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Abstract: A hybrid boosting converter (HBC) with collective advantages of regulation capability from its boost
structure and gain enhancement from its voltage multiplier structure is proposed in this paper. The new converter
incorporates a bipolar voltage multiplideaturing symmetrical configuration, single inductor and single switch, high

gain capability with wide regulation range, low component stress, small output ripple and flexible extension, which
make it suitable for froaénd PV system and some other reable energy applications. The operation principal,
component stress, and voltage ripple are analyzed in this paper. Performance comparison and evaluation with a number
of previous singleswitch singleinductor converters are provided. Fuzzy Controlled edofoop of the proposed
converter is studied ansimulated A 3.%0 35 V secongrder HBCprototypeswas built. The experimentaésults
confirmthe feasibility of the proposed converter.

Keywords: Hybrid Boost Converter, Bipolar voltage multiplier Contdus conduction mode, Discontinuous
conduction Mode

I. INTRODUCTION

One of the major concerns in the power sector is the daynpete in the competitive markets as a prime power
to-day increasing power demand but the unavailabilitygeineration source. The constant increase in the
enough resources to meet the power demand usingdéivelopment of the solar cells manufacturing technology
conventional energy sources. Demand has increasedvémld definitely make the use of these technologies
renewable sources of energy to bdiadgd along with possible on a wider basis than what the scenario is
conventional systems to meet the energy demamdsently.
Renewable sources like wind energy and solar energy are
the prime energy sources which are being utilized in this recent years, the rapid development of renewable
regard. The continuous use of fossil fuels has causecettegy system calls for new generation of high gain dc/dc
fossil fuel deposi to be reduced and has drasticaltpnverters with high efficiency and low cost. The front
affected the environment depleting the biosphere andd of @APlug and Playo PV sys
cumulatively adding to globalvarming. Solarenergy is up converter which is capable ofdsing the voltage from
abundantly available that has made it possible to harve3® itto 380Vwith regulation capability due to the low
and utilize it properly. Solar energy can be a d&one terminal voltage and the requirement of MPPT tracking
generating unit or can be a grid connected generatingfunittion for single PV panel. Considering a wind farm
depending on the availability of a grid nearby. Thus it agith internal mediurvoltage dc (MVDC)grid system, a
be used to power rural areas where the availability of ghti$DC converter at# to boost the voltage froni & to
is very low. Another advantage of using solar energy is1be60 kV is required to link the output of generatacing
portableoperation whenever wherever necessary. rectifier to the MVDC line. Some other energy storage
systems such as fuel cell powered system also require
In order to tackle the present energy crisis one hafigh-gain dc/dc converter due to their low voltageeleat
develop an efficient manner in whigiower has to bestorage side. In order to achieve high voltage conversion
extracted from the incoming solaadiation. Thepower ratio with high efficiency, many high gain enhancement
conversionmechanisméiave been greatly reduced izes technigues were investigated in the previous publications.
in the past few years. Thelevelopment in powerAmongthem, switcheatapacitor structure, tapped/coupled
electronicsand material science has helped engineerénttuctorbased technque, transformerbased technique,
come up very small but powerful systems towith stand ¥oltage multiplier structure or combinations ofthem
high power demand. But the disadvantage of these systdiracted significant attentions. Each technology has its
is the increased power densityefd has set in for the usenique advantages and limitations. The switched capacitor
of multi-input converter units that can effectively handlei dc converter can achieve high efficiency but has
the voltage fluctuations. But due to high production cqsilsating current and poor regulation capability.
and the low efficiency of these systems thag hardly  Introduction of resonant switchaspacitor converter can
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alleviate the pulsating current but does not solve swétched capacitor cells were proposed and numerous
regulation issue. The tappednductor and transformetopologies were derived by applying them to the basic
facilitates gain boosting function buequires snubberPWM dd dc converters. Typical topologies are shown as
circuit to handle leakageroblem. The combination ofFig. 2.5 and 2.6.

above technologies usually vyields promising circuit
features but with excessive numbercomponentsln this )
paper, gain enhancement technology based ¢ }' ;

modification of traditional bost converter while L
maintaining single inductor and single switch isV,
investigated, targeting at simplifying the circuit design C)
reducing the cost, satisfying the demands of normal hic ™~

gain applications, and facilitating mass production. EEI}

. CONVENTIONAL CONVERTERS

Fig 2.3superlift with elementary circuit
The idea of gain enhancement from a boost converter
started from quadratiboost. It achieved higher voltage
gain with a single switch, yet introduced high componen
voltage stress. Nevertheless, this converter motivated hi T °

gain convertedevelopment follow on. o Lo .

Many gain extension methods of boost converter b o, L

D3
adding only diodes and capacitors were investigated in ti ] T ¢4
past. The method of combining boost converter Witl\/inqr) . _34} )
traditional Dickson multiplier and Cockcrofivalton ¢
multiplier to genere new topologies were proposed in, D4
such as topologies in Fig. 2ahd 2.2 ==Cs
Ds -|-

el 162

L v " Fig 2.4central source multilevel boost converter
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" Inspired by the above topologies, a new hybrid boosting
- C) ‘ ) converter (HBC) with single switch and single inductor is
in\ spy L© LC4 4°5 Vour  proposed by employing bipolar voltage multiplier (BVM)
- in this paper. Compared with other listed topologies in
Figure, the proposed convertgcreases the voltage rating
of output filter capacitor and exhibits the nature
interleaving operation characteristics. Compared with the
converter in Fig. 2.4, the proposed converter has smaller
output ripple and higher components utilization rate with
respect to conversion ratio. Some interleaving
Iint i technologies for ripple reduction and power expansion
1 JL o * were reported in the literature, but these methods are
Vm(_) iﬁ} L Voue  hormally based on circuit branch expansion which requires
Cs more components. The proposed topology adsieved
smaller ripple with single switch and single inductor while
maintaining high voltaggain.

Fig 2.1.Boost+ Dickson multiplier
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Fig 2.2Boost+ Cockcrofi Walton multiplier

Ci
Air core inductor or stray inductor was used withil -vl;v- —]|
voltage multiplier unit to reduce currentilpationin. An
elementary circuit employing the super lift technique we D2 .
proposedn andextended to higher gain applications suc v, *) . R vy
as Fig. 2.3. Its counterpart of negative output topology a T D1 G out
double outputs topology were proposed afiscussed. i
The concep of multilevel boost converters was C2
investigated and the topology of Fig. 2.4 was given |
central source connection converter. Besides, two Fig 2.5 central saee multilevel boost converter

7
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Recently, many more structures achieving higher ga S
were alsaeported but they adopted at least two inductors g Db [D2b Db fDab Dy
or switches, or some are based on tappe B A B v =i
inductor/transformer, which may complicate the circui
design and increase cost. Cﬁb C|4lb Cmb
This paper is organized as follows: chapter 4 gives ti il o ' +vl_‘
edb™ cmb

+Van-

general topology of basic HBC and discudbesoperation Fig3.2 Odd order HBC

principal. The steadgtate analysis is given in Section 5.
Circuit performance analysis such as components stre
voltage ripple and circuit comparison are presenteoﬁ_|
Section 6. Simulation and experimental results are give
Section 7 ad the conclusion is drawn in Section 8.

isl’nductlve Switching Core
i HBC topology, the inductor, switch and input source

er as an fAinductive switch

can gener at e t wo Acompl ir

Waveforms at port AO and port OB. Although the two
voltage waveforms have tihéndividual high voltage level

d low voltage level, the gap between two levels is
identical, which is an important characteristic of inductive
switching core for interleaving operation

[ll. PROPOSEDCONVERTER

The proposed HBC is shown in Fig. 2. There are
versions of HBC, odarder HBC and evenrder HBC as
shown in Fig. 2(a) and (b). The everder topology
integrates the input source as part of the output voltage,
leading to a higher components utilizati rate with
respect to the same voltage gain. However, they share
similar other characteristics and circuit analysis method.
Therefore, only eveworder topology is investigated in this
paper.

o}
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Fig.3.3 Inductie threeterminal switching core
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A BVM is composed of a positive multiplier branch and a
negative multiplier branch, shown in Fig.3.4 and 3.5.
Positive multiplier is the same as traditional voltage
multiplier while the negative multiplier has the input at the
cathode terminal of cascaddibdes, which can generate
negative voltage at anode terminal, shown in Fig. 3.5. By
defining the high voltage level at input AO ¥ga, the
low voltage level asvpa, and the duty cycle of high
voltagelevel as D, the operational states of the emeater
positive multiplier is derived as Fig. 5 and illustrated as
following:

a).State 1[0, DTs]:

When the voltage at port AO is at high level, didies(i
=2kT1 1,2kT 3...3, 1) will be conducted consecutively.

+Vew- +Vub~
Fig3.1 Even Order HBC
DOI 10.17148/1JIREEICE.2016.4924
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Each diode becomes reversely biased rgefthe next —  Ou — O — O
diode fully conducts. There are K sub states resulted it P i dn
shown in Fig. 5(a).CapacitdCia (i = 2, 4 . . . 2k) are O = O L s o & "
discharged during this time interval. Assuming the flyin - e — T

capacitors get fully charged at steady state and dioc 2kl okt ]m_”a_|_
voltage drop areeglected, the following relationship car Tl T
be derived:

D,

g

= (ke

bl

“(ieln] J_
Cowy C
Veta = Vao+ 1 T -Ci_lkdja ( ]T L |2k-2)T |
Vcia = V¢i+1)a (l =246, ,ZkT 2) . (2) J J T (2k-3)a T : “C(Zk-l)n

1 a W b,
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=|=C(2k-3}a G Fig3.5 Operation modes of evender BVM positive
! : i(TZ:4)a T branch. (b) State 2[DT3s].
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High level

Thus, the capacitor grougi, (i = 2, 4. . . 2k) can be

replaced by an equivalent capaci@®eq The diode group
Cla Dia (i =2 4. ..2K) which provides the charging pafibr
C2a(eq) is equivalent to a single diodyeq - Similarly,
Highleel the capacitor grouCia (i = 1, 3, . . .2k T 1) can be

0 0 0 replaced by an equivalent capaci@g.q and diode group

(1) 0 (k) Dia(i=13 ...2kT 1) by Diaeq - The final equivalent

Fig 3.4 Operation modes of everder BVM positive  evenorder positive multiplier branch is given as Fig. 6(a).

High level

branch. (a) State 1[0, DTs] A similar analysis yields the equivalent negative multiplier

branch asshown in Fig. 6(bAccording to (1) (4), the
b).State 2[dTs, Ts]: voltage of equivalent capacitor€iaeq ,Coaeq Can be
When the voltage at pbAO steps to low level, diod@2k expressed as following:
a is conducted first, shown as Fig. 5{(ii). Then the
diodesDia (i = 2,4, .. .2k1 2) will be turned on one afterV aeq = k(Vao+ T Vaor) (6)
another from high number to low. Each diodewill b€ aeq= (KT 1)(Vao+T Vaoi) *+ Vao-. @)
turned on when the previous one becomes blocked. Only
diode D, is conducted for the whole time interval of [@or the negative branch shown in Fig. 6(b), the following
dTs], since capacito€ 12 has to partially provide theesults can be obtained based on similar analysis:
load current during the whole time interval. Even thoughereVOB+ is the high voltage level of input port OB and
not all the diodes are conducted and blocked at the sd@®i is the lowvoltage level.
time, the flying capacitors still have the following
relationship by the endof this time interval: vebed = K(Vos+T Vogr) (8)
Vetbeg = (KT 1)(Vop+T Vosr ) + Vog+ 9
Veoa = Veia T Vao (3
Vcia: Vc(i+1)a (I = 3, 5, 7, e ,2kT l) (4)

Out+

According to charge balance principal, the total amount _|
electrical charge flowing into capacito@a (i=2,4,... ]
2k) should equal to that coming out from them in .
switching period at steady state, therefore

| C2a(eq)

D1a(eq)

_Cla(eq)

-

0 Out-
Fig 3.6. Equvalent circuit ofEvenorder positive

(5) multiplier andEvenorder negative multiplier

k DTs k Ts
" )
E f E"Eﬁudf = E f f‘ﬂﬁudf-
i—1 40 i—1 <+ 0T
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V. DESIGN EQUATIONS Cq¥Vesa= (KT 2+D)IoTs

Equivalent Capacitance Derivatiomissuming capacitors

GCa(i=1 2 3,...2K have the same capacitanCein

order to derive the equivalent capacitanceCgfey and

Ciaeg In expression of C, a voltage rippldased

calculation method is proposed in this section. AssumByd/ ks = (04D) IoTs. (18)

the peak to peak voltage ripple of the flying capacitors can

be expressed awv., (i = 1, 2, 3. . . 2K), the ripple of Substituting (10) to (18), the following equation is
equivalent capacitor Cyaeq isqV , the following derived:

relationship can be approximated:

T 1)
CqV =¢( + kD) loTs. (29)
q)/: V%'F %a'F . Vc2ka . . (m) 2
Meanwhile, the following equation can be derived based

In Fig. 5, assuming the average currentgi(i = 1,2,3.. 5, discharging stage of equivalent capadiQpe :

. 2Kk) during [0, dTs]is i(=1,2,3...2K) I za@f and
the average current dfi, (i =1, 2,3...2k) during [dTs, Coaeg® = 10DTs (20)
Ts]is i@m (=1 2 3...2K), according to charge

balance of capacitoiGa (i = 2,4 . . . 2k), it can be derivedBased on (19) and (20), the equivalent capadligg, can
that be expressed

i iaQon)DTSz iia(oﬁ)DC)TS(i = 2, 4, . Zk) (11) CZa(eq) = mc (21)

At thesame time, state 1 gives Similarly, in order to derive the equivalent capacitance of

T T ion= T (0o (=24, ...2kT 2) (12) Cla(eq), the following equation can be derived:
State 2 gives Cq)(;q)/cla(k:_klf;l—s .

- _ cza = (K1 ols

|ia(off) = |(i+l)a(off)i = 1, 3, 2K 3) (13) Cq)/cz(ki 1= IOTS (22)

Bgsed %ﬂ the (11§13), the following relationship can be At the same time, the following equation exists:
obtained:

' Craeqg@ = loTs (23)
12a(0ff) = l4a(off) = - - - kaki 4)a(off)
e (14) Where q/ _= Ve + (eza t - - - @Ve( 1.
(21 2)a(off) = (2K 1)aoff) - Therefore, the expression Gfeq is obtained
Based on charge balance of capadiigy, it can be 2
derived that Craed = 7 1y © (24)
i20d 1a@m)D 0 FSlors (15) Because of the symmetry, the equivalent capacitance

_ Cipeg andCapyeq is given as following:
I2kao)DTS= 1 2QonDT1S=1,DTs  (16)

2

wherel = £% Clb(eq)_m. (23)

hf Cabed™ g 7o 2 _c, (26)

qQ 1+ 20)|
According to KCL in Fig. 5(b), voltage ripple of
capacitorCia (i = 2,4 . . . 2k) can be obtained V. MODES OF OPERATION
CoVeoa = (I2ka(off) + 12K 2a(0ff) + - - - Wagoff)T 12a(0ff))DOTs Based on the simplificatiomethod discussed in previous
CaVeaa = (izkaoir) + 12k 2a0ff) T - - - - kaoff)) section, the general evemder HBC in Fig. 2(b) can be
DOT's CoVezka = T2kaoity DOTS a7 simplified to an equivalent HBC circuit, shown as Fig. 8.
Careful examination of the topology indicates that the two

whereD6= 11 D. fiboost 0 clrcuite eare mtertwined through the

Based on the equations from (14) to (16), the equatiperation of the active swhcS. The total output voltage
group (17) can be reduced to the following expression: of HBC is the sum of the output voltage of two boost

subcircuits plus the input voltage. Three operation states
CaVeza = (KT 1 +D)IoTs are described as Fig. 7.
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Fig5.1 HBC mode 1

As illustrated in Fig.5.2, wheS8is turned off, the inductor
current  will free wheel through diodesDyaeq
anypeq. The inductor is shared by two charging boost
loops. In the top loop, capacit@i.eq IS releasing energy
to capacitoiCyaeq and load at the same time. In the bottom
loop, input source charges capacitgeq through the
inductor L. During this time interval, voltage generated at

AO and OB is expressed as following based on inductor
ey balanceprincipal:
= vcla(eq) +
- X Vaor=1Ving (29)
R Vou Vog. = 22 (30)
N i Mode 3:[(D + D1)Ts, Ts]
T vl:]b(eq}

Caateqf +
T Ve2aeq

In Fig. 7(a), switch S is turned on and diod®geq .
Dapeq conduct while diodeB aeq andDipeq are reversely
biased. The inductor L is charged by the input source
Meanwhile, capacitoCi,eq iS charged by input source
and capacitoCypeq iS charged by capacit@,eq. At this
interval, thefollowing equations can be derived based or

Iin 1 +
V; *5
m Q' R Vout

the inductive switching core analysis:

4V por = Vin
Vog = 0

Mode 2[DTs,(D+ D1)Ts]

(27)
(28)

Cabieq) +‘ D1

- iVezbieq)

i+
T Vcla(eq)

T Velbleq)

D 2b(eq)

Fig5.2 HBC mode 2
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Fig 5.3 HBC mode 3

Under certain conditions, the circuit will work under DCM
operation mode, thus the third state in Fig. 5.3 appeals. At
this state, the switch S is kept off. The inductor current has
dropped to zero and alhé diodes are blocked. The
capacitorCyeq andCqegare in series with input source to
power the load. During this time interval, voltage
generated at port AO is zero while at OB/is.

VI. STEADY-STATE ANALYSIS

6.1 Voltage Gain Derivation In CcmMode

In steady state, the CCM mode operation waveforms are
given as Fig. 9(a). The waveforms ¥fo and Vog are
presented based on operation principal analysis previously.
Under CCM conditionp; = 11 D = D& Based on (6) and
(8), the equivalent voltage @haeq andCayeq is obtained

as

(A1)
k—
. ONj

we
Vezaeq = kE\l]

(31)
(32)

Veoneq =

117
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Therefore, the voltage ratio of a general 2&tder HB Substituting (37) to (32), the following equation can be

shown in Fig. 2(b) is derived as following: derived:
wout _ i _ 50202y
= _1+2k'ONj (33) Vout =Vin + 2k (Vin +W) (40)
A . E E 5 Solving the (38) gives the voltage gain in DCM mode
S E . a2, 2202°Y
' . dﬁéb: 20+1+ (20+1)4+0 =
v . . : > @5e 2 ' “1)
VAU - oVin -
Va4 t ‘ ; i i :
Vor ==Vin/D’ S E
- H t
! ; ] t H H H H
Vezae W Vio - | i
[ (] (] [] = v >
W : i H : t " f‘hmm"'-_l_v.,il»mﬂm ._I E !
C2b(eq) _/;\!_/:;\! Vos '—\_i _Li .
: : : T : : : Pt
/:\:/\: IDI (eq) ' ! !
" P F bt N L -~
o[ DY Ay ' Tt ID2a(eq) N N R
State 1 | State2 | I H E i E t
Fig 6.1CCM mode waviorm L : :/7\ :
6.2 Voltage Gain Derivation InDCM Mode of DTYEL Tsn, s ¢
Under DCM operation mode, the waveforms of voltage at State 1 | State2 | State3 |
input port AO, OB are shown in Fig. 6.2. Based on (6) and Fig 6.2 DCM mode
(8), the voltage gain can be expressed as
O+ ONj 6.3 BRM Mode Analysis
Vout =Vin + XVin=-=. (34) In order to derive boundary condition for CCM and DCM
) ] mode, theaverage power balance is used
In Fig. 6.1, theinductor current can be expressed as
following during state 2: Vin (IL+ Ipiaeq) = Voutlo (42)
IL = Ip2aeq * Ipibeq - (35) wherelpiaeq=lo = ‘*D;“

According to charge balance principal of the circuit Thus, the average currentlofunder CCM condition is

Ib2ateq = lp1veg = lo (36) I N Y . (43)

where Ipzaeq and Ipieq are the average current in thEhe current ripple of inductor is

wholeswitching period. e

As current waveforms Ofpsaeq and Ipmeqg Should both L =—-DTs. (44)
have triangle shape, they will share same peak current

value, which is half of the inductor peak current. Therefdifeerefore, the CCM condition is

1065 20 €60 W@

Ip2a(eqpi p = Ip1bieapr p =5 DTs (37) N Y >, DTs . (45)

The average current bfeq in @ switching period is,, The criteria can be rearranged as
thus

20 OONj 2
—>——0—— =Kt (D) (46)
; Nj crit
2oy 228DTs =lo (38) YY 2(oR20)
_ S The curves oKcrit(D) with k = 1, 2, 3 are shown in Fig.
This can be simplified to 10. It can be seen that when the voltagdtiplier stage
A0 increases, it is easier to achieve CCM when other
Dl =" (39) parameters are fixed.
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0.03 sl o] differencebetween preset signal and output is calculated.
LT - It is called error; this error signal is used to control the
0.025p !.” ‘\_\. — k=3 process.
i B " 1  Preset Sianal
a N .\_ »
goor [ *\ 1 — Process » output
l' ‘"\
oot , 1
_'l sz B = \ZL/RTS Feedback <&
0.005} 1 "f -...s..‘ .\\ p «
o RN Fig 7.2 Closed loop system
OD 0.2 0.4 0.6 0.8 1
Dutv cvcle(D)
Fig 6.3Kcrit(D) with variation of K 7.3 Closed loop HBC
VII. CLOSED LOOP HYBRID BOOST . "
CONVERTER o
Cza 5
7.1 Introduction Tmn .
The performance of Hybrid Boost converter can b == Cn +

improved further bya closed loopcontrol. Even though
the open loop Hybrid Boost Convertersimple, it is not
capable of giving an accurate output. Therefore clos
loop Hybrid boost converter using Pl and Fuzzy is studie
and simulated and the performance are analyzed. i
Cay ==
7.2 Open Loop and Closed Loop System X Da
There are basically two different types of control system |

open loop system and closed laystem. P CONTROLLER
GENERATOR

Fig 7.1 Open Loop control system

==Ci1b
D1y

Fig 7.3 Closed loop HBC

The closedloop HBC consistsof a feedback system
Fig 7.1 shows a simple open loop control system. In opemprising of a controller and a pulse generation unit.
loop control system, when an input signal direct th#ferent type of controllers isised such as Propotional
control element taespond,an output will be producedController, Integral Controller, Fuzzy controller and
The open loopsystem achievesn out state at someombinations of these. The MATLAB simulation of open
equilibrium (steady state) point. It &so called as a nofoop HBC and closed loop HBC using Pl and Fuzzy
feedback controller, and is a type of controller tf@bntroller are simulated and results are obtained.
computes its input into a system using only the current
state and its model of system. A characteristic of the op&il PI Controller
loop controller is that it does not use feedback Gombination of Propotional controller and integral
determine ifits output has achieved the desired goal of Huatroller constitutes Pl controller. At present Pl controller
input. This means that the system does not observeishédely adopted in industrial application due to its simple
output of the processes that is controlling .Consequentyracture easy design and low cost. The use of propotional
true open loop system cannot engage in machine learimtegral controller improves transient response. The PI
and also cannot correct any errdnattit could make. Itcontroller will also eliminate forced oscillation and steady
also may not compensate for disturbance in the systemstate error resulting in operation of P controller alone

respectively. Despite these advantages, the Pl controller
Sometimeswe may use the output of the control systemfails when the controlleadbject is highly non linear and
adjust the input signal. This is called feedback. Feedbagkertain
is a special feature of a closed logystem A closed loop
systems compares the output with the expected resulther closed loop HBC controlled using Pl controller has
command status, and it takes appropriate control actiosimwlated using MATLAB Simulink software. The
adjust the input signal. A well designed feedback systeantrol logic of PI controller is shown in figure 7.4. The
can often increase the accuracy of the output fig 7.2 shexsr between output voltage of converter (Vout) and
a closed loop system. ®houtput is feed backed to thdesired output voltage (Vref) is calculated and given as
input. The desired output is given as preset valie input to Pl controller.
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Fig 7.4 Control logic of PI controller

10 Closed  SomewhatClosed  Somewhat Open Open
The controller computes a signal equal to the propotic

gain (Kp) times the magnitude of the error plus
integral gain (Ki) tines the integral of the error. It is the
compared with repeating sequence to generate gate

of converter. It has found that more precise outpt
reduced overshoot and reduced steady state error in ol

But there was no rapid error correction aipple content
not reduced much. Therefore the PI controller is reple 0% Open 5%, 50% 5% 100%0pen=
by a Fuzzy Logic controller.

Fig 7.6Fuzzy Set
7.3.2 Fuzzy Controller ) .
The Fuzzy Controller is a controller which work based A fuzzy inference system (FIS) is a system that uses fuzzy

based on tirduetghroe er aotfh er t [Classification) to outputsclassesn the case of fuzzy

falsed (0O or 1) Bool ean Cclassification).The basic block diagram of Fuzzy Inferegcg  ma |
with estimated values under incomplete or uncer SyS'[em is shown in the block diagram below. It consist of
information. The input variables in a fuzzy control syst & fuzzificationunit, rulebase, data base, a decision making

are in general mapped by sets of membership ifuriUnit and a defuzzification unit.

similar to this, known as "fuzzy sets". The process
converting a crisp input value to a fuzzy value is cal

"fuzzification". Knowledge base

A control system may also have varidayges ofswitch, or . Relebase || Database

"ON-OFF", inputs along with its analog inputs, and st Inputs(crisp) ' ' \ Outpu (rs)
switch inputs of course will always have a truth va '
equal to either 1 or 0, but the scheme can déhl them Fuzsification Defuzafication

as simplified fuzzy functions that happen to be either interface interface

value or another.

Spindle speed,
Given "mapping$ of input variables into membershi 4., T’ l— Surfe

functions andruth values themicrocontrollerthenmakes [ — Dccisitm-makingunjt : mughnuss
decisiongfor what action to take, based on a set of "rule  pthola (Fuzzy) (Fuzzy)
each of the form

Fig 7.7 Fuzzyinference System

Conside an example showing the speed variation ¢ fynction of each block is as follows:

classical set and fuzzy sets. In the classical set , any ¢

can only be categorized into one subset, LOW ,MEDILY Knowledge Base: It contains the rule and datas that

or HIGH,and the boundary is crystal clear. But in Fu: guide the system behavior

set such as shown in the figure belatlvjs boundaryy Rulr base: It contains a number of fuzzyTHEN

becomes smooth and vague. One speed can becateg r ul es . FI S uses Al F. . THENE
into two or may be even three subsets simultaneousl connector s A A KoD iake onecessar® R 0
fuzzy set allows a member to have a partial degrer  decision rules. Fuzzy uses usepplied human
membership between Oand 1 including that. languages rule.
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1 Data Base: It defines the membership function of fu Any of the values will belong to at least one MF with a
set used in fuzzy rules certain degree of membership.
1 Fuzzification unit.; It transforms crisp input data ir
fuzzy so that it may handled in fuzegasoning proces
i.e.;fuzzy set of any kind
1 Decision making unit: It perform the inferen
operation on rules.
1 Defuzzification unit: It transforms fuzzy value to cri
value that constitutes the output of FIS

7.3.3 Input and output Membership functions

In order to control two outputs of the closed loop HE
fuzzy logic controller are usedlt has two input
membership functions and single output member:
functions.The input andinput 1 are the error and chan

Fig 7.8. E I h MF f i i
in error to the fuzzy. ig 7.8. Example afhe three or a given input

Defuzzificztion: The MFs of the output have alysathe
same shape and configuration in our risk model: the risk
vof any problem has the same ranks for the MFs of the
output: low, normal and high, and always without
overlapping.

Figure 7.9 shows the shape of each MF of the output
variable (risk on anyproblem considered in the risk
model).

Fig 7.7 Memberslp functions

7.3.4 Fuzzificationand Defuzzification

For each input and output variable selected, we define

or more membership functions (MF), normally three

can be more. We have to define a qualitative categon  Fig7.9 MFs of the risk of any prtdm within the risk

each one of them, for examplew, normal or high. The model

shape of these functions can be diverse but we will ust

work with triangles and trapezoids (actually usually VIII. MATLAB SIMULATION AND RESULTS

pseudetrapezoids). For this reason we need at least three

(for triangles) or four (for trapezoids) points to defime08.1 Introduction

MF of one variable The MATLAB Simulink is a software package for
modeling, simulating and analyzing dynamical system. It

Next question to be solved is how to fuzzificate all the reapports linear and ndmear systems, modeled in

values of the variable x. First, for a given value of x, fowntinuous time, sampled time or a hybrid of the. The

example ¥ which can belong to one or more MF wamulation result can be put iin MATLAB worgace for

calculate the y value for each of the MF/s whigtbelong. processing and visualization. The MATLAB simulation of

This y value has to be between 0 and 1. conventional Voltagenultiplier, Openloop HBC, Closed
Loop HBC using PI and Fuzzy Controller is carried out.

For example: Consider three MF: low, normal and higheresult of simulation included in this chapter.

and a given value of,xthen the degrees of membership to

each MF (y values) forcan be, for example: 0.6 for thg.2 MATLAB/Simulink Model of Voltage Multiplier

MF low and 0.4 for the MF normal (see Figu6). Conventional voltage multiplier simulation is shown in

Likewise, we can fuzzificate all the values of any varialfigure 8.1 with input voltage 350v
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