, d = 0.7271. Since all the

necessary parameters are known ,using equatiohwg
get the gain of the controller Kp = 0,003,
Ki = 6,7 and Kd=10°.

After applying evaluated gains to PID controlleontrol
signal and closed loop step response of the -Boost
converter looks like in the Fig. 6. It is obviousat the
aim is fulfilled. The control signal neveefts scope of the
saturation element. After initial bounce, limitedy
adopted gain, it uniformly raises until reacheslef the
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duty cycle d. The output voltage grows, also witt
oscillations, before it comes to referent valuee Taising
time is approximately 8 ms .

The next few simulations investigate robustness
designed PID control of BucReost converter ti
uncertainty of system parameters. The first subjsc
observation is input voltag®,, while V =48V ,the

ref
minimal input voltage is Vg =17,3%/. Simulation

confirms slightly higher value of input voltage, &
system stays stable (about 18,3 V).

Confrol Signal
]

L I i |

Output Voltage
T

o i

i 1 | | |
0 0002 0004 006 0008 i i
ime

Fig. 6: Step response of the BuBkest converter witl
PID control.

Fig. 7a show step response of the output voltagehie
input voltage Vg =17.32/. The shape of the respor

and settling time stay almost unchanged. The resf
simulation in Fig. 7b, obtained for the input vgkaof
Ve =96V, and the same output voltage, she

oscillations in step response of output voltagelevtiie
settling time is slightly reduced. Input voltage, the
practice, doesn't reach such level of uncertai
especially in positive direction. Thus, curtt PID
configuration should be considered as stable fa
positive disturbances of input voltage and belawitkd
by maximal gain.
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Fig.7: The step response of the B-Boost converter
with PID control: a) \e = 18.3 V, b) ¥ = 96V

The next simulation consider the case when theerte
voltage is variable ,the input voltage Vg =24V and

reference voltage o¥,; =1V as it is shown in Fig. 8a. It

is obvious the negative effect of reference tage
reduction to the settling time. In the current detion it
is about 40 ms which is 5 times longer than sefttime
in the case of nominal reference voltage (8 ms)
upper limit of reference voltage is caused by mak
gain of the Buck-Boost ewerter. Fig. 8b , shows st
response of output voltagtVy, due to the same

parameters of the controller, and for the referamttmge
of V. =60V, slightly lower than maximal possible.

can be noticeamplification of oscillations but decreasi
of settling time, although the control system sl
completely operational.

Output Veltage
T

02 | I | | I |
i 0005 on 0os 0e {ili%] 00 00 004

Output Voltage
T

i L | I 1 | I
] 0005 0n nos 002 ons i 0035 (104
Time

Fig. 8 The step response of the E-Boost converter with
PID control: a) Vref =1V, b) Vref =60
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The next simulation examinéhe influence of outpt
resistance uncertainty to the control system bei
Fig. 9 which is done with the constant input voltage
Ve =24V and reference voltage ofV,, =48V.

Compared to the two previous cases, very sir
conclusions are obtained. The value of the ot
resistance such that the system remains stabléast
12.7Q , as the output resistance decreases the ma
gain also decreases. For the resistancew minimum
value, maximal output voltage of 48 V goes outrdnege
and output voltage fails in following reference tagie
Fig. 9a .The system robustness for the positive chanc
output resistance is much higher, step responsthe
control system fotthe output resistance 5 times hig
than nominal (R=10@) is shown in the Fig. 9

Output Voltage

T T

! |
0 13 ] oS
QOutput Voltage

| I
1 0005 Time ] 15

Fig. 9: The step response of the BiBest converte
with PID control: a) R =122, b) R =10Q2

In Fig. 10 is shown the step response of the -Boost
converterwith the influence of parasitic resistance in
brunch of capacity Rc , it is shown with the
resistance (Rc=@®). Rippling of the output voltage c:
be seen which consequently drives system awa
determined value of the output .

Canirol Signal
1 1 .

Output Voltage
T

o 888

Fig. 10 : The step response of the Biaaost converte
with great resistance in éhbranch capacitc (R =4 Q).
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Voltage drop in switch and diode can be negleatethé
analysis of the circuit if the voltage inpVe is much

greate than the drop voltage in switch, and voltage ¢
in diode. Also, the parasitic resistance in sength
capacitor can be reduced by some parallel capachAai
conclusion we can Neglect the voltage drop in dwénd
diode and parasitic resistancecapacitor .

V. CONCLUSION
In this paper, is discussed a simple method tayde$tID
controller for the BuckBoost converter, by applying tl
averaging method is derived the equivalent mathiead:
model of the control system that allows the detaation
of some of the parameters of the system. Based om
parameters and Ziegléfichols tuning method was ma
simple method to adjust the parameters of PID otletr
Theoretical considerations are confirmed by siniotain
Matlab/Simulink environment whh declare the high
efficiency of the proposed method , also the seitgitof
the resulting control law to the disturbances & thput
variables and parameters of the circuit , Simoie
results show the improvement of the dynamic resgs
and the rbustness against load variations or param
variations , the results shows that the main limitfactor
for the maximum amplification of the converter whiis
not a result of the proposed control methods, het
physical characteristics of the sys and can not be
overcome by choosing the control i
Therefore, the future work could be oriented to
performance of the adaptive procedure, based ot
proposed method, which would allow adjustment dd
controller parameters in real tirextensions.
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