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(57) Abrége/Abstract:

A system for controlling a variable-ratio transmission Is mounted on an apparatus (1) and assoclated with an actuator (2) for
changing the transmission ratio, as well as operating means (3) for applying an input driving force to the transmission with a
periodic action of given frequency. The system comprises first sensor means (5) which are sensitive to the driving force and can
generate a respective first signal, second sensor means (6) which are sensitive to the speed of operation of the apparatus (1)
and can generate a respective second signal, as well as a control device (4) which Is sensitive to the first and second signals
and can control the actuator (2) in dependence on the first and second signals. The control device (4) is configured to determine,
from the first and second signals, a reference signal indicative or a reference value of the frequency (CR). This reference signal
IS compared with a third signal (/) indicative of the given frequency so as to identify a corresponding deviation signal (e). The
control device (4) acts on the actuator (2) in order to change the transmission ratio so as to minimize the deviation signal (e).
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(?] (57) Abstract: A system for controlling a variable-ratio transmission is mounted on an apparatus (1) and associated with an actuator

(2) for changing the transmission ratio, as well as operating means (3) for applying an input driving force to the transmission with
: a periodic action of given frequency. The system comprises first sensor means (5) which are sensitive to the driving force and can
~~ generate a respective first signal, second sensor means (6) which are sensitive to the speed of operation of the apparatus (1) and can
; generate a respective second signal, as well as a control device (4) which is sensitive to the first and second signals and can control

the actuator (2) in dependence on the first and second signals. The control device (4) is configured to determine, from the first and
O second signals, a reference signal indicative or a reference value of the frequency (CR). This reference signal 1s compared with a
third signal (7) indicative of the given frequency so as to identify a corresponding deviation signal (e). The control device (4) acts
on the actuator (2) in order to change the transmission ratio so as to minimize the deviation signal (e).
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A system and a method for the control of wvariable-ratio

transmissions

The present invention addresses the problem of the control

of variable-ratio transmissions.

A typical example of a transmission of this type, which will
be referred to for simplicity in the following description,
is that of a bicycle transmissions. In this connection, a
method and a device for automatically controlling the
transmission ratio of a bicycle so as automatically ¢to
identify the optimal ratio in dependence on the pedalling
effort or force are known from EP-A-0 831 021 which 1s taken

as the model for the preambles to Claims 1 and 10.

The same subject is addressed 1in various other patent
documents such as, for example, US-A-5 059 158, US-A-5 538
477, US-A-5 356 348, US-A-5 569 104 and US-A-5 728 017, 1in
which it can be seen that the control may be exerted either

on the rear derailer or on the front derailer, or on both

derailers of a sports cycle.

The object of the present invention 1is to improve systems
for controlling the ratio in variable-ratio transmissions,
particularly with regard to the optimization of the
interaction between an apparatus having such a transmission

and an operator using the apparatus.

According to the present invention, this object 1s achieved
by means of a system having the specific characteristics
recited in the following claims. The invention also relates

to the respective method of operation.
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The application of the invention is particularly
advantageous 1n the cycling field and, in particular, in the

field of competitive cycling.

The invention will now be described, purely by way of non-
limiting example, with reference to the appended drawings,

in which:

Figure 1 shows schematically the application of a system

according to the invention to a cycle such as a bicycle,

Figure 2 shows the structure of a system according to the

invention schematically in the form of a block diagram,

Figures 3 and 4 show the general criteria of the operation

of a system according to the invention 1n two successive

levels of detail,

Figure 5 shows the operation of the system according to the

invention in the form of a flow chart, and

Figures 6 and 7 are further graphs 1indicative of the
criteria (affinity functions) for the operation of the

system.

In Figure 1, apparatus having a wvariable-ratio transmission
is generally indicated 1. In the embodiment shown, the

apparatus in question is constituted by a bicycle such as,

for example, a sports cycle.

As well as comprising the parts which normally make up a
bicycle of this type (which parts clearly do not need to be
described and recited in detail herein), the bicycle 1 1is

equipped with the following devices:
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- an electrically-operated gearbox 2, shown here associated
with the rear derailer of the bicycle 1 (in possible
variants of the invention such a gearbox could altermatively
or additionally be provided on the front derailer of the
bicycle, 1f it has one); the gearbox concerned can thus
change the position in which the bicycle chain (driven by
the pedal crank 3 by means of which the cyclist applies the
input driving force to the transmission) cooperates in a
meshed arrangement with the sprockets associated with the

rear wheel hub of the bicycle, 1in dependence on a control

signal,

- a control device 4, the heart of which 1is preferably

constituted by a microprocessor, for generating the control

signal, and

- a set of sensors 5 to 7 which are sensitive to respective
parameters of use of the bicycle and can generate respective
signals to be received and processed by the device 4; these
are, basically, a sensor 5 which can detect the pedalling
force or effort exerted by the cyclist on the pedals (that
1s the driving force), a sensor 6 which is sensitive to the
forward speed of the bicycle 1 (in general terms, the
frequency or speed of operation of the apparatus represented
herein by the bicycle 1), as well as a sensor 7 which is
sensitive to the pedalling frequency, that is, the frequency
of the pericdic action by which the c¢cyclist applies the

input driving force by means of the pedal crank 3.

Although they are theoretically separate, the various
sensors 1n question may in fact be combined with one another

and/or with other components of the system.
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For example, the sensor 7 which detects the pedalling

frequency can advantageously be combined with the sensor 5

which detects the pedalling effort.

It should again be stated that all of the various components
mentioned above can be considered known per se (as is proved
by the descriptions in the prior patent documents cited in
the introductory part of this description) and/or currently
avallable commercially. For example, a gearbox 2 which can
advantageously be used in the context of the invention is

constituted by the gearbox sold under the reference ZMS 800
by the company MAVIC.

The block diagram of Fiqure 2 shows, in schematic terms, at
the level of the general system architecture, the
arrangement of connections between the wvarious elements
described above, and the control device 4 which receives the
signals generated by the sensors 5 to 7 (also defined below
as the first, second and third signals) and which acts on
the gearbox 2 in order to change the transmission ratio of

the gearbox 2 1in dependence on the processing operation

described further below.

A set of sensors of this type (which can provide the three
signals mentioned in digital form) 1is available under the

trade name SRM TRAINING SYSTEM from the company

Ingenieurburo Schoberer.

The further functional blocks indicated 8 and 10 1ndicate
that the method according to the invention allows the user
to intervene in the operation of the system, in particular

with regard to two basic factors, that 1is:
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- the way i1n which the device 4 interprets or classifies (as
will be described further below) the wvalues of the signals

received from the sensors 5 to 7, and

-~ the processing logic implemented by the device 4 with a

view to acting on the gearbox 2.

In particular, 1in the currently-preferred embodiment, the
system according to the invention allows the following
factors to be taken into account, by respective selective

control i1nterventions:

- the cyclist's level of preparation and fitness (module 8),

- the riding or racing strategy adopted by the cyclist

(module 9) and, in general,

- the rules which the user intends to be followed 1in the
automatic management of the transmission control function

(module 10).

Basic principles the invention

Before proceeding with the detailed description of a
possible embodiment o©of the invention, it seems useful to
describe briefly the basic principles upon which the
invention 1is Dbased. This will be done with specific

reference to its possible application in the cycling field.

It is a fact that, for given peripheral conditions (physical

characteristics, athletic preparation, type of Dbicycle,
gradient of the road and atmOSPheric conditions: e.q.
opposing or favouring wind. etc.), the maximum power which a

cyclist can transfer to the bicycle is achieved 1in the

region of a very precise pedalling frequency which 1in
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practice 1s ildentified by the speed of rotation (revolutions

per minute or rpm) imparted to the pedal crank.

This 1is due to the fact that, given a certain resisting
load, there 1i1s always an optimal impedance match between the

resisting load and the frequency such as to maximize the

power produced, that is, to maximize efficiency.

These remarks are confirmed by numerous scientific works

such as, for example:

Gregoxr, R.J. and Rugg S.G. (1986), "Effects of saddle
height and pedalling cadence on power output and
efficiency", in E.R. Burke (Ed.), Science of cycling (pp.
69-90) . Champaign, IL: Human Kinetics;

Kyle C.R. and Caiozzo, V.J. (1986), "Experiments 1in human
ergometry as applied to the design of human powered
vehicles", International Journal of Sports Biomechanics, 2,
6-19;: and

Allan V. Abbott and David Gordon Wilson (1995), '"Human-
Powered Vehicles", (p. 35-37), IL: Human Kinetics.

For a given resisting load, the bicycle enables a condition
of impedance match, and hence an optimal frequency to be
selected by changing the transmission ratios. In practice,
the cyclist is comparable to a high-efficiency motor which
can produce its best output 1n terms of power produced
within a fairly narrow band of pedalling £frequencies (or
cadences). By altering the ratios, the cyclist can keep his
pedalling action within this band of greatest efficiency.
In practice, if the frequency is too low (below 60/75 rpm),
the risk of muscle damage increases, whereas 1f 1t 1s too
high (90/120 rpm) the cyclist starts to go 1into oxygen

deficit.



CA 02382424 2002-02-19
WO 01/14203 PCT/EP00/08125

By way of direct conceptual reference (but this should not
be seen as 1ndicative of a precise analogy of the functional
blocks) the criterion of maximizing the power output by
arranglng for the cyclist always to be able to pedal at the

optimal frequency can be represented in the form of the

control diagram shown in Figure 3.

In this diagram, block 1 indicates the bicycle system as a
whole. The operating conditions of the system are determined

(with regard to the transmission ratio) by what may be

defined, by the conventional terminology of automatic
control theoxry, as an T"actuator" (constituted, in the
speclfic example, by the gearbox 2). The control system,
shown schematically in the form of the device 4, can
therefore act on the actuator 2 (in dependence on the

signals of the sensors, as shown best in the diagram of
Figure 4 which will be referred to below) so as to implement
a feedback operation directed towards minimizing the
deviation or error "e" which may be found between a
theoretical reference frequency CR and the actual frequency

determined from the corresponding signal generated by the

sensoxy 7.

In practice, when the error signal (e) is above a
predetermined, possibly variable, threshold, this causes the
actuator 2 to be driven 1n a manner such as to change the
transmission ratio so as to bring the signal (e) back below
the predetermined threshold. In practice (speaking 1in
deliberately schematic terms) the transmission  ratio
(understood as the ratio between output speed and input
speed) is reduced when the pedalling frequency tends to fall
(for example, because the c¢yclist 1s pedalling uphill orx
against the wind) and 1s 1increased when the frequency tends
to rise (for example, because the cyclist 1s pedalling

downhill or with a favourable wind).
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From this last point of view, the method according to the
invention may be 1mplemented either with the use of the
specific criteria described further below with reference to
Figure 5 and the following Figures (basically with the use
of a so-called expert system, preferably of the "fuzzy"
type) or, in less preferred embodiments, by adopting systems
which perform the control operation (action on  the
gearbox/actuator 2 so as to minimize the deviation between
the reference frequency CR and the actual pedalling
frequency) with the use of mechanisms of different types for
processing the signals, for example, o©of the type described
in the wvarious documents cited in the introductory part of

the present description.

Detailed description of an embodiment of the invention

The 1mportant element of the invention 1is that, instead of
providing for operation on the basis of a reference
frequency value CR which 1s fixed or predetermined (possibly
selectively) the system according to the invention
determines the reference frequency value CR (in accordance
with a substantially adaptive criterion, preferably
implemented 1n real time or substantially in real time) by
deriving the reference frequency from the very parameters
(pedalling effort, forward speed, actual pedalling
frequency, etc.) which characterize the interaction between
the cyclist and the bicycle at the time in question. All of
this takes place 1in accordance with intervention criteria

which can be determined and controlled selectively by the

user.

The importance of this factor can be understood better 1if it
is noted that the reference frequency CR is not static and
determinable a priori, even selectively. In fact it

depends, on the one hand, upon the resisting load (which 1in
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turn depends on various factors) and, on the other hand, on

further external factors.

For example, the dependence of the reference frequency CR on
the resisting load may be expressed as a dependence on

factors such as:

- the torque exerted on the pedal crank (the torque required
to maintain a constant speed varies with wvariations of the

characteristics of the track), and

- the speed (aerodynamic resistance, which 1s a function of

the square of the speed, increases as the speed increases).

Dependence on other factors, on the other hand, includes

factors such as, for example:

- racing strategy: the cyclist may decide to pedal for a
race, for a sprint, or simply for a tiring translocation, in
accordance with criteria which express his will, and hence a
basically predictive behaviour projected into the future and
not based on parameters detected and/or detectable in the

past or in the present, and

- the cyclist's level of preparation; the more the cyclist
has trained and prepared, the better he will be able to

sustain high frequencies, or lower frequencies but with

greater effort produced.

The control device 4 preferably comprises a so-called expert
system operating in accordance with a fuzzy logic. The fuzzy
logic and the respective operating mechanisms are known per
se, as are the advantages which this type of logic brings to

complex problems the solution of which 1s Dbased more on
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empirical <considerations resulting from experiment and

simulation than on mathematical modelling of the problem.

For general 1nformation on these subjects, for example, the
reference work by Mohammad JAMSIDI,  Nader VADIEE, and
Timothy J. ROSS - "Fuzzy Logic And Control" (1993) - IL:

Prentice Hall, may usefully be consulted.

The flow chart of Figure 5 shows a sequence of steps,
between an 1nitial step 100 and a final step 101, which 1is
intended to be repeated by the control device 4 in order to
perform an automatic control of the actuator constituted by

the gearbox 2 and hence of the transmission ratio of the

bicycle.

The reference to automatic operation does not, howevery, mean
that a bicycle 1 equipped with the system according to the
invention should necessarily provide only for automatic
operation. As 1n known systems, the c¢yclist can in fact
exclude the operation of the system so as to be able to act
on the transmission unit or transmission units manually in
conventional manner (it is pointed out once more that the
method according to the 1nvention may be applied only to one
or to both of the derailers normally provided on a sports
cycle) or to provide for some form of semi-automatic
operationmn. In any case, these methods of operation and of

complete or partial deactivation of the system are such as

not to require detailed description herein.

To concentrate attention on automatic operation, 1t 1is
pointed out again that the sequence of steps between steps
100 and 101 can be implemented with a periodic cadence
and/or at a certain frequency which may be fixed or variable
according to need, in dependence on specific requirements of

use. In particular, the frequency of repetition of the
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steps described below does not need to be very high since,
even 1n transitory racing stages, changes 1in the bicycle
system 1 develop fairly slowly over time when compared with
the processing speed of conventional electronic apparatus.
The above-mentioned control sequence may be repeated, for

example, at intervals of about 1 second.

The action on the gearbox 2 1n order to change the
transmission ratio preferably provides for a certain low-
pass filtering effect. This 1s to prevent instantaneous
varliations of one or more of the parameters used by the
expert system 41 Dbeing translated 1i1nto an undesired
immediate change of the transmission ratio: for example,
there might be a sudden change in the pedalling effort due
to the fact that the cyclist has risen from the saddle upon
starting to pedal, so to speak "standing" on the pedals;
above all, the above-mentioned change may have a different
sign in dependence on the 1instantaneous angular position of
the pedal crank at the moment at which the cyclist starts to
pedal standing up. Moreover, 1t seems advantageous, in any
case, to prevent changes 1in transmission ratlio, possibly

with opposite signs, taking place 1n rapid succession.

The description of the operation of the expert system 41
will be given below, upon the assumption that the expert
system receives at its 1nput exclusively the signals
corresponding to the pedalling force or effort (sensor 5)
and to the speed of the bicycle (sensor 6). Thls selection
is dictated both by reasons of simplicity of description and
by the consideration that a skilled person familiar with the
design and construction of expert systems will certainly
have no difficulty in also including the third parameter
(actual pedalling frequency) in the operation of the system.
Howevey, this latter parameter may be used by the expert

system purely to perform, at the node indicated 42 in Figure
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4, a comparison between this parameter and the reference

frequency CR defined by the expert system on the basis of

the signals coming from the sensors 5 and 6 and in order to
calculate the current gear ratio 2, if it is not available

by other means.

In other words, the expert system 41 may take account of the
signal corresponding to the actual pedalling frequency in at

least two different ways, that 1is:

- on the basis of the method shown 1in Figure 5, by
identifyving the signal corresponding to the reference
frequency CR solely on the basis of the pedalling effort
signal and of the speed signal, using the signal
corresponding to the actual pedalling frequency coming from
the sensor 7 purely for generating the error signal (signal

e) used to control the gearbox 2, and

- on the basis of a wvariant, not shown explicitly, also
using the signal relating to the actual pedalling frequency

to define the reference frequency CR.

Basically, the expert system 41, operating in accordance
with a fuzzy logic, converts the wvalues of the input
variables (for example, the signals read from the sensors 5,
6 and - possibly - 7) into a linguistic description in order
then to work out a control strategy contained in a set of
logic rules. The result 1s then converted back into a

precise and unambiguous output datum.

With reference to the flow chart of Figure 5, the steps
indicated 102 and 103 indicate the 1initial steps 1n which
the system reads the signals coming from the sensor 5
(pedalling effort) and the sensor 6 (speed), respectively.

These are preferably signals already converted 1nto digital
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form beforehand at the outputs of the respective sensors, as
is the case 1n the SRM sensors already mentioned above. If
this 1s not the case, the conversion is performed, in known

manney, in the device 4.

In the subsequent steps 104, 105, the expert system converts
each of the two variables read as inputs into fuzzy values,
that is, linguistic wvalues such as "high", medium", "low",
medium-high", etc. In order to perform these attributions,
1t makes use of predefined functions which reflect the
degree of affinity of the fuzzy variables to the various

fuzzy values (affinity functions).

The affinity function relating to speed preferably has a
curve of the type shown 1in Figure 6 in which the abscissa
scale corresponds to the speed value (sensor 6) expressed 1in
km/h. It should be noted that there are 5 fuzzy values

(linguistic values: B low, MB = medium low, M = medium, MA

Il

= medium high, A = high).

The affinity function relating to torque preferably has a
curve of the type shown 1in Figure 7 in which the abscissa

scale corresponds to the wvalue of the pedalling torque

(pedalling effort or force - sensor 5) expressed 1in Nwm.

There are 4 fuzzy values (B, MB, M, A).

Again, 1t should be stated that the steps illustrated by
boxes 102 to 105 have been shown as theoretically performed
by a parallel processing method for each input parameter
since this representation 1is, above all, more readily
understood. It will Dbe clear to experts that the same

result can be achieved by serial processes.
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It will also be noted that the flow chart of Figure 5 makes
clear that it 1is possilible to intervene in steps 104, 105 by
means of commands applied by the user by means of interface
modules 8, 9 and 10. These 1nterfaces may 1n fact be
incorporated in a user interface 11 such as, for example, a
keypad or an analogue control module disposed, for example,

on the handlebars (Figure 1) 1n a position readily

accessible to the cyclist.

The logic of the attribution of linguistic wvalues to the
data corresponding to the signals coming from the sensors 5

and 6 may 1in fact vary 1n dependence on varlous parameters

set selectively on the interface modules 8, 9, 10.

For example, the cyclist's level of athletic preparation
(module 8) may mean that a speed or a pedalling effort which
is to be considered high for an amateur or recreational
cyclist may be considered differently (for example, medium-

high, medium or even low) for a professional cyclist.

In exactly the same way, with reference to the function of
the module 9, to which a role of i1dentifying racing strategy
has been attributed, clearly, a speed and/or pedalling
effort value considered high during a translocation stage,
even within a cycling race, may be considered low or even

very low with reference to a sprint or a timed race.

The foregoing also applies in identical manner to the module
10 which supervises the general definition of the rules of
operation of the expert system. In this case, the
intervention may, for example, be that of intervening in the
operation to define the above-described affinity functions
by removing or adding affinity functions; an amateur or
recreational cyclist will usually be less interested 1in a

very sophisticated and differentiated definition of the
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above-mentioned functions than a professional for whom the
need continuously to achieve a close adaptation of the
bicycle system to his physical performance may be very

pressing and decisive.

The box indicated 106 represents schematically the set of
functions of the expert system dedicated to the definition
of the reference frequency as a result of the attribution of

the affinity functions performed in steps 104 and 105.

In a possible embodiment (which is known per se to experts
in the design of these systems and therefore does not
require a detailed description herein), the criterion for
the application of the above-mentioned rules may be regarded
as a type of scanning of a matrix table, for example, a two-
dimensional table of which the lines are identified by the
affinity functions relating to the speed and the columns are
identified by the affinity functions relating to the
pedalling effort. With reference to the examples given in

Figures 6 and 7 (which provide for five and four fuzzy

values, respectively), there may be 5x4=20, Or more
corresponding rules. If the parameter relating to the
actual pedalling frequency 18 also present, the
correspondling affinity functions identify the third

dimension of the matrix structure (which 1in any case 1s
implemented with fuzzy logic and hence with respective boxes

identified by probability functions).

The rules implemented in box 106 can be written 1in explicit

form in the following manner:

A) if the speed is LOW and the torque 1s HIGH
THEN the reference frequency 1is LOW

B) if the speed is MEDIUM LOW and the torque 1s HIGH
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THEN the reference frequency is MEDIUM LOW

C) 1f the speed 1s LOW and the torque is MEDIUM

THEN the reference frequency is MEDIUM LOW

D) if the speed is MEDIUM LOW and the torque is MEDIUM

THEN the reference frequency is MEDIUM LOW etc.

In terms of the wvalue (VALCR) of the reference frequency

value CR, the output fuzzy values could be:

VALCR LOW = 68 rpm
VALCR MEDIUM LOW = 78 rpm
VALCR MEDIUM = 86 rpm
VALCR MEDIUM HIGH = 92 rpm
VALCR HIGH - 95 rpm

Naturally, as 1s well known to experts in the design of
fuzzy systems, the system may also conclude that, 1n certain
conditions, the value "medium" should be attributed to the
reference frequency CR at 25% and "low" at 90%. As 1s well
known to experts 1in fuzzy 1logic, each fuzzy value 1is
independent of the others so that it 1is wholly legitimate
for the system to reach the conclusions set out above, that

is, with a sum of the fuzzy wvalues other than 100%.

It will also be appreciated that - in accordance with per se
known criteria - the set of functions indicated
schematically by the block 106 may be rendered variable 1in
dependence on the parameters set by the user by acting on
‘the interface 11: this applies in particular with regard to
the possibility of modifying the rules which determine the
attribution of the reference frequency value 1n dependence

on the affinity functions corresponding to the 1nput
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parameters so as to be able to i1mplement different sets of

rules.

It is also possible to provide - 1in accordance with known
criteria - for the expert system 41 to be able to store the
above-mentioned set of rules or possibly several sets of
rules to be used 1in different conditions, in dependence on
learning cycles, that 1s, to provide for a stage for the
training of the system 1in which the c¢yclist acts on the
transmission, changing the ratios by means of a positive
action by the c¢yclist (an expression of his will) in
dependence on various riding conditions whilst the system
learns the respective rules, subsequently applying them
automatically when this operating criterion is subsequently

selected.

The above-mentioned control mechanism and, in particular,
the learning mechanism, may be implemented with the use of
the configurations currently known as neural or neurone
networks which, as is well known, can be applied well to the
implementation (and to the learning) of operating data and

conditions which are purely phenomenclogical and cannot be

expressed directly 1in the form of a mathematical model,

particularly of an algorithmic type.

In the step indicated 107, the expert system 41 implements a
reverse conversion mechanism known as "defuzzyfication" in
which the fuzzy values of the output variable are combined
to produce a precise value of the reference frequency

parameter CR.

The operating criteria described above can be understood

even better on the basis of the practical example described

below.
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Practical example

At a given moment, the speed value (sensor 6) = 17 km/h and

the torque value (sensor 5) = 37 N'm are measured.

From the first affinity function it is found that:

LOW speed = 0.7777
MEDIUM LOW speed = 0.2222
MEDIUM speed = 0
MEDIUM HIGH speed = 0
HIGH speed = 0

From the second affinity function it is found that:

LOW torque = 0

MEDIUM LOW torque = 0

MEDIUM torque = 0.3125

HIGH torque = 0.6875

From rule A) — LOW reference frequency = min (0.7777,

0.6875) = 0.6875

From rule B) — MEDIUM LOW reference frequency
0.6875) = 0.2222

{

min (0.2222,

{l

From rule C) — MEDIUM LOW reference frequency min (0.7777,

0.3125) = 0.3125
From rule D) — MEDIUM LOW reference frequency min (0.2222,
0.3125) = 0.2222

Thus, by combining the result of rule A with itself:
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LOW reference frequency = 0.6875.

By combining the result of rules B), C), D) — MEDIUM LOW

reference frequency = max. (0.2222, 0.3125, 0.2222) =
0.3125.

At this point i1t 1s necessary to apply defuzzification,

starting from the fuzzy output values

Reference frequency:

LOW = 0.6875
MEDIUM LOW = 0.3125
MEDIUM = 0
MEDIUM HIGH = 0
HIGH = 0

For example, 1if

iCR,. .VALCR,
i =1

Cr=—
> CR

i =1

it follows that

_ 0.6875-68+0.3125-78 + 0.86 + 0.92 + 0.95 _ 71.25

CR —
0.6875+0.3125+0+0+0 1

=71.25

With reference once more to the flow chart of Figure 5, 1n
step 108, the reference frequency wvalue thus obtained 1is
compared (as also shown more specifically at the node 42
which is actually included in the expert system 41) with the

pedalling frequency value derived by the sensor 7.
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If the respective modulus of the deviation (error signal
"e") 1s below a given threshold, the system does not
intervene, going on to the final step 101, thus deciding in
practice not to act on the gearbox 2 and that the question
of a possible change of the transmission ratio is to be

reconsidered upon the next checking sequence.

If, however, it is detected that the amount of the deviation
value 1s above the given threshold and therefore such as to
require intervention, the system goes on to a further step
109 and then to yet another subsequent step 110, 1n which
the action on the gearbox 2 is actually implemented so as to
bring about the change in ratio (an increase or a decrease)
in dependence on the adaptation requirements found, that is,

in dependence on the sign of the deviation wvalue "e".

The step 1indicated 109 (which 1is optional and may in any
case also be 1implemented 1in another form, for example,
simply by going to the final step 101) corresponds to a time
check (in practice a filtering mechanism) 1in which the
device 4 ascertains that an adequate period of time has
elapsed since the preceding change in ratio. If a period of
time less than a predetermined time threshold has elapsed
(negative result of the comparison step 109) the system goes
directly to the final step 101 without acting on the gearbox
2, postponing any ratio changing operation to a subsequent

control sequence.

If, however, an adequate period of time has elapsed, the

system goes on to step 110, changing the transmission ratio.

With reference to step 109, it has been explained that by
acting on the interface 11 and, in particular, on the module

10 (relating to the changing of the operating rules of the
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system) the cyclist can selectively vary the value of the

time threshold used to perform the filtering function.

In this case also, whereas an amateur or recreational
cyclist may consider it preferable to have a sufficiently
long period of time (in particular to avoid having too
"gsensitive" a system which changes the transmission ratio
every time the need to act in this sense 1is recognized, even
for short periods of time), a professional cyclist who 1is
more skilled and practised in evaluating and controlling his
physical performance may wish to reduce this pericod,
possibly greatly, so as to have a system which can adapt

very quickly to different ways adopted by the cyclist for

interacting with the bicycle system 1.

Naturally, the principle of the invention remaining the
same, the details of construction and forms of embodiment
may be varied widely with respect to those described and

illustrated, without thereby departing from the scope of the

present invention.
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CLAIMS

1. A system for controlling a variable-ratio transmission

mounted on an apparatus (1), the transmission being

associliated with:

- an actuator (2) for changing the transmission ratio, and

- operating means (3) for applying an input driving force to

the transmission by a periodic action of given frequency,

the system comprising:

- first sensor means (5) which are sensitive to the driving

force and can generate a respective first signal,

- second sensor means (6) which are sensitive to the speed

of operation of the apparatus (1) and can generate a

respective second signal, and

- a control device (4) which 1s sensitive to the first
signal and to the second signal and which can control the

actuator (2) 1n dependence on the first signal and the

second signal,
and the system being characterized in that:

- third sensor means (7) which are sensitive to the given

frequency and which can generate a respective third signal

are provided,

- the control device (4) is confiqured to determine, from at
least the first signal and the second signal, a reference

signal 1indicative of a reference value for the frequency
(CR) ,
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- the control device (4) can compare (42, 108) the reference
signal and the third signal so as to identify a

corresponding deviation signal (e), and

- the control device (4) 1is configured to act on the
actuator (2), changing the transmission ratio so as to

minimize the deviation signal (e).

2. A system according to Claim 1, characterized in that:

- the first sensor means (5) comprise a device for measuring
the pedalling force applied to a pedal crank (3) of a
bicycle (1) and the second sensor means comprise a Sensor

for detecting the forward speed of the bicycle (1), and

- the control device (4) 1s a control device which can act

on at least one gearbox (2) mounted on the bicycle (1).

3. A system according to Claim 1 or Claim 2, characterized
in that the control device (4) is configured so as to
determine the frequency reference signal (CR) also 1in

dependence on the third signal.

4. A system according to any one of the preceding claims,

characterized in that the control device (4) comprises:

- a first functional module (104) which is sensitive (102)
to the first signal and can classify the first signal 1in

dependence on a respective first degree of affinity,

- a second functional module (105) which is sensitive (103)
to the second signal and can classify the second signal 1in

dependence on a respective second degree of affinity,
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- a third functional module for the application of rules
(106), which 1s sensitive to respective values of the first
and second degrees of affinity and can determine the
frequency reference value (CR) with wvalues differentiated in

dependence on the values of the first and second degrees of

affinity.

5. A system according to Claim 4, characterized in that it
comprises at least one control module (8, 9, 10) operable

selectively in ordexr to vary selectively at least one of:

- the criterion for the attribution of the first degree of

affinity by the first functional module (104),

- the criterion for the attribution of the second degree of

affinity by the second functional module (105), and

- the law for the determination of the frequency reference
value (CR) by the third functional module (106) from the
degrees of affinity attributed by the first functional
module (104) and the second functional module (105) and the

first and second signals.

6. A system according to Claim 4 or Claim 5, characterized
in that the first, the second and the third functional

modules (104, 105, 106) operate in accordance with a fuzzy

logic.

7. A system according to Claim 2 and Claim 5, characterized

in that the control module (8, 9, 10) comprises at least one

of:

- a first functional control module (8) for selectively
varying the criterion for the attribution of the first and

second degrees of affinity by the first and second
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functional modules (104, 105) in dependence on the cyclist's

athletic level,

- a second functional control module (9) for selectively
varying the criterion for the attribution of the first and
second degrees of affinity by the first and second
functional modules (104, 105) in dependence on various

strategies for the riding of the bicycle (1), and

-~ a third functional control module (10) for selectively
varying the rules for determining the frequency reference

value (CR) given by the third functional module (106).

8. A system according to any one of the preceding claims,
characterized in that the control device (4) includes a
function (109) for inhibiting action on the actuator (2) for
a period of time of predetermined duration starting from the
preceding action performed by the control device (4) on the

actuator (2) in order to change the transmission ratio.

9. A system according to Claim 8, characterized in that the

duration of the time interval is variable selectively.

10. A method of controlling a variable-ratio transmission
mounted on an apparatus (1),  the transmission Dbeing

associated with:

- an actuator (2) for changing the transmission ratio, and

- operating means (3) for applying an input driving force to

the transmission by a periodic action of given frequency,

the method comprising the steps of:
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- detecting (5) the driving force and generating a

respective first signal,

- detecting (6) the speed of operation of the apparatus (1)

and generating a respective second signal, and

- controlling the second actuator (2) in dependence on the

first and second signals,

and being characterized in that it comprises the steps of:

- detecting (7) the given frequency and generating a

respective third signal,

- determining, from at least the first signal and the second

signal, a reference signal indicative of a reference value

(CR}) for the frequency,

- comparing (42, 108) the reference signal and the third

signal so as to identify a corresponding deviation signal

(e) , and

- contrelling the actuator (2), changing the transmission

ratio so as to minimize the deviation signal (e).

11. A method according to Claim 10, characterized in that it

comprises the steps of:

- generating the first signal as a signal indicative of the
pedalling force applied to a pedal crank (3) of a bicycle
(1),

- generating the second signal as a signal indicative of the

forward speed of the bicycle itself (1), and
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- controlling, as the actuator (2), at least one gearbox

mounted on the bicycle (1).

12. A method according to Claim 10 or Claim 11,
characterized 1in that it comprises the step of determining

the frequency reference value (CR) also in dependence on the

third signal.

13. A method according to any one of Claims 10 to 12,

characterized in that it comprises the steps of:

- classifying (104) the first signal in dependence on a
respective first degree of affinity,
- classifying (105) the second signal in dependence on a

respective second degree of affinity, and

- determining the frequency reference value (CR) with wvalues
differentiated in dependence on the values of the first and

second degrees of affinity.

14. A method according to Claim 13, characterized in that it

comprises the steps of selectively varying at least one of:

- the criterion for the attribution of the first degree of

affinity,

- the criterion for the attribution of the second degree of

affinity, and

- the law for the determination of the frequency reference
value (CR) from the degrees of affinity attributed to the

first and second signals.
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15. A method according to Claim 13 or Claim 14,
characterized 1n that the attribution criteria and the

determination laws are based on a fuzzy logic.

16. A method according ¢to Claim 11 and Claim 14,

characterized in that it comprises at least one of the steps

of:

- selectively varying the criterion for the attribution of
the first and second degrees of affinity 1in dependence on

the cyclist's athletic level,

- selectively varying the criterion for the attribution of
the first and second degrees of affinity 1in dependence on

various strategies for the riding of the bicycle, and

- selectively varying the rules for the determination of the

frequency reference value (CR) from the degrees of affinity.

17. A method according to any one of preceding Claims 10 to
16, characterized 1in that it comprises the step of
inhibiting action on the actuator (2) for a period of time
of predetermined duration starting from the preceding actilon

performed on the actuator 1in order to <change the

transmission ratio.

18. A method according to Claim 17, characterized 1in that

the duration of the period of time is variable selectively.
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