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METHOD FOR CONTROLLING AND SYSTEM
FOR CHARGING A BATTERY POWER SUPPLY
UNIT

FIELD OF INVENTION

[0001] The present invention relates to a method for
controlling and a system for charging a battery power supply
unit, in particular for supplying power to electronic devices
mounted on bicycles.

BACKGROUND

[0002] Electronic devices mounted on bicycles, for
example, for controlling the electronic gearshift and/or for
acquiring, displaying, and controlling riding parameters and
various functions, provide for the use of a power supply unit.

[0003] The power supply unit typically consists of one or
more batteries typically connected in series, also referred to
as a battery pack. When the batteries used for such electronic
devices are of a rechargeable type, they need to be charged
by an external energy source, for example, a conventional
electrical outlet or an automobile battery through a cigarette
lighter socket of the automobile.

[0004] The battery charging process should take into
account some characteristic parameters of the battery itself,
dependant upon its type and, in particular, its chemistry.
Such characteristic parameters are supplied by the battery
manufacturer.

[0005] In particular, the charging of the battery at a
temperature outside of a given closed characteristic tem-
perature range—not necessarily coinciding with, and usually
more limited than, the closed operating temperature range of
the battery—can lead to the battery itself being damaged.

[0006] In the following present description and in the
attached claims, such a closed range is indicated as closed
charging temperature range.

[0007] In a known method and a system for charging a
battery power supply unit for bicycle electronic devices, the
power supply unit has an associated temperature sensor and
in the battery charger a control logic is provided that
suspends the charging of the battery if the temperature
detected by the sensor is higher than a predetermined limit
temperature, signalling overheating.

[0008] During the cold seasons, the battery power supply
unit can reach temperature values lower than the lower limit
of the aforementioned closed charging temperature range.
Therefore, charging of the power supply unit on a bicycle
parked outdoors or in a non-heated garage cannot take place;
charging of the power supply unit removed from the bicycle
and placed in a heated area also cannot occur until the
temperature of the power supply unit goes above such a
lower temperature limit.

[0009] The technical problem at the basis of the present
invention is to make a method for controlling and a system
for charging batteries that allow battery charging to also be
carried out in critical temperature conditions.

SUMMARY

[0010] In a first aspect thereof, the invention concerns a
method for controlling the charging of a rechargeable battery
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power supply unit for a bicycle electronic device, compris-
ing the steps of detecting at least one temperature of the
power supply unit, and supplying heat energy to the power
supply unit when the detected temperature is lower than or
equal to a lower temperature threshold within a closed
charging temperature range characteristic of the power sup-
ply unit.

[0011] In a second aspect thereof, the invention concerns
a power supply system for a bicycle electronic device,
comprising a rechargeable battery power supply unit, at least
one sensor of a temperature of the power supply unit, at least
one selectively activatable heating element, that can be
thermally associated with the power supply unit, and a
heating controller that receives in input the output of the at
least one temperature sensor and actuates the heating ele-
ment when the detected temperature is lower than or equal
to a lower temperature threshold within a closed charging
temperature range characteristic of the power supply unit.

[0012] In another aspect thereof, the invention concerns a
power supply device for a bicycle electronic device com-
prising a power supply unit comprising at least one recharge-
able battery, a connector for a removable electrical power
and data connection with a battery charger, at least one
temperature sensor thermally coupled with the power supply
unit, and at least one selectively activatable heating element,
thermally coupled with the power supply unit, wherein the
heating element is selectively actuated when the power
supply device is connected to the battery charger and when
the temperature detected by the sensor is lower than or equal
to a lower temperature threshold within a closed charging
temperature range, characteristic of the power supply unit.

[0013] In another aspect thereof, the invention concerns a
battery charger for a bicycle electronic device, comprising a
connector for a removable electrical power and data con-
nection with a power supply unit of the electronic device, an
electrical circuit for receiving energy from an external
energy source and for selectively supplying charging energy
to the power supply unit, and a heating controller that
receives in input a signal indicative of a detected tempera-
ture of the power supply unit and provides a signal for the
actuation of a heating element of the power supply unit when
the detected temperature is lower than or equal to a lower
temperature threshold within a closed charging temperature
range characteristic of the power supply unit.

[0014] In another aspect thereof, the invention concerns a
bicycle electronic device comprising a connector for a
removable electrical power and data connection with a
power supply unit, and a heating controller that receives in
input a signal indicative of a detected temperature of the
power supply unit and provides a signal for the actuation of
a heating element of the power supply unit when the
detected temperature is lower than or equal to a lower
temperature threshold within a closed charging temperature
range characteristic of the power supply unit.

BRIEF DESCRIPTION OF THE DRAWING(S)
[0015] The invention shall now be better described with
reference to some embodiments thereof, illustrated merely
as a non-limiting example in the attached drawings,
wherein:

[0016] FIG. 1 is a block diagram of a first embodiment of
the system of the invention, connected to an external energy
source;
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[0017] FIG. 2 is a block diagram of a second embodiment
of the system of the invention, connected to an external
energy source;

[0018] FIG. 3 is a block diagram of a third embodiment of
the system of the invention, connected to an external energy
source;

[0019] FIG. 4 is a block diagram of a fourth embodiment
of the system of the invention, connected to an external
energy source;

[0020] FIG. 5 is a block diagram of a first embodiment of
the method of the invention;

[0021] FIG. 6 is a block diagram of a second embodiment
of the method of the invention;

[0022] FIG. 7 is a block diagram of a third embodiment of
the method of the invention;

[0023] FIG. 8 represents a regulation block of FIG. 7 in
greater detail; and

[0024] FIGS. 9 and 10 show two preferred embodiments
of power supply signals of a heater of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

[0025] Introduction

[0026] In a first aspect thereof, the invention concerns a
method for controlling the charging of a rechargeable battery
power supply unit for a bicycle electronic device, compris-
ing the steps of

[0027] detecting at least one temperature of the power
supply unit, and

[0028] supplying heat energy to the power supply unit
when the detected temperature is lower than or equal to a
lower temperature threshold within a closed charging tem-
perature range characteristic of the power supply unit.

[0029] In the present description and in the attached
claims, the expression “closed temperature range” means a
closed temperature range comprising the extreme values.

[0030] Through heating, charging can also occur when the
ambient temperature is lower than the lower limit of the
characteristic closed charging temperature range.

[0031] Preferably, the steps of providing an external
energy source and supplying electrical energy to the power
supply unit from the external energy source are further
provided.

[0032] Preferably, the step of supplying electrical energy
only occurs when the detected temperature is within such a
closed charging temperature range, in this way safeguarding
the power supply unit from the risk of damage.

[0033] When an external energy source is provided, the
method can comprise, alternatively or additionally, supply-
ing the heat energy to the power supply unit from the
external source.

[0034] Preferably, the lower temperature threshold is
higher than the lower limit of the closed charging tempera-
ture range. The consequent overlapping margin between
when the step of supplying electrical energy or charging step
can occur, and the step of supplying heat energy or heating
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step ensures that the charging step is also carried out in case
of inaccuracies in temperature detection. It should be noted
that in this case, the heating step can be preliminary to the
charging step and/or simultaneous with at least part of the
charging step.

[0035] The value of the lower temperature threshold is
preferably experimentally selected to provide an adequate
safety margin in case of inaccuracy in detection by the
temperature sensor or between two temperature sensors, the
first intended for controlling the heating step and the second
intended for controlling the charging step. More preferably,
the lower temperature threshold is higher by a few degrees,
even more preferably by about 5° C. than the lower limit of
the closed charging temperature range.

[0036] In an embodiment, the step of supplying heat
energy to the power supply unit is carried out until the
detected temperature becomes higher than an upper tem-
perature threshold. Through the provision of the double
threshold it is possible to obtain a more continuative heating
of the power supply unit, avoiding in particular a too high
frequency of switching on and off the element intended for
heating and the risk of instability of the system should the
temperature of the power supply unit change quickly about
the lower temperature threshold.

[0037] Preferably, the upper temperature threshold is
lower, more preferably lower by about 25° C., than the upper
limit of the closed charging temperature range.

[0038] The value of the upper temperature threshold is
determined experimentally also considering the maximum
power that can be supplied by the element intended for
heating. Preferably, the upper temperature threshold is
higher by a few degrees, more preferably by about 15° C.,
than the lower temperature threshold.

[0039] In an embodiment, the step of supplying heat
energy comprises supplying heat power as a function of a
difference between the lower temperature threshold and the
detected temperature, in this way implementing a closed
loop feedback control.

[0040] The function is preferably a function of the pro-
portional, integrative, and/or derivative type.

[0041] Preferably, the step of supplying heat energy is
carried out by voltage- or current-supplying a heating ele-
ment of the resistive type, thermally coupled with the battery
power supply unit.

[0042] Inanembodiment, the step of detecting at least one
temperature of the power supply unit comprises detecting a
first temperature for controlling the execution of the step of
supplying electrical energy and a second temperature for
controlling the execution of the step of supplying heat
energy. The use of two sensors is advantageous when the
step of supplying electrical energy and the step of supplying
heat energy are controlled by two physically distinct control
units and each can autonomously manage its own sensor.

[0043] In an embodiment, at least one of the steps of
detecting a temperature, supplying heat energy and supply-
ing electrical energy is carried out independently for each of
a plurality of batteries of the battery power supply unit. In
this way, it is possible to individually control the charging
process and the final charging level in each battery, reducing
the risk of damage of the power supply unit and extending
its useful life.
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[0044] In an embodiment, the step of supplying energy
provides a first temporal charging step at constant current
and a second temporal charging step at constant voltage, in
accordance with the teachings of the aforementioned known
method.

[0045] 1In a second aspect thereof, the invention concerns
a power supply system for a bicycle electronic device,
comprising

[0046] a rechargeable battery power supply unit,

[0047] at least one sensor of a temperature of the power
supply unit,

[0048] at least one selectively activatable heating element,

that can be thermally associated with the power supply unit,
and

[0049] aheating controller that receives in input the output
of the at least one temperature sensor and actuates the
heating element when the detected temperature is lower than
or equal to a lower temperature threshold within a closed
charging temperature range characteristic of the power sup-
ply unit.

[0050] Preferably, the system further comprises an elec-
trical circuit for receiving energy from an external energy
source and for selectively supplying electrical charging
energy to the power supply unit.

[0051] For the reasons outlined above, preferably the
lower temperature threshold is higher, more preferably by
about 5° C., than the lower limit of the closed charging
temperature range.

[0052] Inan embodiment, the at least one heating element
is deactivatable when the detected temperature is higher than
an upper temperature threshold.

[0053] Preferably, the upper temperature threshold is
lower than the upper limit of the closed charging tempera-
ture range, and more preferably is about 15° C.

[0054] In an embodiment, the power supply unit com-
prises at least two batteries and at least one heating element
is thermally associated with each battery.

[0055] Alternatively or additionally, the power supply unit
comprises at least two batteries and at least one temperature
sensor is thermally associated with each battery.

[0056] For example, a temperature sensor and/or a heating
element can be arranged between two adjacent batteries of
the power supply unit. The detected temperature can thus be
the average temperature or the minimum temperature of
those of the various batteries making up the power supply
unit, or the various embodiments of the method of the
invention described above can be implemented with respect
to the individual temperatures should a plurality of heating
elements also be provided.

[0057] Preferably, the system comprises a power regulator
connected between a power supply line of the system and the
heating element, driven by the heating controller to selec-
tively actuate the at least one heating element. The power
regulator can also simply be an ON/OFF switch. More
preferably, the power regulator is selected from the group
consisting of relays and solid-state devices, preferably
MOSFET (metal-oxide-semiconductor field-effect transis-
tor) and transistors.
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[0058] In an embodiment, the heating controller actuates
the at least one heating element to supply heat power as a
function of a difference between the lower temperature
threshold and a temperature proportional to the detected
temperature, thus implementing a closed loop feedback
control. The function is preferably of the proportional,
integrative, and/or derivative type.

[0059] More specifically, the heating controller can com-
prise a multiplier of the output signal of the at least one
temperature sensor, a subtractor for subtracting the output of
the multiplier from the lower temperature threshold and for
obtaining an error signal, and a P1.D. (proportional-integral-
derivative) type regulator block—in other words having a
transfer function of the proportional, derivative, and/or
integrative type—acting upon the error signal to output a
driving signal for the power regulator, the driving of the
power regulator regulating a voltage at the ends of the
heating element or a current through the heating element.

[0060] Inan embodiment, the at least one heating element
is of the resistive type and the P.I.D. regulator block causes
avoltage value at the ends of the heating element or a current
value flowing through it that increases as the error signal
increases.

[0061] Inan embodiment, the at least one heating element
is of the resistive type and the P.I.D. regulator block causes
a modulated voltage at the ends of the heating element, or a
modulated current through the heating element, the duty
cycle of which increases as the error signal increases.

[0062] Preferably, the heating element is of the resistive
type, more preferably the heating element comprises at least
one resistive sheet applied to at least one battery of the
power supply unit, and even more preferably the at least one
resistive sheet is interposed between two adjacent batteries
of the power supply unit.

[0063] Preferably, the at least one temperature sensor
comprises a thermistor, more preferably a negative tempera-
ture coeflicient (NTC) thermistor.

[0064] Preferably, the system further comprises a charge
controller that receives in input an output of the at least one
temperature sensor and controls the electrical circuit to
actuate the supply of electrical charging energy only when
the detected temperature is within the closed charging tem-
perature range.

[0065] In an embodiment, the at least one temperature
sensor comprises at least one first temperature sensor con-
nected to the charge controller, and at least one second
temperature sensor connected to the heating controller.

[0066] Preferably, the electrical circuit comprises at least
one charge circuit of the linear or switching type.

[0067] The charge circuit can be controlled by the charge
controller to carry out a first temporal charging step at
constant current and a second temporal charging step at
constant voltage.

[0068] The charge controller and the heating controller
can be embodied in a common microprocessor.

[0069] Preferably, the system further comprises a power
supply and regulator circuit that can be connected to the
external energy source to provide a regulated power supply
to the system.
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[0070] Preferably, the system further comprises at least
one user interface device. In this way it is possible to set
suitable values for the closed characteristic temperature
range and/or for the lower temperature threshold and/or for
the upper temperature threshold.

[0071] The system can further comprise at least one elec-
tronic device for controlling an electronic gearshift and/or
for acquiring, displaying, and controlling bicycle riding
parameters and other functions.

[0072] The components of the system can be housed in a
single casing, which can be fixed to the bicycle frame.

[0073] In other embodiments, the electrical charging cir-
cuit is housed in a first casing and the power supply unit is
housed in a second casing, the first and the second casing
being mechanically and electrically removably connectable.
In this way it is possible to reduce the weight of the bicycle
by detaching the first casing or battery charger from the
second casing, comprising the power supply unit or battery
pack and possibly the electronic device, during use of the
bicycle.

[0074] Preferably, the charge controller is housed in the
first casing. By providing that the controller is part of the
battery charger, the power supply device is lighter and more
cost-effective, an advantageous aspect when two or more
interchangeable removable power supply devices are pro-
vided.

[0075] For similar reasons, preferably the interface
device(s) is (are) housed in the first casing.

[0076] Preferably, the at least one temperature sensor is
housed in the second casing. Alternatively, the at least one
temperature sensor can be housed in the first casing and
come into thermal contact with the power supply unit when
the first casing and the second casing are connected, namely
during charging.

[0077] Preferably, the at least one heating element is
housed in the second casing. Alternatively, the at least one
heating element can be housed in the first casing and come
into thermal contact with the power supply unit when the
first casing and the second casing are connected, namely
during charging.

[0078] The at least one electronic device can be housed in
the second casing. Alternatively, the at least one electronic
device can be housed in a third casing, the second casing
being mechanically and electrically connectable to the third
casing. In this way, the power supply unit or battery pack can
be removed from the bicycle during charging, possibly being
replaced by a twin battery pack to allow the prolonged
operation of the electronic device.

[0079] The heating controller can be housed in the first
casing, in the second casing, or in the third casing.

[0080] The power regulator can be housed in the first
casing, in the second casing, or in the third casing.

[0081] When the heating controller and the electronic
device are housed in the same casing, the heating controller
can comprise an electronic circuit mounted on a printed
circuit of the electronic device, or it can be embodied in a
microprocessor of the electronic device.
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[0082] In another aspect thereof, the invention concerns a
power supply device for a bicycle electronic device com-
prising

[0083] a power supply unit comprising at least one
rechargeable battery,

[0084] a connector for a removable electrical power and
data connection with a battery charger,

[0085] at least one temperature sensor thermally coupled
with the power supply unit, and

[0086] at least one selectively activatable heating element,
thermally coupled with the power supply unit,

[0087] wherein the heating element is selectively actuated
when the power supply device is connected to the battery
charger and when the temperature detected by the sensor is
lower than or equal to a lower temperature threshold within
a closed charging temperature range, characteristic of the
power supply unit.

[0088] The power supply device can further comprise a
power regulator for the selective actuation of the heating
element, the power regulator being controlled by the battery
charger.

[0089] Alternatively, the power supply device can further
comprise a connector for a removable electrical power and
data connection with an electronic device for controlling an
electronic gearshift and/or for acquiring, displaying, and
controlling bicycle riding parameters and other functions,
and a power regulator for the selective actuation of the
heating element, the power regulator being controlled by the
electronic device.

[0090] In another aspect thereof, the invention concerns a
battery charger for a bicycle electronic device, comprising

[0091] a connector for a removable electrical power and
data connection with a power supply unit of the electronic
device,

[0092] an electrical circuit for receiving energy from an
external energy source and for selectively supplying charg-
ing energy to the power supply unit, and

[0093] a heating controller that receives in input a signal
indicative of a detected temperature of the power supply unit
and provides a signal for the actuation of a heating element
of the power supply unit when the detected temperature is
lower than or equal to a lower temperature threshold within
a closed charging temperature range characteristic of the
power supply unit.

[0094] In another aspect thereof, the invention concerns a
bicycle electronic device comprising

[0095] a connector for a removable electrical power and
data connection with a power supply unit, and

[0096] a heating controller that receives in input a signal
indicative of a detected temperature of the power supply unit
and provides a signal for the actuation of a heating element
of the power supply unit when the detected temperature is
lower than or equal to a lower temperature threshold within
a closed charging temperature range characteristic of the
power supply unit.
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[0097] Detailed Description

[0098] The block diagram of a first embodiment of the
system of the invention is shown in FIG. 1. In this embodi-
ment three functional blocks are identified, namely a battery
charger 1, a rechargeable power supply device 2, and a
bicycle electronic device 3, which in the most general
embodiment of the system of the invention is a device
external to the system itself.

[0099] The bicycle electronic device 3 and the recharge-
able power supply device 2 can indeed be housed in separate
casings, indicated hereafter with the same reference numer-
als 2 and 3, mechanically and electrically removably con-
nectable to each other. Alternatively, the bicycle electronic
device 3 and the power supply device 2 can be housed inside
a same casing 2a.

[0100] The battery charger 1 and the power supply device
2 can be housed in separate casings as well, indicated
hereafter with the same reference numerals 1 and 2,
mechanically and electrically removably connectable to
each other. Alternatively, the battery charger 1 and the power
supply device 2 can be housed inside a same casing 13.

[0101] Still alternatively, the battery charger 1, the power
supply device 2 and the bicycle electronic device 3 can be
housed inside a same casing 14.

[0102] The battery charger 1 is power supplied, in a per se
known way, through connection to an external energy source
P as, for example, a conventional electrical outlet at 220V or
110V, or a cigarette lighter of an automobile. The battery
charger 1 supplies power to the power supply device 2
through a line 18 and the power supply device 2 supplies
power to the bicycle electronic device 3 through a line 22.
It should also be understood that in addition to the connec-
tions shown there is also a ground connection, not shown for
the sake of simplicity.

[0103] In FIG. 1, the electrical power connections 18, 22
and the other electrical power and data connections to be
described between the battery charger 1, the power supply
device 2, and the bicycle electronic device 3 are illustrated
as removable, made through two pairs of multipolar con-
nectors CN1, CN2. It is understood that one or both pairs of
connectors CN1, CN2 will be missing in case only one or
two casings are provided.

[0104] The rechargeable power supply device 2 comprises
a power supply unit 4, a heating element 5, and a tempera-
ture sensor 6. In the practical embodiment, the power supply
unit 4 could consist of many battery elements, for example,
connected in series, to obtain an adequate voltage for the
power supply of the bicycle electronic device 3. The power
supply unit 4 is of the rechargeable type, for example, of the
lithium-ion type with polymeric electrolyte.

[0105] The heating element 5 preferably consists of a
resistive sheet placed in contact with the outer surface of the
power supply unit 4. The temperature sensor 6 is arranged
near to the power supply unit 4, also preferably in contact
with the outer surface of the power supply unit 4, and it
preferably consists of a passive element like an NTC (Nega-
tive Temperature Coefficient) thermistor. In different
embodiments such a sensor could be of a different type, for
example, a PTC (Positive Temperature Coefficient) ther-
mistor, an active (analogue or digital) sensor, etc.
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[0106] Alternatively, the heating element 5 and/or the
temperature sensor 6 can be part of the battery charger 1 and
come into thermal contact with the power supply unit 4
when connected to the battery charger 1, namely during
charging.

[0107] The battery charger 1 comprises a first, charging
control, logic unit or charge controller 7, of the known type,
and a second, heating control, logic unit or heating controller
8. The first and the second logic units 7 and 8 are advanta-
geously inside the same microprocessor unit.

[0108] The first, charging control, logic unit 7 comprises
an input 19 connected to the temperature sensor 6 of the
power supply device 2, and is connected to a charge circuit
9, for example of the linear or switching type, of the battery
charger 1. If the power supply unit 4 consists of many
battery elements, it can be provided to use as many charge
circuits 9 suitably connectable to the battery elements, for
example as described in EP 1 557 926 Al, which is incor-
porated herein by reference.

[0109] The second, heating control, logic unit 8 comprises
an input connected through a data line 20 to the temperature
sensor 6 of the power supply device 2, and a driving output
12 for a regulator 11 of the power of the heating element 5.
The power regulator 11 can also be a simple ON/OFF
switch.

[0110] The power regulator 11 preferably consists of a
MOSFET, but in different embodiments such a power regu-
lator could, for example, consist of a transistor or a relay.

[0111] In other embodiments, moreover, it can be provided
to use two dedicated temperature sensors, one for the first,
charging control, logic unit 7 and one for the second, heating
control, logic unit 8.

[0112] The first and the second logic units 7 and 8 and the
charge circuit 9 are power supplied by the external energy
source P through the power supply line 21 through the
interposition of power supply/regulator circuits 23 of a know

type.

[0113] The power regulator 11 is connected on one side to
the power supply line 21 and on the other side to the heating
element 5 through the line 25.

[0114] The battery charger 1 can advantageously be pro-
vided with one or more interface devices 10, for example, an
input keyboard or keypad and a display.

[0115] The operation of the system of FIG. 1 shall be
described hereafter with reference to FIGS. 5-8.

[0116] A second embodiment of the system according to
the invention is illustrated in FIG. 2. The embodiment of
FIG. 2 differs from the embodiment of FIG. 1 in that the
power regulator 11 is associated with the heating element 5
inside the power supply device 2. In this case, therefore, the
control output 12 of the power regulator 11 comes out from
the battery charger 1 and reaches the power supply device 2,
through the pair of multipolar connectors CN1 when pro-
vided for.

[0117] Such an embodiment can be particularly advanta-
geous when the power regulator 11 is of the solid state type,
for example of the MOSFET type, since during its actuation
and deactuation, it undergoes heating caused by switching
losses. The heat energy produced by such losses is advan-
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tageously exploited to heat the battery 4 (in addition to the
heating produced by the heating element 6, as further
described hereafter).

[0118] A third embodiment of the system according to the
invention is illustrated in FIG. 3. The embodiment of FIG.
3 differs from the embodiment of FIG. 1 in that the second
heating control unit 8 and the power regulator 11 are housed
in the casing of the electronic device 3. In this case the
power supply line 21 comes out from the battery charger 1
towards the electronic device 3, through the pairs of multi-
polar connectors CN1 and CN2 when provided for, to power
supply the second, heating control, logic unit 8. The power
supply line 25 of the heater 5 and the data line 20 between
the temperature sensor 6 and the temperature controller 8
cross the pair of multipolar connectors CN2, when provided
for.

[0119] In such an embodiment, moreover, the second
heating control unit 8 can consist of an electronic circuit
mounted on the same printed circuit where the electronic
circuits of the electronic device 3 are arranged.

[0120] Alternatively, the heating control unit 8 can belong
to a microprocessor of the electronic device 3, intended for
other bicycle control functions, for example, the manage-
ment of an automatic or semiautomatic gearshift.

[0121] A fourth embodiment of the system according to
the invention is illustrated in FIG. 4. The embodiment of
FIG. 4 differs from the embodiment of FIG. 3 in that the
power regulator 11 is associated with the heating element 5
inside the casing of the power supply device 2. The control
line 12 of the regulator 11 comes out from the electronic
device 3 towards the power supply device 2 through the pair
of multipolar connectors CN2, when provided for.

[0122] A first embodiment of the method according to the
invention shall be described with reference to FIG. 5 and to
the system of one of the embodiments described above.

[0123] According to such a first embodiment of the
method according to the invention different parameters are
used, possibly settable by the user through the interface
devices 10 or through an interface device of the electronic
device 3 or computer cycle.

[0124] Such parameters comprise:

[0125] Tl=lower limit charging temperature, typically a
value set based upon the value provided by the manufacturer
for the type of battery power supply unit 4 used; for example
T1=0° C. for lithium-ion batteries with polymeric electro-
Iyte;

[0126] T2=upper limit charging temperature, typically a
value set based upon the value provided by the manufacturer
for the type of battery power supply unit 4 used; for example
T2=40° C. for lithium-ion batteries with polymeric electro-
Iyte;

[0127] Tlow=lower temperature threshold, a value
selected upon experimental basis and based upon the type of
battery power supply unit 4 used; this lower temperature
threshold is the temperature at which or above which one
wishes to take or keep the temperature of the power supply
unit 4, and preferably it is selected a few degrees higher than
the value of the lower limit charging temperature T1; for
example Tlow=5° C. for lithium-ion batteries with poly-
meric electrolyte.
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[0128] The parameter Tlow can be omitted when the value
of the lower limit charging temperature T1 is used instead.

[0129] The range of temperatures between T1 and T2 is
indicated, in the present description and in the attached
claims, as closed charging temperature range.

[0130] The values of T1 and T2 are stored in the first,
charging control, logic unit 7, whereas the value of Tlow is
stored in the second, heating control, logic unit 8.

[0131] When the charging of the power supply unit 4
needs to be carried out, the battery charger 1 is connected to
the external energy source P and, if necessary, to the power
supply device 2 through the pair of connectors CN1.

[0132] The first, charging control, logic unit 7 detects in
block 90 the temperature value T of the power supply unit
4 through the sensor 6. If the detected value T falls within
the closed charging temperature range, i.e., T1<=T<=T2, the
first, charging control, logic unit 7, in block 91, enables the
charge circuit 9 to carry out the charging of the power supply
unit 4. If the detected value T falls outside the closed
charging temperature range, i.e., T<T1 or T>T2, the first,
charging control, logic unit 7 remains in inactive state and
does not enable the charge circuit 9 or else disables the
charge circuit 9 in case it had previously been enabled. The
way of charging by the charge circuit 9 can be of any type,
for example, as described in the aforementioned document
EP 1 557 926 Al, wherein charging provides for a first
charging step at constant current and a second charging step
at constant voltage.

[0133] Concurrently with the described operation of the
first, charging control, logic unit 7, the second, heating
control, logic unit 8 operates to carry out the “thermoregu-
lation” of the power supply unit 4 independently of the
operation of the first, charging control, logic unit 7.

[0134] In block 101, the heating control logic unit 8
detects the temperature value T of the power supply unit 4
through the temperature sensor 6. If the detected value T is
lower than or equal to the lower limit temperature value
Tlow, i.e., T<=Tlow, the heating control logic unit 8 in block
102, through the control output 12, actuates the heating
element 5 driving the power regulator 11, of the ON/OFF
switch type, to the closed position. If, on the other hand, the
detected value T is higher than the lower limit temperature
value Tlow, i.e., T>Tlow, one proceeds to block 103 where
the heating control logic unit 8, again through the control
output 12, deactuates the heating element 5 driving the
power regulator or ON/OFF switch 11 to the open position.

[0135] The regulation cycle thus implemented is therefore
a temperature control performed on a threshold Tlow.

[0136] The values of T1, T2, and Tlow are suitably
selected to allow the correct operation of the apparatus. In
particular, correct operation requires that T1<=Tlow. In the
case of use of a lithium-ion battery with polymeric electro-
lyte, the value of Tlow is advantageously selected a few
degrees higher than the lower limit charging temperature T1,
for example Tlow=>5° C. In this way, the lower temperature
threshold Tlow on which the temperature control is carried
out is at a safety value that ensures the charging step by the
first, charging control, logic unit 7 taking possible inaccu-
racies in temperature detection by the sensor 6 into account,
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or of different readings, for whatever reason, by the two
logic units 7 and 8 in the case of using two dedicated
temperature sensors.

[0137] 1If, in the initial charging step, the temperature T of
the power supply unit 4 is lower than the lower limit
temperature T1, the heating 102 consists of a preliminary
operation with respect to the charging operation, which shall
begin when the temperature of the power supply unit 4
reaches the value T1.

[0138] On the other hand, if, in the initial charging step,
the temperature T of the power supply unit 4 is comprised
between T1 and Tlow, in the case wherein T1>Tlow—for
example T=3° C. in the case described above with T1=0° C.
and Tlow=5° C.—the heating and charging steps shall begin
simultaneously.

[0139] In a second embodiment of the method according
to the invention, in addition to the parameters T1, T2, and
Tlow mentioned above a fourth parameter is used:

[0140] Thigh=upper temperature threshold, a wvalue
selected on an experimental basis and based upon the type
of battery power supply unit 4 used, as well as the power of
the heater 5; this upper temperature threshold is the tem-
perature at which or above which one wishes to interrupt the
heating of the power supply unit 4; preferably, the upper
temperature threshold is selected higher by a few degrees,
more preferably by about 15° C., than the lower temperature
threshold and lower, more preferably lower by about 25° C.,
than the upper limit of the closed charging temperature
range; for example Thigh=15° C. for lithium-ion batteries
with polymeric electrolyte.

[0141] The value of Thigh is stored in the second, heating
control, logic unit 8.

[0142] With reference to FIG. 6, concurrently with the
charging blocks 90, 91 described above, in block 201 the
heating control logic unit 8 detects the temperature value T
of the power supply unit 4 through the temperature sensor 6.
If the detected value T is lower than or equal to the lower
limit temperature value Tlow, i.e., T<=Tlow, in a block 202
the heating control logic unit 8, through the driving output
12, actuates the heating element 5 closing the power regu-
lator 11, again of the ON/OFF switch type. If, on the other
hand, the detected value T is higher than the lower limit
temperature value Tlow, i.e., T>Tlow, one proceeds to block
203 where the detected temperature value T is compared
with the upper temperature threshold Thigh. If the detected
value T is higher than the upper temperature threshold
Thigh, i.e., T>Thigh, in block 204 the heating control logic
unit 8 deactuates the heating element 5 opening the power
regulator 11 or ON/OFF switch. The regulation cycle thus
implemented is therefore a temperature control performed
on two thresholds Thigh and Tlow.

[0143] The temperature control performed on two thresh-
olds Thigh and Tlow can be preferable with respect to the
control with a single threshold Tlow since it allows the
number of actuations and deactuations of the power regu-
lator 11 to be reduced with a reduction of the switching
losses, especially when such a power regulator is a solid
state power regulator (e.g., MOSFET). Moreover, this con-
trol performed on two thresholds, Thigh and Tlow, allows
possible instability of the system to be avoided should the
temperature T of the power supply unit 4 quickly change
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about the temperature Tlow, which would involve continu-
ous switching of the power regulator 11 in case of control
carried out on the lower temperature threshold Tlow only
according to FIG. 5.

[0144] In a third embodiment of the method according to
the invention the parameters T1 and T2 mentioned above,
limits of the charging temperature range, and the lower
temperature threshold, indicated here with Tref, are used.

[0145] With reference to FIG. 7, concurrently with the
charging blocks 90, 91 described above, in block 301 the
heating control unit 8 detects the temperature value T of the
power supply unit 4 through the temperature sensor 6. If the
detected value T is higher than the lower temperature
threshold or reference temperature Tref, the heating control
unit 8 remains in inactive state, i.e., the heating element 5 is
deactuated—block 302. If the detected value T is lower than
or equal to the reference temperature Tref, the heating
control unit 8 in block 303, through the control output and
the regulator 11, actuates the heating element 5 through a
signal obtained with a closed loop feedback control system
shown schematically in FIG. 8.

[0146] The driving signal for the heating element 5 is
obtained as processing of an error signal suitably filtered by
a P.I.D. regulator block.

[0147] More specifically, the temperature value T detected
by the temperature sensor 6 of the power supply unit 4 is
multiplied in a multiplier 26 by a gain value GAIN, which
can also be unitary. The signal at the output of the multiplier,
GAIN*T, is subtracted from the value Tref in a subtractor
node 27. The output of the subtractor node 27 is indicated as
error signal e=Tref—-GAIN*T.

[0148] The error signal € is sent to a PI1D. type regulator
block 28, which has a transfer function of the proportional
P, derivative D and/or integrative I type.

[0149] The output signal S(e) of the regulator block 28 is
used to drive the power regulator 11 so that the voltage V(1)
at the ends of the heating element 5 or the current I(t) that
is flowing in the heating element 5 has the desired progres-
sion to provide the desired heat power.

[0150] For example, the drive signal S(e) can be a signal
that causes a voltage value V(1) at the ends of the heating
element 5, when of the resistive type, which increases as the
error signal € increases, as illustrated in the diagram of FIG.
9.

[0151] As a further example, the drive signal S(e) can be
a signal that causes a voltage value V(t) at the ends of the
heating element 5, or a current value I(t) through the heating
element 5, when of the resistive type, pulse width modulated
(PWM signal), wherein the duty cycle of the modulated
signal increases as the error signal € increases, as illustrated
in FIG. 10.

[0152] In the various embodiments described above, in
case the power supply unit 4 comprises many batteries, a
plurality of temperature sensors 6 can be provided for, to
detect the respective temperatures. The various embodi-
ments of the method of the invention described above can,
in this case, be implemented with respect to the individual
temperatures should a plurality of heating elements 5 also be
provided, or else with respect to the average temperature or
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to the minimum temperature among those of the various
batteries making up the power supply unit 4.

[0153] Those skilled in the art shall understand that sev-
eral changes, additions, eliminations, and replacements can
be made to the embodiments described above without
departing from the scope of protection of the invention
defined by the attached claims.

What is claimed is:

1. Method for controlling the charging of a rechargeable
battery power supply unit for a bicycle electronic device,
comprising the steps of:

detecting at least one temperature of the power supply
unit; and

supplying heat energy to the power supply unit when the
detected temperature is lower than or equal to a lower
temperature threshold within a closed charging tem-
perature range characteristic of the power supply unit.

2. Method according to claim 1, further comprising the
steps of providing an external energy source and supplying
electrical energy to the power supply unit.

3. Method according to claim 2, wherein the step of
supplying electrical energy only occurs when the detected
temperature is comprised within the closed charging tem-
perature range.

4. Method according to claim 1, further comprising the
step of providing an external energy source and supplying
the heat energy to the power supply unit from the external
source.

5. Method according to claim 1, wherein the lower
temperature threshold is higher than the lower limit of the
closed charging temperature range.

6. Method according to claim 5, wherein the lower
temperature threshold is higher by about 5° C. than the lower
limit of the closed charging temperature range.

7. Method according to claim 1, wherein the step of
supplying heat energy to the power supply unit is carried out
until the detected temperature becomes higher than an upper
temperature threshold.

8. Method according to claim 7, wherein the upper
temperature threshold is lower than the upper limit of the
closed charging temperature range.

9. Method according to claim 8, wherein the upper
temperature threshold is about 25° C. lower than the upper
limit of the closed charging temperature range.

10. Method according to claim 7, wherein the upper
temperature threshold is about 15° C. higher than the lower
limit of the closed charging temperature range.

11. Method according to claim 1, wherein the step of
supplying heat energy comprises providing heat power as a
function of a difference between the lower temperature
threshold and a temperature proportional to the detected
temperature.

12. Method according to claim 1, wherein the step of
supplying heat energy is carried out by voltage- or current-
supplying power to a heating element of the resistive type
thermally coupled with the power supply unit.

13. Method according to claim 2, wherein the step of
detecting at least one temperature of the power supply unit
comprises detecting a first temperature for controlling the
execution of the step of supplying electrical energy and a
second temperature for controlling the execution of the step
of supplying heat energy.
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14. Method according to claim 2, wherein at least one of
the steps of detecting a temperature, supplying heat energy,
and supplying electrical energy is carried out independently
for each of a plurality of batteries of the rechargeable battery
power supply unit.

15. Power supply system for a bicycle electronic device,
comprising:

a rechargeable battery power supply unit;

at least one sensor of a temperature of the power supply
unit;

at least one selectively activatable heating element, that
can be thermally associated with the power supply unit;
and

a heating controller that receives in input the output of the
at least one temperature sensor and actuates the heating
element when the detected temperature is lower than or
equal to a lower temperature threshold within a closed
charging temperature range characteristic of the power
supply unit.

16. System according to claim 15, further comprising an
electrical circuit for receiving energy from an external
energy source and for selectively supplying charging energy
to the power supply unit.

17. System according to claim 15, wherein the power
supply unit comprises at least two batteries, and at least one
heating element is thermally associated with each battery.

18. System according to claim 15, wherein the power
supply unit comprises at least two batteries, and at least one
temperature sensor is thermally associated with each battery.

19. System according to claim 15, further comprising a
power regulator connected between a power supply line of
the system and the heating element, and driven by the
heating controller to selectively actuate the at least one
heating element.

20. System according to claim 19, wherein the power
regulator is selected from the group consisting of relays and
solid-state element devices.

21. System according to 19, wherein the heating control-
ler comprises a multiplier of an output signal of the at least
one temperature sensor, a subtractor for subtracting the
output of the multiplier from the lower temperature thresh-
old and for obtaining an error signal, and a P.I.D. (propor-
tional-integral-derivative) type regulator block acting upon
the error signal to output a driving signal for the power
regulator, the driving of the power regulator regulating a
voltage at the ends of or a current through the heating
element.

22. System according to claim 21, wherein the at least one
heating element is of the resistive type and the PID.
regulator block causes a voltage value at the ends of or a
current through the heating element that increases as the
error signal increases.

23. System according to claim 21, wherein the at least one
heating element is of the resistive type and the PID.
regulator block causes a modulated voltage at the ends of the
heating element, or a modulated current through the heating
element, the duty cycle of which increases as the error signal
increases.

24. System according to claim 15, wherein the heating
element comprises at least one resistive sheet applied to at
least one battery of the power supply unit.
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25. System according to claim 15, wherein the at least one
temperature sensor comprises a thermistor.

26. System according to claim 16, further comprising a
charge controller that receives in input an output of the at
least one temperature sensor and controls the electrical
circuit to actuate the supply of electrical charging energy
only when the detected temperature is within the closed
charging temperature range.

27. System according to claim 26, wherein the at least one
temperature sensor comprises at least one first temperature
sensor connected to the charge controller and at least one
second temperature sensor connected to the heating control-
ler.

28. System according to claim 16, wherein the electrical
circuit comprises at least one charge circuit of the linear or
switching type.

29. System according to claim 28, wherein the charge
circuit is controlled by the charge controller for carrying out
a first temporal charging step at constant current and a
second temporal charging step at constant voltage.

30. System according to claim 26, wherein the charge
controller and the heating controller are embodied in a
COmMmon Mmicroprocessor.

31. System according to claim 16, further comprising a
power supply and regulator circuit that can be connected to
the external energy source to provide a regulated power
supply to the system.

32. System according to claim 15, further comprising at
least one user interface device.

33. System according to claim 15, further comprising at
least one electronic device for controlling an electronic
gearshift and/or for acquiring, displaying, and controlling
bicycle riding parameters and other functions.

34. System according to claim 15, wherein its components
are housed in a single casing, fixed to a frame of the bicycle.

35. System according to claim 16, wherein the electrical
charging circuit is housed in a first casing and the power
supply unit is housed in a second casing, the first casing and
the second casing being mechanically and electrically
removably connectable.

36. System according to claim 35, further comprising a
charge controller that receives in input an output of the at
least one temperature sensor and controls the electrical
circuit to actuate the supply of electrical charging energy
only when the detected temperature is within the closed
charging temperature range, wherein the charge controller is
housed in the first casing.

37. System according to claim 35, wherein at least one
interface device is housed in the first casing.

38. System according to claim 35, wherein the at least one
temperature sensor is housed in the second casing.

39. System according to claim 35, wherein the at least one
heating element is housed in the second casing.

40. System according to claim 35, wherein the heating
controller is housed in the first casing.

41. System according to claim 35, wherein the heating
controller is housed in the second casing.

42. System according to claim 35, further comprising at
least one electronic device for controlling an electronic
gearshift and/or for acquiring, displaying, and controlling
bicycle riding parameters and other functions, wherein the at
least one electronic device is housed in the second casing.
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43. System according to claim 42, wherein the heating
controller is housed in the second casing and comprises an
electronic circuit mounted on a printed circuit of the elec-
tronic device.

44. System according to claim 42, wherein the heating
controller is housed in the second casing and is embodied in
a microprocessor of the electronic device.

45. System according to claim 35, further comprising a
power regulator connected between a power supply line of
the system and the heating element, and driven by the
heating controller to selectively actuate the at least one
heating element, wherein the power regulator is housed in
the first casing.

46. System according to claim 35, further comprising a
power regulator connected between a power supply line of
the system and the heating element, and driven by the
heating controller to selectively actuate the at least one
heating element, wherein the power regulator is housed in
the second casing.

47. System according to claim 35, further comprising at
least one electronic device for controlling an electronic
gearshift and/or for acquiring, displaying, and controlling
bicycle riding parameters and other functions, wherein the at
least one electronic device is housed in a third casing, the
second casing being mechanically and electrically connect-
able to the third casing.

48. System according to claim 47, wherein the heating
controller is housed in the third casing.

49. System according to claim 48, wherein the heating
controller comprises an electronic circuit mounted on a
printed circuit of the electronic device.

50. System according to claim 49, wherein the heating
controller is embodied in a microprocessor of the electronic
device.

51. System according to claim 47, wherein the power
regulator is housed in the third casing.

52. Power supply device for a bicycle electronic device
comprising:

a power supply unit comprising at least one rechargeable
battery;

a connector for a removable electrical power and data
connection with a battery charger;

at least one temperature sensor thermally coupled with the
power supply unit; and

at least one selectively activatable heating element, ther-
mally coupled with the power supply unit,

wherein the heating element is selectively actuated when
the power supply device is connected to the battery
charger and when the temperature detected by the
sensor is lower than or equal to a lower temperature
threshold within a closed charging temperature range,
characteristic of the power supply unit.

53. Power supply device according to claim 52, further
comprising a power regulator for the selective actuation of
the heating element, the power regulator being controlled by
the battery charger.

54. Power supply device according to claim 52, further
comprising a connector for a removable electrical power and
data connection with an electronic device for controlling an
electronic gearshift and/or for acquiring, displaying, and
controlling bicycle riding parameters and other functions,
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and a power regulator for the selective actuation of the
heating element, the power regulator being controlled by the
electronic device.

55. Battery charger for a bicycle electronic device, com-
prising:

a connector for a removable electrical power and data
connection with a power supply unit of the electronic
device;

an electrical circuit for receiving energy from an external
energy source and for selectively supplying charging
energy to the power supply unit; and

a heating controller that receives in input a signal indica-
tive of a detected temperature of the power supply unit
and provides a signal for actuating a heating element of
the power supply unit when the detected temperature is
lower than or equal to a lower temperature threshold
within a closed charging temperature range character-
istic of the power supply unit.

56. Bicycle electronic device, comprising:

a connector for a removable electrical power and data
connection with a power supply unit; and

a heating controller that receives in input a signal indica-
tive of a detected temperature of the power supply unit
and provides a signal for actuating a heating element of
the power supply unit when the detected temperature is
lower than or equal to a lower temperature threshold
within a closed charging temperature range character-
istic of the power supply unit.

57. A method for controlling the charging of a recharge-

able battery power supply unit having a closed charging
temperature range, the method comprising the steps of:

detecting at least one temperature of the power supply
unit; and

supplying heat energy to the power supply unit when the
detected temperature is lower than or equal to a lower
temperature threshold within the closed charging tem-
perature range and until the detected temperature
becomes higher than an upper temperature threshold.

58. The method according to claim 57, wherein the upper
temperature threshold is lower than an upper limit of the
closed charging temperature range.

59. The method according to claim 58, wherein the upper
temperature threshold is about 25° C. lower than the upper
limit of the closed charging temperature range.

60. The method according to claim 57, wherein the upper
temperature threshold is about 15° C. higher than a lower
limit of the closed charging temperature range.

61. The method according to claim 57, wherein the
method is for use with a bicycle electronic device.

62. A power supply system for a bicycle electronic device,
comprising:

a rechargeable battery power supply unit having a closed
charging temperature range;

at least one sensor of a temperature of the power supply
unit;

at least one selectively activatable heating element, that
can be thermally associated with the power supply unit;

a heating controller that receives in input the output of the
at least one temperature sensor and actuates the heating
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element when the detected temperature is lower than or
equal to a lower temperature threshold within the
closed charging temperature range;

an electrical circuit for receiving energy from an external
energy source and for selectively supplying charging
energy to the power supply unit;

a first casing housing the electrical charging circuit;

a second casing housing the power supply unit, the first
casing and the second casing being mechanically and
electrically removably connectable; and

a third casing housing the at least one electronic device,
the second casing being mechanically and electrically
connectable to the third casing.

63. The system according to claim 62, wherein the heating

controller is housed in the third casing.

64. The system according to claim 63, wherein the heating
controller comprises an electronic circuit mounted on a
printed circuit of the electronic device.

65. The system according to claim 63, wherein the heating
controller is embodied in a microprocessor of the electronic
device.

66. The system according to claim 62, wherein a power
regulator is housed in the third casing.

67. Power supply system for a bicycle electronic device,
comprising:

a rechargeable battery power supply unit;

at least one sensor of a temperature of the power supply
unit;

at least one selectively activatable heating element, that
can be thermally associated with the power supply unit;

a heating controller that receives in input the output of the
at least one temperature sensor and actuates the heating
element when the detected temperature is lower than or
equal to a lower temperature threshold within a closed
charging temperature range characteristic of the power
supply unit;

at least one electronic device for controlling an electronic
gearshift and/or for acquiring, displaying, and control-
ling bicycle riding parameters and other functions;

a power regulator connected between a power supply line
of the system and the heating element, and driven by
the heating controller to selectively actuate the at least
one heating element,

an electrical circuit for receiving energy from an external
energy source and for selectively supplying charging
energy to the power supply unit;

wherein the electrical charging circuit is housed in a first
casing, and

wherein the power supply unit, the at least one tempera-
ture sensor, the at least one heating element, the heating
controller, the at least one electronic device and the
power regulator are housed in a second casing,

the first casing and the second casing being mechanically
and electrically removably connectable.
68. A bicycle electronic apparatus, comprising:

a power supply unit comprising at least one rechargeable
battery;
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a connector for a removable electrical power and data
connection with a battery charger;

at least one temperature sensor thermally coupled with the
power supply unit;

at least one selectively activatable heating element, ther-
mally coupled with the power supply unit;

a heating controller that receives in input the output of the
at least one temperature sensor and actuates the heating
element;

at least one electronic device for controlling an electronic
gearshift and/or for acquiring, displaying, and control-
ling bicycle riding parameters and other functions;
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a power regulator connected between a power supply line
of the apparatus and the heating element, and driven by
the heating controller to selectively actuate the at least
one heating element,

wherein the heating element is selectively actuated when
the apparatus is connected to the battery charger and
when the temperature detected by the sensor is lower
than or equal to a lower temperature threshold within a
closed charging temperature range, characteristic of the
power supply unit.



