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_ The invention relates to a method'for fuzzy inference in
a fuzzy control loop. '

5 An article by Glnter TrautZl entitled "ﬁnscharfe Logik:
Fuzzy Logik" ("Fuzzy Logic") appeared in "Der Elektroniker", Nb.
3, 1990 on pages 39-43. |

The names rule-based- gystem, ambivalent logic and multl-
valued logic are also used instead of the designation of fuzzy
10 logic. | |
Fuzzy logic was'deVeioped as early as 1965 in order to
be able to process. even inaccurate and incomplete data records.
Measured values are described by linguistic variables instead of
by numbers. Fuzzy sets, for example pbsitively large, positively
15 average, positively small, approximately =zero, negatively small
etc. are introduced for the linguistic variables. This fuzzy set
is defined'by its membership function.
The _membership function specifies to what degree an
element from the value range is contained in the set. A control’
20 strategy is implemented by combining the linguistic variables in
their fuzzy sets. .

!E' _ The actuating signal is generated with the aid of simple
if-then rules. The following exemplary control strategy is used
in the fuzzy control. '

25 First® Rule: .
If the input variable of the controller is negatively small and
at the same time the change in the input variablé of the
controller is positively small, then the manipulated variable is
positively small. |

30 Second Rule: | _
If the input variable of the controller is negatively small and
the change in the input variable  is positively large, then the
manipulated variable is negatively small. '
Third Rule: | ' _

35 - If the input variable of the controller is approximately zero
| and the change in the input variable is positively small, then

the manipulated variable is negatively small.

Fourth Rule: This Sheet Has Been Reﬂlaced
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fuzzy linguistic manlpulated variable which is to be
transformed into a sharp physical variable is produced as a
result of the combination._In'acCordaﬁce with the prior art,
this purpose is served by determining the centre of gravity of
fuzzy 6utput _variable, the calculation of which requires a
comparatively long time, because many multiplications and a
division have to be carried out. The calculation of the value of
the manipulated variable from the fuzzy set is also designated
as defuzzification. |

It is therefore the object of the 1nvent10n to spec1fy a.

method for a fuzzy control loop which renders the fuzzy control
loop substantially faster without a substantial negatiVe'effect
on the remaining controller characteristics.

The invention achieves this object by providing only two
fuzzy sets "positive” and ‘"negative" for the manipulated
variable of .the fuzzy controller.

The invention proceeds from the idea of dividing the
manipulated wvariable only into two states "posgitive" and
"negative" and no longer, as in the priof art, into arbitrary

states such as, positively small, negatively small and

negatively large. This measure has the advantage that the
defuzzification can now be carried out only by subtraction and
no longer by a series of.multiplications and a division. Much
time is saved as a result; the controller becomes sﬁbStantially
quicker because the computational outlay for subtractions is
substantially less than for multiplications and divisions.
Nevertheless,' the advantages of a fuzzy control 1loop are
preserved. '

Fig. 1 shows the membership functions of a known fuzzy control
- loop,
Fig. 2 shows membership functions of a control loop accordlng
to the invention, ' _
Fig. 3 shows an exemplary embodiment of the invention.

Fig. 1 shows the membership functions of a first and a
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second  input variable as well as of the output variables
calculated therefrom. The defuzzification is performed by
calculating the centres of gravity of the hatched areas in the
diagrams. _ ' _
The membership functions in accordance with the
invention are illustfated in Fig. 2. The defuzzification is
performed by subtraction of the maximum memberships of the two
sets "positive" and "negative" :
, An exemplary embodiment of the invention is shown in
Fig. 3. '
The first and the second input variables of the
controller are fed to a group of blocks ZF, where the membership
functions are filed. The outputs of these blocks ZF are
connected to the inputs of a network U composed of comparators
and multiplexers, where the minimum combinations are carried out
in accordance with the rules. The outputs of the network U are
connected to the inputs of a network 01 and a network 02. The
maximum combinations in accordance with the rules are carried
out in the two networks 01 and 02. However, in accordance with

the invention a distinction is made only between "positive" and

"negative" for the manipulated variable. Further states such as,
for example, positively small, positively large, positively
average, negatively small, negatively large, or negatively
average are not provided. The outputs of the two networks 01 and
02 are connected to the inputs of a subtractor S at whose'output
the sharp manipulated variable SG can be tapped.

In the case of the invention, the subtractor S is
provided instead of mulitpliers and dividers. The runtime for
calculating the manipulated variable is substantially reduced by
this measure. Multipliers and dividers, which are provided in
the prior art instead of the subtractor, requife a substantially

‘longer runtime for calculating centres of gravity.

The fuzzy control loop according to the invention can
easily be constructed from compafators; multiplexers and
subtractors. By comparison with known' fuzzy processors, the
invention therefore represents a very 51mple and cost- effective
implementation of a fuzzy control loop.
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- fuzzy controller.

2. Method according to C;laim 1, characterized in that the
defuzzification is performed by subtracting the maximum
membership of the two fuzzy sets "positive" and "negative".

3. - Method according to Claim 1 or 2, characterized by the
following if-then rules. . ' |

If the input variable of the éontroller is negatively small and
the change in the input variable is positively small, then the
manipulated variable is positive; '

If the input variable' of the controller is negatively small and
the change in the input variable is positively large, then the
manipulated variable is negative; |

If the input variable of the controller is approximately =zero

~and the change in the input variable is positively small, then

the manipulated variable is negative; -

If the input variable of the controller is approximately zero
and the change in the input variable is positively large, then
the manipulated variabl_e is negative. '

4, Method according to Claim 1, 2 or 3, characterized in
that the input variable and the change in the input variable are

‘fed to a first network (ZF) where the mémberhip functions are

filed, in that the output variables of the upstream first
network (ZF) are combined in an adjoining second network (U)
composed of comparators and multiplexers, in that the output
signals of the second network (U) composéd of comparators and
multiplexers are combined in a third and a fourth network (01,
02), and in that the output signals of the third and fourth
network (01, 02) are subtracted from one another in a subtractor
(S) at whose output the actuating signal (SG) for an actuator
can be tapped. | '
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require a comparatively long runtime to calculate the
manipulated variable.
2.2, In order substantially to reduce the runtime for
calculating the manipulated variable in a fuzzy control
10 loop, only the two states "positive" and "negative" are
taken for the manipulated variable. During the
defuzzification, ~ the calculation of the manipulated
variable is performed by means of a subtractor instead of
by means of multipliers and dividers. As a result, the
‘15 _ ‘runtime is éubstahtially reduced;:the controller becomes
| substantially quicker. |
3. Fig. 3
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Method for Fuzzy Inference in a Fuzzy Control Loop

The invention relates to a method for fuzzy inference in a fuzzy control loop.

An article by Giinter Trétut;zl entitled "Unscharfe Logik: Fuziy Logik" ("Fuzzy
Logic") appeared in "Der Elektroniker”, No. 3, 1990 on pages 39-43.

The names rule-based-system, ambivalent logic and multi-véIued' logic are also
used instead of the designation of fuzzy logic.

" Fuzzy logic was developed as early as 1965 in order to be able to process even -
inaccurate and incomplete data records. Measured values are described by linguistic
variables instead of by numbers. Fuzzy sets, for example positively large, positively
average, positively small, approximately zero, négatively small etc. are introduced for the
linguistic variables. This fuzzy set is defined by its membe;ship function.

The membership function specifies to what degree an element from the value
range is contained in the set. A control strategy is implemented by combining the
linguistic variables in their fuzzy sets.

The ‘actuating signal is generated with the aid of simple if-then rules. The

.4 - following exemplary control s&ategy is used in the fuzzy r;ontrol.
First Rule:
If the input variable of the controller is negatively small and at the same time the change
in the input variable of the controller is positively small, then the manipulated variable is
positively small.
Second Rule:
If the input variable of the controller is negatively small and the change in the input

variable is positively large, then the manipulated variable is negatively small.



plutalitty of linguistic expressions for each input variable nQFQLA@EvENToaggx
menber ship functions each being assigned to one linguistic e pressuiqu%@
control loop also having a set of if-then rules, wherein the|rgle

declared to be "positive" or "negative" if- then rul es dependepi—on—theit=s
statenent in the "then"- part of the rul e whet her the output mani pul ated
vari able has to be "positive" or "negati-v@'; the 'control |oop al so having
second nmenbership functions for each "positive" if-then rule and third

menber shi p Third Rule;

If the input variable of the controller is approximately zeré and the change in the input
variable is positively small, then the manipulated variable is negatively small.

Fourth Rule: |

If the input variable of the controller is approximately zero and the change in the input
variable is positively laige, then the mahipulated variable is negatively large.

A fuzzy linguistic manipulafed variable which is to be transformed into a sharp
physical variable is I;mduced a§ a result of the combination. In accordance with the prior
art, this purpose.is served by determining the centre of gravity of fuzzy output variable,
the calculation of which requires a comparatively long time, because many multiplications
and‘a division have to be carned out. The caiculation of ﬁe value of the manipulated
variable from the fuzzy set is also designated as defuzzification.

It is therefore the object of the invention to épecifya method for a fuzzy
control loop which renders the fuzzy control loop substantially faster without a substantial
negative effect on the remaining controller characteristics.

The invention achieves this object by providing only; two fuzzy sets "positive"
and "negative" for the manipulated variable of the fuzzy controller. *

The invention proceeds from the idea of dividing the manipulated variable only
into two states "positive” and "negative" and no longer, as in the prior art, into arbitrary
states such as, positively small, negatively small and negatively large. This measuré has
the advantage that the defuzzification can now be carried out only by subtraction and no
longer by a series of multiplications and a division. Much time is saved as a result; the

controller becomes substantially quicker because the computational outlay for subtractions
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applying said if-then rules to the relevant |inguistic expressions of te
val ues.of the input variables, - determ ning the nmenbership values for each
i f-then-rule based on the second and thi‘r@ menber shi p functions, -
subtracting the nmaxi mrum nmenbershi p val ue of all

is substantially less than for multiplications and divisions. Nevertheless, the advantages

of a f;lzzy control loop are preserved.

Fig. 1 shows the membership functions of a known fuzzy control loop,

Fig. 2 shows the membérship functions of a control loop according to the invention,
Fig. 3 shows an exemplary embodﬁnent of the invention.

Fig. 1 shows the me'rr;bership functions of a first and a second input variable
as well as of the ouiput vaﬂables'calcﬁlated therefrom. The defuzzification is performed
by calculating the centres of gravity of the hat'chéd areas in the diagi:ams.

The membership functions in accordance with the invention are illustrated in
Fig. 2. The defuzzification is performed by subtraction of the ‘max;1m}1m memberships of

. the two sets "posiﬁve" and "negative".

An exemplary embodiment of the invention is shown in Fig. 3.

The first and the second input variables of the controller are fed to a group of
blocl;s ZF, where the membership functions are filed-. The outputs of these blocks ZF are
connected to the inputs of a network U composed of comparators and multiplexers, where
the minimum combinations are carried out in accordance with the rules. The outputs of
the network U are connected to the inputs of a network Ol and a network 02. The
maximum combinations in accordance with the rules are carried out in fhe two netwbrks
01 and 02. However, in accordance with the invention a distinction is made only between
"positive” and "negative" for the manipulated variable. Further states such as, for
example, positively small, positively large, positively average, negatively small, negatively
large, or negatively average are not provided. The outputs of the networks 01 and 02 are
connected to the inputs of a subtractor S at Whose output the sharp manipulated variable

SG can be tapped.
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subtracting step. 2. Method according to claim1, wherein SoﬂU Set of If-
then-rules include the followng rules, - if said first input variable is
"negatively sndll" and a change in sai d'fﬂrst i nput variable is "positively
smal | ", then said output nmanipul ated variable is

In the case of the invention, the subtractor S is provided instead of multipliers
and dividers. The runtime for calculating the manipulated variable is substantially reduced
by this measure. Multipliers and dividers, which are provided in the prior art instea\d of
the subtractor, require a substantially longer runtime for calculating centres of gravity.

The fuzzy control loop according to the invention can easily be constructed
from comparators, multiplexers and subtractors. By comparison with known fuzzy
processors, the invention therefore represents ‘a very simple and cost-effective

implementation of a fuzzy control loop.
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1. " Method for fuzzy inference for a fuzzy control loop, characterized in that only

two fuzzy sets "positive” and "negative" are provided for the manipulated variable of the

fuzzy controller.

2. Method according to Claim 1, characterized in that the defuzzification is

performed by subtracting the maximum merﬁbership of the two fuzzy sets "posiﬁve" and

"negative". - |

3. Method according to Claim 1 or 2, characterized by the following if-then ruies.
| If the input variable of the controller is negatively small and the change in the input

variable is positively small, then the manipulated variable is positive;

If the input variable of the controller is negaﬁvely small and the change in the input

variable is positively large, 'then the ménipulated variable is negative;

If the input variable of the controller is approximately zero and the change in the input

variable is positively small, then the manipulated variable is negative;

If the input variable of the controller is approximately zero and the change in the input

variable is positively large, then the manipulated variable is negative.

4, Method according to Claim 1, 2 or 3, characterized in that the input variable

and the change in the input variable are fed to a first network (ZF) where the membership

functions are filed, in that the output variables of the upstream first netwoi'k (ZF) are

combined in an a&joining second network (U) composed of comparators ana multiplexers,

in that the output signals of the second network (U) composed of corqpa:ators and

multiplexers are combined in a third and a fourth network (01, 02), and in that the output

signals of the third and fourth network (01,02) are subtracted -from one another in a

subtractor (S) at whose output the actuating signal (SG) for an actuator can be tapped.
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Met hod according to claim 1, wherein sai t put mani pul ated variable is an
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whet her the output mani pul ated variabl e has to be "positive" or negative",
the control |oop al so having second nenbership functions for each
"positive" if-then rule and third nenbership functions for each negative"

i f-then-rul e conprising Abstract
METHOD FOR FUZZY INFERENCE IN A FUZZY CONTROL I1.OOP
1. Fuzzy control loop
2.1 In fuzzy control loo.p, the so-called defuzzification is performed by means of

multipliers and dividers which require a comparatively long runtime to

~ calculate the manipulated variable.

2.2 In order substantially to redﬁce the runtime for calculating the manipulated

. variable in a fuzzy control loop, only the two states "positive" and "negative"
are taken for the manipulated variable. During the defuzzification, the -
calculation of the manipulated variable is performed by means of a subtractor
instead of by means of multipliers and dividers. As a result, the runtime is
substantially reduced; the controller becomes substantially quiéker.

3. Fig. 3
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1. Method for fuzzy inference for a flzzy control loop,
said control loop having at least two input variables
and providing an ocutput manipulated variable for an
actuating signal, said control loop also having a
plurality of linguistic expressions for each input
variable and first membership functions each being
assigned to one linguistic expression; said control
loop also having a set of if-then rules, wherein the
rules are declared to be "positive" or "negative" if-
then rules dependent on their statement in the “then"-
part of the rule whether the output manipulated
variable has to be "pogitive” or *negative®, the
control loop also having second menbership functions
for each "positive"'if-then rule and third membership

functions for each "negative" if-then-rule comprising
the steps of:

- detexmining the relevant linguistic expressions for the
measured value of eaéh input variable based on the
assigned first membership functions,

- applying said if-then rules to the relevant linguistic
expressions of the values of the input variables,

- determining the membership values for each if-then-rule
based on the second and third membership functionms,

- subtracting the maximum.membership'value of all
*negative" if-then rules, from the maximum membership
value of all *positive" if-then-rules,

- determining the value for the cutput manipulated
variable for said actuating signal based on the result
of the subtracting step.

2. Method according to claim 1, wherein said set of if-
then-rules include the following rules,

if said first input variable is "negatively small® and
a change in said first input variable is *positively
small", then said output manipulated variable is
rpositiver,

e

__._—-———'-"1

. \FH\S SHEET HAS BEEN
A

REPLACEMENT SHEET

REPLACED




ya?qe of all+™positive1f-then-rules, - determning the value for the

but gut mani pul Tmﬂl gﬂﬁ"}“m ﬁ/ﬂ | said actuating signal based on the result
of the subtract ! .hod according to claim1n¢ | gtk S t
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variable is "negatively small" and a change in said first input variable is

"positively small", then said output manipul ated variable is "fositive",
- if said first input variable is "negatively small" and

a change in said first input variable is “positively
large", then said output manipulated variable is
*negative®,

- if said first input variable is "approximately zexo"
and a change in said first input variable is
"positively small®, then said output manipulated

~ variable is "negative", and

- it said first input variable 1s "approximately zero"
and a change in said first input variable is
*pogitively large®, then said output manipulated
variable is "negative".

3. Method according to claim 1, wherein said output
manipulated variable is an actuating signal and said
step of determining the membership values tor each if-
then-rule includes the step of combining outputs
derived by applying said first membership functions to
sald first and second input variables using
comparators and multiplexers.

4. Method according to claim 1 to 3, whereln said second
input variable is the change in said first input
variable.
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- if said first input variable is "appr and a change in said
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Met hod "accor di ng to claim1, wherein sald output nanipul ate

actuating signal and said Claims

1. Method for fuzzy inference for a fuzzy control loop,
said control loop having at least two input variables
and providing an output manipulated variable for an
actuating signal, said control loop also having a

o plurality of linguistic expressions for each input

' variable and first membership functions each being
assigned to one linguistic exﬁfession. said control
loop also having a set of if-then rules, wherein the
rules are declared to be "positive" or "negative" if-
then rules dependent on their statement in the ®*then®-
part of the rule whether the output manipulated
variable has to be "positive" or “negative®, the
control loop alsc having second membership functions
for each "positive"if-then rule and third membership
functions for each "negative® if-then-rule comprising
the steps of:

- determining the relevant linguistic expressions for the
measured value of each input variable based on the
assigned first membership functions,

- applying said if-then rules to the relevant linguistic
axpressions of the values of the input variables,

- detarmining the membership values for each if-then-rule
based on the second and third membership functions,

- subtracting the maximum membership value of all
"negative" if-then rules, from the maximum membership
value of all "positive® if-then-rulss,

- determining the value for the ocutput manipulated
variable for gaid actuating signal based on the result
of the subtracting step.

2. Method according to claim 1, wherein said set of if-
then-rules include the following :ules. :

if said first input variable is "negatively small" and
a change in said first input variable is “positively

small*, then said output manipulated variable is
"positivar, -



stép of determ n! ng t he rrenbership va“m"mmumﬁ ] t_hen rggpq_pjdwmgg -
the step of conbi ning outputs derived firs nenbﬁ{ghgﬁ -
functions to said first and second inptit varyi a¥l e§ using co ¢ @ a

mul tipl eXers. 4. Method according to clgiml to 3, wherein bekd—secong—r—-
I nput variable is the change in said first input variable.

- if said first input variable is "negatively small" and
a change in said first input variable is "positively
large", then said cutput manipulated variable is
"negativer,

- if said first input variable is *approximately zexo*
and a change in said first input variable is
'bositively small"”, then said output manipulated

_ variable is "negative®, and

- if said first input variable is "approximately zero®
and a change in said f£irst input variable is
"positively large", then said output manipulated
variable is "negative".

3. Method according to claim 1, wherein said output
manipulated variable is an actuating signal and said
step of determining the membership values for each if-
then-rule includes the step of combining outputs
derived by applying said first membership functioms to
sald first and second input variables using
comparators'énd multiplexers.

4. Method according to claim 1 to 3, wherein said second
input variable is the change in said first input
variable.
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