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ducting an MIN operation on outputs from the MFCs 101 to 103, and a logic
union circuit 106 for computing an BACKGROUND OF THE INVENTION
MIN operation on outputs from the logic intersection cir- cuit 104 and the
MFG 105. Each of the MFCs 101 to 103 Field of the Invention
5  is supplied with a reference voltage (to be abbreviated as R.V. in
drawings) corresponding to linguistic informa- The present invention
relates to a fuzzy inference  tion (to be abbreviated as L.I. in drawings),
so as to be apparatus for conducting a fuzzy inference and to afunc-  set
to produce a membership function conforming to a tion generating unit to be
employed, for example, in a  rule. Moreover, other parameters of the
membership membership function circuit or a membership function  10
function outputted from the MFC is set by use of a pa- generator of a fuzzy
inference apparatus.          rameter setting unit not shown. The reference
voltage defines a peak position (center position) of the member-
Description of the Prior Art                       ship function. In this
configuration, the MFG 105 is sup- plied with a code representing
linguistic information to An fuzzy inperence is achieved in accordance with
15 produce a membership function associated with the lin- rules in the form
of If ... then ... (modus ponens). The rule  guistic information. The
concluder section 110 includes is represented in a format "If x is A and Y
is B and z is  a logic union circuit 111 for achieving an MAX operation C,
then w is D."                                   on the membership functions
produced from the infer- In this representation, x, y, and z are input
variables  ence sections 100 and a defuzzifier 112 for defuzzifying of an
antecedent, A, B, and C are membership functions 20 an output from the
logic union circuit 111 to produce a thereof, w is a variable of a
consequent, and D is a mem-  determinant output. The logic union circuit
111 produces bership function thereof.                          a fuzzy
output. In the example above, the antecedent includesthree  As described
above, the conventional fuzzy infer- kinds of input variables. In a case of
two kinds thereof,  ence apparatus is provided with an MFC and an MFG the
rule is expressed as follows.              25 for each rule (i.e. for each
individual inference section "If x is A and y is B, then z is C." Namely, x
and y are  100). Even a membership function represented with the input
variables of an antecedent, A and B are member-  same linguistic
information is required to be set each ship functions thereof, z is a
variable of a consequent,    time the function is assigned to a rule. In
consequence, and C is a membership function thereof in this represen-
there arise problems that an error occurs in the setting tation.
30 operation and that the setting operation requires a long The membership
functions such as A to D are rep-  period of time. resented, for example,
with linguistic information asso-  Furthermore, when using such a
conventional fuzzy ciated with PL, PM, PS, ZR, NS, NM, NL, etc. In thses
inference apparatus, in a case where two or more infer- information items,
P, N, L, M, and S denote positive, neg-  wnce systems are provided and the
membership func- ative, large, medium, and small, respectively. In conse-
35 tions vary between the respective inference systems, it quence,
expressions PL and NS stand for positive large  is necessary to prepare the
fuzzy inference apparatuses and negative small, respectively. ZR indicates
almost ze-  as may as there are inference systems. ro. The linguistic
information may be expressed, for ex-  Referring now to FIG. 2, a
description will be given ample, with binary codes each comprising a
plurality of  of the fuzzy inference process in the individual inference
bits.                                          40 section in a case of two
input variables. FIG. 1 shows a conventional fuzzy inference appa-  The
MFCs 101 and 102 are respectively supplied ratus, which includes a
plurality (assocaited with a  with inputs [err] and [err] such that outputs
a and b therefrom numberof rulesto be established) of individual inference
are fed to the logical intersection circuit 104. This circuit sections or
engines 100 and an integrator section 110  104 selects the smaller of the
inputs, namely, the output connected thereto. Each inference section 100
compris- 45 b in this case, so as to output the signal b therefrom. On es
membership function circuits (to be abbreviated as  the other hand, the MFG
105 produces the membership MFC herebelow) 101, 102, and 103 each being
supplied  functicn C. The fucntion C and the output b from the cir- with an
input variable to produce a signal (e.g. a voltage  cuit 104 are subjected
to an MIN operation in the logic signal) representing an associated value
of a member-  union circuit 106. ship of an antecedent, a membership
function generator 50  As described above, since the MFG 105 outputs a (to
be abbreviated as MFG herebelow) 105 for generat-  voltage signal which is
distributed on a plurlity of signal ing a signal representing a membership
function of a  linestorepresentapredeterminedmembershipfunction, consequent
(e.g. a voltage signal distributed onto 25  the output signal from the MFG
105 is expressed as a lines, which transmit the voltage distribution and
which  set of voltage Ci (i = 1 to n) as shown in FIG. 3. In con- are
represented by a hatched bus in FIG.1; reference is 55 sequence, the
results from the MIN operation are also to be made to the U.S. Patent
Application Serial   represented as a set of voltage signals distributed on
n No.07/116,777 and the European Patent Application No.  signal lines and
develop values in a discrete form. 87 116 529.6.), a logic intersection
circuit 104 for con-  Since the MFG 105 outputs a signal distribution on 2
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lines, such plural signal lines are re-  FIG. 4 is a block diagram
schematically showing the quired not only in each inference section 100 but
also in  configuration of a fuzzy inference engine as a first the
determinant or concluder section 110, which increas-  embodiment according
to the present invention; es the size of the circuit and causes the circuit
configu- ration to be complex. Since the membership functicn is  5  FIG. 5
is a diagram showing the constitution of a expressed as a set of signals in
a discrete form, there  membership function circuit array; arises also a
problem that the shape of the function is restricted by the number of
signal lines.              FIG. 6 is a schematic diagram showing the
consti- Incidentally, in a fuzzy inference apparatus, a mem-  tution of a
membership function generator circuit bership function circuit and a
membership function gen-  10    array; erator circuit are necessary as
described above. In a case where the membership function circuit or the
mem-  FIG. 7 is a circuit diagram schematically showing an bership function
generator circuit is implemented in a  example of the membership function
circuit; digital circuit, there are in general employed a memory method in
which a function value (an output value) is  15  FIG. 8 and FIGS. 9a to 9d
are diagrams showing stored in apredeterminedlocationtobeaccessedbyuse
control examples in which FIG. 8 is a diagram show- of avariable value (an
input value) as an address thereof  ing the configuration of a liquid
surface level control or a method in which a form or format of a fucntion
for-  and FIGS. 9a to 9d are graphs showing various mula is registered such
that an input value is assigned  membership functions; thereto so as to
produce an output value.      20 However, in the memory method above, in
order to   FIG. 10 is an explanatory diagram useful to explain improve the
precision of the function value to be pro-  an operation in which
membership function values duced, the interval between variables as
addresses is  are produced; required to be minmized, which leads to a
disadvantage that a large memory and a considerable manual opera- 25  FIG.
11 is a block diagram schematically showing tion are necessary for setting
the membership function.  the configuration of a fuzzy inference engine as
a Moreover, in a case of a membershipfunction represent-  second embodiment
accordingtothe present inven- ing senses of a human, it is difficult to
establish quite  tion; complicated items for the senses at the setting
phase, and such items do not develop so significant functions.  30  FIG. 12
is a diagram showing the constitution of a In the latter case of the method
above, since the  membership function circuit array set; membership
function value is to be computed by a soft- ware program, there has been a
problem that a long pe-  FIG. 13 is a schematic diagram showing the consti-
riod of time is requred.                              tution of a
membership function generator circuit 35     array set; SUMMARY OF THE
INVENTION FIG. 14 is a block diagram schematically showing It is therefore
an object of the present invention is to  the configuration of a fuzzy
inference engine as a provide a function generating unit in which when a
mem-  third embodiment according to the present inven- bership function is
registered, the variable values to be  40    tion; plotted is minimized and
a resolution is increased, there- by improving the inference precision. A
fuzzy inference  FIG. 15 is a block diagram showing an embodiment engine
according to the invention is characterized by the  according to the fourth
and fifth inventions; features disclosed in claim 1. 45     FIG. 16 is a
graph showing input/output character- BRIEF DESCRIPTION OF THE DRAWINGS
istics of a membership function circuit; These and other objects and
advantages of the      FIGS. 17a, 17b, and 17c are graphs showing wave-
present invention will become apparent by reference to  forms of
input/ouptut signals in the respective blocks the following description and
accompanying drawings  50  of an individual inference section; wherein:
FIGS. 18a, 18b, and 18c are graphs showing wave- FIG. 1 is a schematic
diagram showing the consti-  formsof input/ouptut signals in the respective
blocks tution of a conventional fuzzy inference apparatus  of a concluder
section; or engine;                                  55 FIGS. 19 to 22 are
diagrams showing an embodi- FIGS. 2 and 3 are schematic diagrams showing a
ment according to the sixth invention in which: fuzzy inference procedure;
3    5                 EP 0 361 403 B1                  6 



FIG. 19 is a schematic diagram showing a fuzzy  has a gradient determined
by resistors [err]. By inference procedure associated with a rule;
changing these resistors [err], the membership function may have a
trapezoidal shape. In FIG. 5, the FIG. 20 is a block diagram showing the
constitution  same input is supplied to seven MFCs 101, which then of a
fuzzy inference engine as the embodiment;  5  respectively produce function
values with variables set as the inputs of the membership function
representing FIG. 21 isa circuit diagram showing a specific exam-  preset
linguistic information. Other MFC arrays 12 and ple including a multiplier
and an adder;        13 are also configured in the same fashion. The
configuration further includes individual infer- FIG. 22 is a circuit
diagram showing another exam-  10 ence sections 10. Each section 10
includes three selec- ple of the multiplier;                         tor
cirucits 21 to 23, which receive the outputs from the MFC arrays 11 to 13,
respectively. Each of the selector FIG. 23 is a schematic block diagram
showing the  circuits 21 to 23 is provided with a code representing lin-
configurtion of a fuzzy inference engine as a seventh  guistic information
(abbreviated as L.I. in the figures as embodiment according to the present
invention;    15 described above) such that of the outputs from the MFC
arrays 11 to 13, membership function values associated FIG. 24 is a circuit
diagram showing a concrete  with the linguistic information are
respectively outputted example of an amplifier disposed in the system of
from the selector circuits 21 to 23 so as to be fed to a FIG. 23;
logic intersection circuit 104. 20     The system includes an MFG array 15
constituted FIG. 25 is a circuit diagram showing a variation  with seven
MFGs 105 as shown in FIG. 6. Each MFG examle of the inversion amplifier of
FIG. 24;   105 generates a membership function associated with seven
linguistic information items including PL to NL. FIG. 26 is a perspective
view showing an appear-  The MFG array 105 delivers an output (a voltage
distri- ance of a membership function circuit cartridge  25 bution
representing a membership function) to be sup- according to an eighth
embodiment of the present  plied to a selector circuit 25. Among the seven
kinds of invention;                                     membership
functions thus supplied, the selector circuit 25 selects a function
associated with the linguistic infor- FIG. 27 is a schematic block diagram
showing a  mation inputted thereto so as to feed the selected func-
function generating arithmetic unitas a ninth embod- 30 tion to a logic
intersection circuit 106. iment according to the present invention; and
Since each MFG 105 is connected to 25 output lines, the MFG array 15 is
linked to the selector circuit 25 by FIG. 28 is a graph for explaining the
function of the  means of 25 x 7 output lines. However, if the MFC array
function generating unit.                       15 is designed to produce
seven kinds of membership 35 functions in a time-shared fashion and the
selector 25 is DESCRIPTION OF THE PREFERRED
configured to include a latch circuit so as to latch only EMBODIMENTS
the selected membership function, there need only 25 output lines. For a
specific example of MFG, reference FIG. 4 shows the constitution of a fuzzy
inference  is to be made to the Japanese Patent Laid-Open Publi- engine as
an embodiment according to the first inven- 40 cation No. 63-123177
(associated with the U.S. Patent tion. Constituent components identical to
those shown  Application Serial Number 116,777 and E.P. Application in FIG.
1 are assigned with the same reference numer-  Number 87 116 529.6
described above.) als.                                                   As
an example of control operation, let us consider In association with three
kinds of input variables,  a case where the liquid surface of a cistern is
to be kept there are disposed three MFC arrays 11,12, and 13. The  45 at a
fixed level. MFC array 11 includes, as shown in FIG. 5, MFCs 101    Assume
here that inputs thereto are considered in of which the number is identical
(seven in this examle)  association with a diviation e ofthe present liquid
surface to the number of kinds of linguistic information items.    level
with respect to a preset value (or level), a variation Each MFC is supplied
with a reference voltage corre-  Ae of deviation, discharge flow rate Au
and that an output sponding to one of linguistic information items PL to
NL. 50 is represented by use of a valve opening OP to control FIG. 7 shows
an example of a concrete constitution of    the liquid flow rate. For these
input and output data, the the MFC 101. In this constitution, a reference
voltage is    following linguistic information items are adopted. applied
to a terminal M such that a membership function  Linguistic information for
e isproducedinatriangleformwiththevoltageasthecent-       PL, PM, PS, ZR,
NS, NM, and NL. er position (an input associated with the peak value of 55
Linguistic information for Ae the membership function) of the triangle. In
this case, the  P, ZR, and N. input and output voltages are represented as
VIN and  Linguistic information for Au [err]. The membership function of
the triangle shape      ZR, PS, PM, and PL. 4    7                 EP0361
403B1                     8 



Linguistic information for OP                      MFC sets, respectively.
Each of the MFCs above is sup- PL, PM, PS, ZR, NS, NM, and NL.
plied with a reference voltage conforming to a preset FIGS. 9a to 9d show
membership functions associ-    rule. A concrete constitution of the MFCs
are the same ated with these linguistic information items.      as that
shown in FIG. 7. In the fuzzy inference engine or apparatus of FIG.  5
FIG. 12 shows a configuration example of a set of 4, it is only necessary
to dispose seven, three, and four  MFCs 101A an 101 B. Each MFC includes a
selector as MFCs 101 in the MFC array 11 for the deviation e, the  a
variable selecting circuit 91. It is possible to register a MFC array 12
for the change [err], and the MFC array 13  variable nametothe selector.
When avariable name reg- for the discharge flow rate [err], resepctively.
The MFG ar-    istered to the selector matches with a variable selection
ray 15 for the valve opening OP includes seven MFGs  10 signal supplied
thereto, the associated MFC is set to an 105 in this situation.
active state to operate as a membership function ciircuit. Measured inputs
[err] and [err] are respectively  It may also be possible that the MFCs
101A an 101B are supplied to the MFC arrays 11 to 13. The value [err] is
si-  caused to continuously operate as membership function multaneously
supplied to the respective MFCs 101 of the  circuits so as to selectively
output signals therefrom de- MFC array 11 for the deviation e such that
membership  15 pending on a variable selection signal. The similar oper-
function values indicating a degree of adaptation to the  ation is carried
out in the other MFC sets respectively respective linguistic information (a
degree at which the  including the MFCs 1 02A and 1 02B and the MFCs 103A
value belongs to the membershipfunciton) are outputted  and 103B. The
selected MFC output is supplied to the in a parallel fashion. The
membership function values  logic intersection circuit 104. are supplied in
a parallel fashion to the inference sec- 20    In a similar fashion, each
inference section 90 in- tions 10 having rules employing the value e. By
use of  cludes the MFGs 1 05A and 105B and a variable selec- the selector
circuit 21 of each inference esection 10, ei-    tion circuit 95 for
achieving a selection depending on a ther one of the input membership
function values is se-  varible selection signal. FIG. 13 shows a
configuration lected depending on the supplied linguistic information.
example of these constituent elements. Each of MFGs The similar processing
is also achieved for [err] and [err]. 25  1 05A and 1 05B includes a
selector to which a variable Also for the opening OP, membership functions
as-  name can be registered such that by one of the selectors sociated with
the respective linguistic information items  having a variable name
identical to avariable name sup- are set to the MFG array 15 so as to be
delivered to the  plied in a form of a variable selection signal sets the
as- respective inference section 10, so that based on the lin-  socaited
MFG 1 05A or 105B to an active state. Or, an guistic information of a rule
associated with each infer- 30 output from the associated MFG is
selectively obtained ence section, the selection of membership function
value  to be fed to the logic intersection circuit 1 06. For a spe- is
achieved for each inference section. A fuzzy inference  cific example of
the MFG, reference is to be made to, for is thus conducted to output a
determinant value or an  example, the  Japanese  Patent Laid-Open  No.
integrated of valve openeing [err] from the defunifier  63-123177 as
described above. 112.                                           35    In
the circuit constitution above, two systems of in- FIG. 10 shows an
operation in which when an input  ference operations can be achieved in an
online and a is supplied to the MFC array 11, membership function
time-series fashion by use of the same inference engine. vlaues related to
the respective linguistic information  For example, assume here that two
systems of in- items are produced therefrom. For the input a = -0.5, the
ference operations are given as follows. respective membership function
values are obtained. In  40  if a = A, b = B, c = C, then u = U  (1) rule
1, the linguistic information is represented as a= NS,  if d = D, e = E, f
= F, then v = V  (2) the selector circuit 21 selects a signal on a line of
NS to  For the inference of expression (1), the variable se- develop an
output 0.5. Similarly, in rule 2, a signal on a  lection signal line is
supplied with a signal to select a line of PM is selected to output a value
0.0.      membership function of expression (1). Forthe inference In the
embodiment above, although the fuzzy infer- 45 of expression (2), the
variable selection signal line is sup- ence engine is of an analog type, it
is natural that the  plied with a signal to select a membership function of
ex- present invention is applicable to an apparatus of a dig-  pression
(2). The operations are sequentially changed ital type.
over therebetween so as to attain an output of the infer- FIG. 11 shows a
configuration of a fuzzy inference  ence result, thereby enabling the
two-system inference engine as an embodiment according to the second in- 50
operation to be achieved by use of an inference engine vention. The same
constituent elements as those of FIG.  or apparatus. In a configuration in
which an output from 1 are assigned with the same reference numeral. This
one of two inference systems is kept retained so as to embodiment is
employed for a two inference systems.  be employed as an input to other one
inference system, In each individual inference section 90, there are dis-
a hierarchic inference can be accomplished in an infer- posed MFC sets each
including two MFCs (namely, 55 ence engine. MFCs 101Aand 101 B, MFCs
102Aand 102B, andMFCs         FIG. 14 shows an embodiment of the inference
en- 103A and 103B). This system further comprises variable  gine in
acordance with the third embodiment In this con- selector circuits 91, 92,
and 93 associated with the three  stitution, with respect to inference
sections 10, MFCs 5    9                 EP 0 361 403 B1
10 



and MFGs are externally disposed in association with all  as those of FIG.
1 are assigned with the same reference linguistic information items. The
system comprises MFC  numerals. array sets of MFC arrays 11 A and 11 B, MFC
arrays 1 2A  This system includes individual inference sections and 12B,
and MFC arrays 13Aand 13B and variable se-  40 each comprising an MFC 41 to
produce a member- lector circuits 31, 32, and 33 for selecting either one
of  5  ship function of a consequent. The MFC 41 is supplied the associated
MFC arrays depending on a variable se-  with a scan signal delivered from a
scan waveform gen- lection signal. The variable selector circuits can be
im-  erator circuit 49. The scan signal has a fixed period and plemented by
use of selectors descrbed above. Each  may be a sawtooth wave, a triangular
wave, or the like. MFC array includes MFCs 101 of which the number is  The
MFC 41 supplies an output signal to a logic inter- identical to that of
kinds of linguistic information items  10 section circuit 42, which
conducts an MIN operation be- (seven in this embodiment) as shown in FIG.
5.     tween the received output signal and an output signal All MFCs 101
constituting two MFC arrays of each  from a logic intersection cirouit 104
so as to produce the MFC array set are supplied with the same input such
that  MIN result as an output from the inference section 40. one of the
MFCs 101 of the MFC arrays selected de-     The MFCs 101 to 103 and the MFC
41 can be con- pending on the variable selection signal produces afunc-  15
figured with completely the same circuits. A concrete ex- tion value
corresponding to an input related to a mem-  ample of the configuration is
as shown in FIG. 7. Each bership function representing preset linguistic
informa-  of the MFCs 101-103 is supplied with an input VIN as an tion.
This is also the case for the other MFC array sets.  input signal thereto
so as to deliver an output VOUT to Each inference section 10 includes three
selector  the logic intersection circuit 104. The MFC 41 receives circuits
21, 22, and 23, which are respectively supplied  20 as an input VIN
thertoan output scan signal from the scan with outputs from the selected
ones of the MFC arrays  waveform generator circut 49. The output VOUT is
sup- 11 A and 11 B, MFC arrays 1 2A and 1 2B, and MFC arrays  plied to the
logic intersection circuit 42. 13A and 13B, respectively. The selector
circuits 21, 22,  FIG. 16 shows an example of relationships between and 23
are respectively supplied with codes representing  the input [err] and the
output VOUT Of the MFC 41 in which linguistic information. Among the
outputs from the MFC  25 the reference voltage applied to a terminal M is
set to 2 arrays above, the function values of the membership  V The input
[err] is assumed to vary in a range from -5 V functions associated with
these linguistic information  to +5 V. items are delivered from the
selector circuits 21, 22, and  FIGS. 17a, 17b, and 17c show along an axis
of time 23, respectively. The selector circuits 21, 22, and 23 de-  (t) the
input (scan) signal VIN, the output signal [err], of liver outputs
therefrom to a logic intersection circuit 104. 30 the MFC 41, and the
output signal from the logic inter- Similarly, the system includes MFG
array sets of  section circuit 42 (the inference section 40) in a case MFG
arrays 1 5Aand 1 5B. Each MFG array is constituted  where the MFC 41 is
employed. The logic intersection with seven MFGsasshown in FIG. 6. Either
one of each  circuit 104 producig a waveform of FIG. 17c delivers an MFG
array set is selected in a similar fashion depending  output set to 3 V. on
a vtriable selection signal. The selected MFG array  35  Since all
inference sections 40 are supplied with the 15A or 15B delivers an output
(a voltage distribution rep-  same scan signal, these sections output
synchronized resenting a membership function) to a selector circuit 25.
signals representing the respective Inference results, From seven kinds of
membership functions, the selector  which are fed to a concluder section
45. circuit 25 selects a membership function corresponding  The concluder
section 45 includes a logic union cir- to linguistic information supplied
thereto so as to deliver 40 cuit 46 for achieving an MAXoperation on output
signals the function to a logic intersection circuit 106.  from the
inference sections 40, a discretizer circuit 47 for Each MFG 105 is linked
with 25 output lines; in con-  translating an output signal from the logic
union circuit sequence, the selected MFG array 15A or 15B is con-  46 into
a set of signals distributed onto a plurality of lines, nected to the
selector circut 25 by means of 25 x 7 output  and a defuzzifier 48 for
translating an output signal from lines. However, the MFG array 15A or 15B
may be con- 45 the logic union circuit 46 into a signal representing a de-
figured to produce seven kinds of membership functions  terminant value.
These circuits 47 and 48 are also sup- in a time-shared manner and the
selector circuit 25 in-  plied with the output scan signal from the scan
waveform cludes a latch circuit such that only the selected mem-  generator
circuit49 so that the various kinds of arithmetic bership function is
latched therein, which necessitates  operations are accomplisded at a
timing synchronized only 25 output lines to be provided for the MFG arrays
50 with the scan signal. 15A and 15B.
The defuzzifier 48 comprises an integration circuit Although the
embodimentabove includes afuzzy in-  or a peak detector circuit so as to
achieve the following ference engine of an analog type, it goes without
saying  operation as a defuzzication to attain a center of gravity that the
present invention is also applicable to appara-  CG(V). tuses of a digital
type.                       55      CG (V) = [err] u (t)  Vm (t) dt[err]Vm
(t) dt  (3) FIG. 15 shows a configuration of a fuzzy inference  where, u(t)
represents a scan signal and Vm(t) stands engine as an embodiment in
accordance with the fourth    for an output signal from the logic union
circuit 46. The and fifth inventions. The same constituent components
integration period is set to the period of the scan signal. 6    11
EP 0 361 403 B1                   12 



FIGS. 18a, 18b, and 18c show waveforms of the   by an adder 55. The results
of additions carried out by scan signal u(t), the output Vm(t) from the
logic union  these adders 54 and 55 are fed toa divider56to achieve circuit
46 and the dividend of expression (3). In this case,  the operation
represented by the expression (4). In con- the logic union circuit 46
receives as one of the inputs a  sequence, the divider 56 produces a final
nonfuzzy out- signal of FIG. 17c and as other one input a signal ob-  5
put (center of gravity CG). tained when the output from the logic
intersection circuit  Comparing the circuit constitution of FIG. 20 with
the 104 is 1 V.                                       conventional example
of FIG.1, the logic intersection cir- Next, a description will be given of
an embodiment  cuits 106and the MFGs are unnecessitated in the emodi- in
accordance with the sixth invention.             ment of FIG. 20;
furthermore, there need only two output FIG. 19 shows an inference
procedure of a rule in a  10 terminals and two wiring lines. In addition,
the concluder case of three kinds of input variables.             section
110 can be constituted with an adder and a di- Assume here that for given
inputs [err] etc., the  vider, which simplifies the overall structure of
the fuzzy result h is obtained through the Ml N operation conducted
inference engine. on function values a, b, and c associated with the mem-
FIG. 21 is a circuit diagram showing a specific ex- bership functions A, B,
and C. Applying the MIN results  15  ample of the multiplier 53 and the
adders 54 and 55 im- to a membership function D of the consequent, a mem-
plemented by use of analog circuits. bership function S having a
trapezoidal shape is ob-   The configuration includes an individual
inference tained as indicated by a shade portion in FIG. 19. Name-  section
in which a logic intersection circuit 104 produces ly, this is attained as
an inference result from an individ-  an output value of a voltage [err].
The voltage [err] is applied ual inference section 100 (refer to FIG. 1 for
details.)   20 to a resistor R, which flows a current [err]. The output In
a concluder section 110, the inference results S  voltage [err] is also
supplied to a resistor [err] to flow a cur- are subjected to an MAX
operation. In a case to attain a  rent [err]. The resistance value of the
resistor [err] is nonfuzzy output through a method of center of gravity,
inversely proportional to avalue [err] representing the cent- this section
110 computes the center of gravity form the  er position of a membership
function set to the conse- result of the MAX operation.
25 quent. That is, the resistor [err] constitutes the setting de- If the
membership function D of the consequent is  vice 51 and the multiplier 53.
horizontally symmetric with respect to the center d, the  The configuration
also includes a wired OR section center of gravity CG is attained from the
following ex-  54A to conduct an addition of [err]. The resistor R and
pression.                                          the wired OR 54A
constitute the adder 54. The adder 55 30 comprises a wired OR 55A to
achieve an addition of the CG  = [err]   (4)
current [err].An output from the wired OR 55A is sup- plied to a divider
56, which divides the output by an out- where, i = 1 to n and n is the
number of rules and [err] in-  put from the wired OR 54A so as to output
the result of dicates a position of center of the membership function  the
division as a nonfuzzy output. [err] of the consequent.
35     FIG. 22 shows an example of variation of the resistor FIG. 20 shows
an example of a fuzzy inference en-  [err] in which the membership function
of the consequent gine capable of developing as the final output the center
can be varied depending on given linguistic information. of gravity CG
represented by expression (4). In this con-  This configuration includes a
parallel connection of re- figuration, the same constituent components as
those  sistors  [err] such that de- described above are assigned with the
same reference  40 pending on the given linguistic information, one of the
numerals.                                           resistors is selected
by an analog multiplexer 57. These This system includes setting devices 51.
To each  resistors [err] have resistance values inversely pro- setting
device 51, a value is set to represent a center  portional to values
representing center positions of the position [err] of the membership
function D, of the conse-  membership functions PL to NL, respectively.
quent. An MIN result [err] produced from a logic intersec- 45    In the
embodiment having the constitution above, as tion circuit 104 is computed
with the center position [err] by  compared with the conventional structure
of FIG. 1, the means of amultiplier 53 to attain aproduct [err]. The MIN
equivalent function can be developed by the fuzzy infer- result [err] and
the product [err] are outputted from an indi-  ence engine with a size
thereof reduced to one third of vual inference section 50.
the conventional system. Namely, the size of the body of The MIN result
[err] is added to each other    50 the fuzzy inference engine and the cost
thereof can be minimized. [err]                               The
embodiment above inlcudes the fuzzy inference engine constituted in a
hardware system; however, the in an adder54forall rules. Moreover, forall
preset rules,  engine may be constructed with a software system em- the
product [err] are similarly added           55 ploying the similar
processing method (associated with the expression (4)). Also in such a
software constitution, [err]                      the number of processing
operations can be reduced and hence the processing speed is accordingly in-
7    13                EP 0  361 403 B1                    14 



creased.                                          tridges, which are to be
installed in the body of the fuzzy Incidentally, in the fuzzy inference
engine of the em-  inference engine. bodiment above, all membership
functions set to the  FIG. 26 shows an external appearance of an MFC
consequents of rules are limited to the same form in    cartridge 60, which
comprises eight plugs 60b serving which the width and the gradient are
mutually identical  5  as terminals respectively associated with
input/output amongthefunctions. In short, it isimpossibletoset mem-
signals and power supply voltage. The body of the fuzzy bership functions
having different forms for the respec-    inference engine includes sockets
corresponding to the tive rules.
plugs 60b. Onthe uppersurface of the cartridge60, there In consequece,
although the system above can sat-  are disposed four trimmers 60a related
to variable reg- isfactorily cope with a simple control, when it is neces-
10 isters [err](refer to FIG. 7 for details). By sary to after the degree
of importance for each rule or to    turning these trimmers by means of a
screwdriver, the vary the form of membership functions, the system can-
associated resistance values can be altered to change not be efficiently
applied to such a case.        the shape and position of membership
functions. When An embodiment which solves the problems above  the
adjustment is beforehand achieved by use of the according to the seventh
invention will be described in  15 trimmers 60a, the membership functions
can be set only detail with reference to FIGS. 23 to 25.          by
installing the cartridges 60 into the sockets. The MFG The configuration of
FIG. 23 differs from that of FIG.  cartridges are also configured in the
same fashion. 20 in that an amplifier (a coefficient device) 52 is con-  If
the MFC arrays 11 to 13 and the MFG array 15 of nected between the logic
intersection circuit 104 and the  FIG. 4, the MFC arrays 11 Ato 13B and MFG
arrays 15A adder 54 as well as the multiplier 53. The logic intersec- 20
and 15B of FIG. 14, and all MFCs and MFGs included in tion circuit 104
delivers an output [err] to the amplifier 52,    these arrays are designed
to be detachably installed in which amplifies the output [err] with a
preset gain (coeffi-    the fuzzy inference engine by means of the plugs
and cient) K such that a result of the amplification is outputted  sockets,
the replacement of arrays as well as switching as an output value [err]
from the individual Inference sec-    thereof are facilitated. tion 50. The
output [err] is fed to the adder 54 and the mul- 25    In addition, the
MFCs 101 Ato 103B and MFGs 105A tiplier 53.
an 105B of FIG. 11 need only be housed in the respective FIG. 24 shows a
concrete example of the constitu-  cartridges to be detachably inserted
into sockets. tion of the amplifier 52, which includes two inversion am-
FIG. 27 is a block diagram showing a function gen- plifiers 52A and 52B
configured in a cascade connection.  erating unit as an embodiment
according to the ninth em- The amplifer 52A comprises an operational
amplifier, an  30 bodiment, whereas FIG. 28 is a graph useful to explain
input resistor [err] therof, and a feedback registor [err]. Re-  a function
generated by the function generating unit of ceiving an input h', the
amplifier 52A amplifies the input  FIG. 27. Variable values are supplied in
a form of 8-bit with an amplification factor [err]. The amplifer 52B at
data (x) to this unit. The 8-bit data (x) is subdivided by a the subsequent
stage amplifies an input thereto by an  bit distributor 71 into four
high-order bits [err] and four amplification factor -1. As a result, the
input h' is multi- 35 low-order bits (x). The value of four high-order bits
[err] plied by K [err] namely, the amplifier 52B produces an  is supplied
as an address signal to a memory 73a and output signal h = [err]
to an adder 72, which adds one to the received value. FIG. 25 shows an
exmple of variation of the inver-  The adder 72 delivers the resultant
value to a memory sion amplifier 52A at the preceding stage. The feedback
73b. In the memories 73a and 73b, the same data are resistor circuit of the
operational amplifier includes m re- 40 respectively stored at the same
associated addresses sistors [err] connected in parallel and an an-  with a
fixed plotting interval (dots shown in FIG. 28 indi- alog multiplexer 58
for selecting either one of these re-  cate plotted positions and are
stored in the memory.) sistors in response to a gain decision signal
supplied  From the memory 73a, the system reads out an output thereto. When
a gain decision signal is inputted to the  [err] by use of an address [err]
so as to supply the output analog multiplexer 58, one of the registers is
selected  45 [err] to adders 74 and 76. In the adder 74, the value is
depending on an indication content of the signal so as to  processed as a
negative value [err] namely, a subtrac- vary the amplification factor K of
the amplifier 52.  tion is actually conducted. The adder 74 is also
provided As described above, it is possible to multiply the out-  with an
output [err] from the memory 73b. In conse- put from the logic intersection
circuit 104 by a coefficient.    quence, the adder 74 produces a difference
[err] be- in consequence, depending on the degree of importance  50 tween
the outputs from the memories 73b and 73a, re- of a rule or the like, the
fuzzy inference engine can be  spectivley. The resultant value is fed to a
multiplier 75, arbitrarilyadjusted,thereby improvingthedegree of free-
which multiplies the value [err] by the value of the dom of adjustment.
four inputted low-order bits (x/16) to output the result to It goes without
saying thatthe seventh invention can  the adder 76. In the adder 76, the
multiplication result is also be materialized by use of a software system.
55 added to the output [err] from the memory 73a to produce In accordance
with the eighth invention, the MFCs  the result as a function vlaue y. 101
to 103 of the antecedent and the MFGs 105 of the  Incidentally, in the
memories 73a and 73b, if the consequent are respectively housed in
detachable car-    same data items are stored at addresses having differ- 8
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once of one address unit therebetween (i.e. at an ad-      (101,
102,103,104), and dress where data [err] is stored in the memory 73a, data
fourth arithmetic means (56) for dividing the xi is stored in the memory
73b), the adder 72 is unne-     result [err]of the addition perfomied by
said cessitated. Furthermore, in a case where the operation     second
arithmetic means (55), by the result [err] speed is not critical, it is
possible to employ only one  5  [err] of the addition performed by said
third arith- memory so as to sequentially read out [err] and [err] there-
metic means (54). from. In this embodiment, the description has been given
2. A fuzzy inference engine according to claim 1 further of a membership
function circuit of a fuzzy inference en-  including coefficient means (52)
for multiplying an gine. However, the invention described above is also ap-
10  output from said antecedent processing means plicable to apparatuses
such as a standard pattern stor-  (101,102, 103,104) by a coefficient [err]
specified for age of a pattern identifier.                           each
said rule. Whilethe particularembodimentof the invention has been shown and
described, it will be obvious to those skilled in the art that various
changes and modifications  15 Patentansprniche may be made without
departing from the fuzzy inference machine as claimed in claims 1 and 2.
1. Fuzzy-Schluffolgerungswerkzur Durchfflhrungvon
Fuzzy-SchluBfolgerungsverarbeitung gemhB vor- eingestellter Regein, wobei
jade dieser Regeln als Claims                                          20
eine Kombination aus Bedingung und Folge ausge- dr~ckt wird, mit 1. A fuzzy
inference engine for performing fuzzy rea- soning processing in accordance
with preset rules,     Bedingungs-Verarbeitungsmitteln  (101, 102, each
said rule being expressed as a combination of     103, 104) zum  Ausf~hren
einer Bedin- antecedent and consequent, having:          25
guhgs-Operation, in welcher Einganssignale auf
Bedingungs-Zugehbrigkeitsfunktionen antecedent processing means (101, 102,
103,         angewandt warden, zur Ausgabe oines Bedin- 104) for executing
antecedent operation, in         gungs-Verarbeitungsergebnisses (hi) fOr
jede which input signals are applied to antecedent       der Regeln,
membership functions, to output an antecedent 30
Folge-Verarbeitungsmitteln (51, 53) zum Aus- processing result (h1) for
said each rule;          ffhren einer Folge-Operation, in watcher die
consequent processing means (51,53) for exe-
Bedingungs-Verarbeitungsergebnisse    auf cuting consequent operation, in
which the ante-     Folge-Funktionen angewandt warden, zur Aus- cedent
processing results are applied to conse-     gabe sines
Folge-Verarbeitungsergebnisses quent functions, to output a consequent 35
fOr jade der Regeln, und processing result for each said rule; and
Defuzziffziermitteln (54,55,56) zum Berechnen defuzzifying means (54, 55,
56) for calculating     sines Schwerpunkts (CG) der Folge-Ergeb- a center
of gravity (CG) of the consequent          nisse, results;
dadurch gekennzeichnet, daB characterized in that:                   40
die Folge-Verarbeitungsmittel said consequent processing means includes
Einstellmittel (51), die fOr jade der Regein vor- setting means (51)
provided for each said rule      gesehen sind, zur Einstellung einer
reprAsenta- for setting a representative position (d,) of the  tiven Lage
(di) der Folge-Funktion (DI) jeder der consequent function (DI) of each
said rule, and     Regeln, und first arithmetic means (53) for multiplying,
for 45  erste Rechenmfttel (53) zum Multiplizieren, fOr
eachsaidrule,theantecedentprocessingresult         jade der Rogeln, des
Bedingungs-Verarbei- (h1) outputted from said antecedent processing
tungsergebnisses (hi), das von den Bedin- means(101,
102,103,104)andavalue(di)rep-            gungs-Verarbeitungsmfltteln (101,
102, 103, resenting the representative position set by said   104)
ausgegeben wird, mit einem Wert (di), der setting means (51);
so         die mit den Einstellmitteln (51) eingestellte said defuzzifying
means includes                    reprisentative Lage darstellt, enhalten,
second arithmetic means (55) for performing an      die Defuzzifiziermittel
addition (S di-hi) of the component (di-h_, ...,    zweite Rechenmittel
(55) zur Durchffhrung dn-hn) representing the products obtained from
einer Addition (S di-hi) der die mit den ersten said first arithmetic means
(53),       56          Rechenmitteln (53) erhaitenen Produkte dar- third
arithmetic means (54) for performing an       stellenden Komponente
(drhia,...,dnhn), addition (S hi) of the component (h, ...., hn) out-
dritte Rechenmittel (54) zur DurchfOhrung einer putted from said antecedent
processing means        Addition (S hi) der von den Bedingungs-Verar- 9
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ence of one address unit therebetween (i.e. at an ad-     (101,
102,103,104), and dress where data [err] is stored in the memory 73a, data
fourth arithmetic means (56) for dividing the [err] is stored in the memory
73b), the adder 72 is unne-     result [err] of the addition performed by
said cessitated. Furthermore, in a case where the operation     second
arithmetic means (55), by the result [err] speed is not critical, it is
possible to employ only one  5  [err] the addition performed by said third
arith- memory so as to sequentially read out [err] and [err] there-
metic means (54). from. In this embodiment, the description has been given
2. Afuzzy inference engine according to claim 1 further of a membership
function circuit of a fuzzy inference en-  including coefficient means (52)
for multiplying an gine. However, the invention described above is also ap-
10  output from said antecedent processing means plicable to apparatuses
such as a standard pattern stor-  (101, 102, 103, 104) by a coefficient
[err] specified for age of a pattern identifier.
each said rule. While the particular embodiment of the invention has been
shown and described, it will be obvious to those skilled in the art that
various changes and modifications  15  Patentansprache may be made without
departing from the fuzzy inference machine as claimed in claims 1 and 2.
1. Fuzzy-SchluBfolgerungswerkzur Durchf Ohrung von
Fuzzy-SchluBfolgerungsverarbeitung gemr13 vor- eingestelfter Regeln, wobei
jede dieser Regeln als Claims                                          20
eine Kombination aus Bedingung und Folge ausge- dr~ckt wird, mit 1. A fuzzy
inference engine for performing fuzzy rea- soning processing in accordance
with preset rules,     Bedingungs-Verarbeitungsmitteln (101, 102, each said
rule being expressed as a combination of     103, 104) zum  Ausfihren
einer Bedin- antecedent and consequent, having:          25
guligs-Operation, in watcher Einganssignale auf
Bedingungs-Zugeh6rigkeitsfunktionen antecedent processing means (101, 102,
103,         angewandt warden, zur Ausgabe sines Bedin- 104) for executing
antecedent operation, in         gungs-Verarbeitungsergebnisses (hi) fOr
jede which input signals are applied to antecedent       der Regeln,
membership functions, to output an antecedent 30
Folge-Verarbeitungsmitteln (51, 53) zum Aus- processing result (hi) for
said each rule;          fOhren einer Folge-Operation, in weloher die
consequent processing means (51, 53) for exe-
Bedingungs-Verarbeitungsergebnisse    auf outing consequent operation, in
which the ante-     Folge-Funktionen angewandt werden, zur Aus- cedent
processing results are applied to conse-     gabe sines
Folge-Verarbeftungsergebnisses quent functions, to output a consequent 35
fOr jade der Regeln, und processing result for each said rule; and
Defuzzifiziermitteln (54,55,56) zum Berechnen defuzzilying means (54, 55,
56) for calculating     eines Schwerpunkts (CG) der Folge-Ergeb- a center
of gravity (CG) of the consequent          nisse, results;
dadurch gekennzeichnet, da3 characterized in that:                   40
die Folge-Verarbeitungsmittel said consequent processing means includes
Einstellmittel (51), die fOr jede der Regein vor- setting means (51)
provided for each said rule      gesehen sind, zur Einstellung einer
reprdsenta- for setting a representative position (di) of the  tiven Lage
(di) der Folge-Funktion (Di) jeder der consequent function (DI) of each
said rule, and     Regeln, und first arithmetic means (53) for multiplying,
for 45  erste Rechenmittel (53) zum Muitiplizieren, fOr each said rule, the
antecedent processing result   jede der Regeln, des Bedingungs-Verarbei-
(hi) outputted from said antecedent processing     tungsergebnisses (hi),
das von den Bedin- means (101, 102,103, 104) and a value (di) rep-
gungs-Verarbeitungsmitteln (101, 102, 103, resenting the representative
position set by said   104) ausgegeben wird, mit einem Wert (di), der
setting means (51);                      so         die mit den
Einstellmitteln (51) eingestelite said defuzzifying means includes
reprasentative Lage darstellt, enhalten, second arithmetic means (55) for
performing an      die Defuzzifiziermittel addition (I dj.h1) of the
component (di.hi ....,    zweite Rechenmittel (55) zur Durchffhrung dn.hn)
representing the products obtained from      einer Addition (Z di-hi) der
die mit den ersten said first arithmetic means (53),       55
Rechenmitteln (53) erhaltenen Produkte dar- third arithmetic means (54) for
performing an       stellenden Komponente (di-h1, ,d.hj. addition (1: hi)
of the component (h,..., h,) out-  dritte Rechenmittel (54) zur
DurchfOhrung einer putted from said antecedent processing means
Addition (Z; hi) der von den Bedingungs-Verar- 9    17                 EP 0
361 403 B1                  18       1!I I         M1 11    II I! 



beftungsmitteln (101, 102, 103,104) ausgege-        effoctuer une addition
(1djh1) de la composante benen Komponente (hi.... h jhl), und
(d1hp, ., dnhn) representant les produits obte- vierte Rechenmittel (56)
zuin Dividieren des        nus parlesdits premiers moysns arithm6tiques
Ergebnisses (F di-hi) der mit den zweiten          (53); Rechenmitteln (55)
durchgeffhrten        5          un troisibme moyen arithm6tique (54), pour
Addition durch das Ergebnis (E hi) der mit den      effectuer une addition
(Eh1) de composante t)         dritten  Rechenmitteln  (54) durchgeffhrten
(h1, ..., hn), delivreo en sortie par lesdits moyens Addition onthalten.
do traitoment d'antdcedents (101, 102, 103, 104), et 2.
Fuzzy-Schlulfolgerungswerk nach Anspruch 1,  10         un quatribme moyen
arithm6tique (56), pour welches femer Koffizientenmittel (52) zum Multipli-
divisor le resultat (1dih1) de l'addition effectuee zieren einer Ausgabe
der Bedingungs-Verarbei-          par lodit deuxibme rnoyen arithmetique
(55), par tungsmittel (101, 102, 103,104) mit einem Koeffizi-    le
r6sultat (Eh1) de l'addition effectude par [edit enten KI, der fOr jede der
Regoin spezifiziert ist, ent-  troisieme moyen arithmstique (54). halt.
15 2. Moteur d'inference floue selon ia revendication 1, comportant en
outre des moyens de coefficients Revendloatlons
(52), pour multiplier une sortie provenant desdits moyens de traitement
d'antecedents (101,102,103, 1. Moteur d'inference floue pour effectuer un
traite- 20  104) par un coefficient K1 specifie pour chaque dite ment de
raisonnement flou en fonction de regles     regle. fixees A l'avance,
chaque dite regle etant exprim6e par une association d'un ant6c6dent et
d'une con- sequsnce, comportant: 25 des moyens de traitement d'ant6cedents
(101, 102, 103, 104) pour sxecutsr une opsration d'ant6cedents, dans
lesquels des signaux d'entr6e sont appliques a des fonctions de membres
d'antec6dents, pour delivrer en sortie  30 un resultat de traitement
d'antscddents (hi) pour chaque dite rbgle; des moyens de traitement de
consequences (51, 53) pour executer une operation de conse6- quences, dans
lesquels les resultats des traite- 35 ments d'antecedents sont appliques A
des fonc- tions de consequences, pour dslivrer en sortie un resultat
detraitement de conse6quences pour chaque dite rbgle; et des moyens pour
rendre non flou (54, 55, 56) 40 pour calculor un centre de gravite (CG) des
resultats de consequences; caracteris6 en ce quo: lesdits moyens de
traitement de consequences comportent                               45 des
moyons de determination (51) prevus pour chaque rbgle fixee a Plavance,
pour fixer une position centrale (di) de la fonction de conse- quence (Di)
do chaque dite regle; et des premiers moyens arithm6tiques (53), pour so
multiplier, pour chaque dite regle, le rssultat du traitement d'antecedent
(hi) delivre en sortie par lesdits moyens de traiement d'antecedents (101,
102, 103, 104), et une valeur (di) repre- sentant la position
representative fixse par les- .55 dits moyens de determination (51);
lesdits moyens pour rendre non flou comportent un douxibme moyen
arithmetique (55), pour 10    


