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Description

Field of the invention

[0001] The invention relates in general to the field of
methods and systems for providing pulsed power and
data from a main control unit (master) to at least one
slave unit (slaves) via a bus. More specifically the inven-
tion relates to such systems where the master and slaves
are galvanically decoupled, e.g. to a rechargeable energy
storage systems comprising a plurality of rechargeable
cells.

Background of the invention

[0002] Several techniques for communicating power
and data over a single bus are known in the art. A well-
known example is "Power Line Communication" (PLC)
where data is carried on electrical conductors that are
simultaneously used for carrying AC electrical power. A
specific example is "Homeplug", which is the family name
for various power line communication specifications that
support networking over existing home electricity wiring.
Characteristic to such systems is that the power is a low-
frequency AC signal (e.g. 220 V at 50 Hz), and that the
data-information is super-imposed at the transmitter side
as a high-frequency signal (e.g. up to 30 MHz), which
data-signal can be separated from the power-signal by
appropriate filter-techniques at the receiver side. A dis-
advantage of such a system is that it requires a modem
at each transmitter and receiver side, which makes this
system prohibitively expensive for some applications,
and requires extra board space (as compared to systems
not requiring a modem). Another disadvantage is that the
devices connected to the bus are galvanically coupled
to the bus, unless a transformer is used, which again
makes the slave units, and thus the system, bulky and
expensive.
[0003] FR2612019A1 discloses a system including a
two-line bus, e.g. a shielded twisted pair, and several
units connected to the bus. The bus is equipped with a
general supply transformer, and each unit of the system
is coupled to the bus by a first transformer. Each unit is
also coupled to the bus by an isolating transformer with
ferrite core, intended for transferring digital signals be-
tween bus and unit. A disadvantage of such a system is
that each unit requires a first transformer for receiving
power, and an isolating transformer with a ferrite core for
the data-communication. That makes the units, and thus
the system, bulky, heavy and expensive.
[0004] WO2011/036147 describes a system for bal-
ancing charge over a plurality of rechargeable energy
storage devices 12, e.g. battery cells, coupled in series,
as illustrated in FIG. 1. The slave devices (here: balanc-
ing units 15) are galvanically separated from the power-
bus 30 by means of series capacitors 19. The data com-
munication between the slaves and the main control unit
20 occurs on a separate bus 40, e.g. a CAN bus. As the

slaves 15 are at different potentials, they cannot be con-
nected directly to the CAN-bus, but e.g. may be connect-
ed thereto by means of interface devices using opto-cou-
pling, which requires board space and increases the
component cost.
[0005] FIG. 1 shows a system 13 for recharging a plu-
rality of battery cells 12, connected in series to form a
string 11, each cell 12 being controlled by a balancing
unit 15. The main control unit 20 of this system comprises
an AC signal generator 14 for providing power pulses on
the bus 30, which are provided to the slave units 15
through series capacitors 19. A portion of that power is
used for the local power supply 22 of the slave unit, see
FIG. 2, for powering a local micro-controller 18. The mi-
cro-controller 18 is arranged for opening and/or closing
switches SW1, SW2 for charging and/or discharging the
corresponding battery cell 12. Another portion of the pow-
er pulse is used for charging or discharging the corre-
sponding battery cell 12. The micro-controller 18 can
measure e.g. the voltage of the battery cell 12 by meas-
uring the voltage difference over the pins S+ and S- by
means of an internal A/D convertor 21. Via a second bus
40, separate from the power bus 30, the main control unit
20 can send commands to each of the slave units 15,
e.g. to instruct a particular slave unit to measure the cell
voltage of the corresponding battery cell 12, and when
the value is measured and digitized by means of an A/D
convertor 21, this particular slave unit can send the meas-
ured voltage value via the data bus 40 to the main control
unit 20. The interested reader is kindly referred to
EP2302757A1 for more details.
[0006] The second bus 40 can e.g. be a (well known)
CAN bus. However, as the slave units 15 are connected
to the storage elements 12, which are connected in se-
ries, the slaves 15 are at different potentials, and there-
fore they cannot be connected directly to the second bus
40, but need to be connected via galvanic separation
means, such as e.g. opto-coupling.
[0007] FIG. 2 shows one of the balancing units 15 of
the rechargeable energy storage system of FIG. 1 in more
detail. The control and purpose of the switches SW1 and
SW2 is described in EP2302757A1. Node "P", is where
power is injected from the power bus 30 via the series
capacitor 19, and the node "C" is the node through which
the micro-controller 18 and the main control unit 20 can
communicate via the second bus 40. The communication
interface is not described in detail in EP2302757A1.
[0008] There is a need for another method and system
for providing power and data on a bus.

Summary of the invention

[0009] It is an object of embodiments of the present
invention to provide an alternative method and system
for addressing individual slaves connected to a main con-
trol unit.
[0010] This objective is accomplished by a system and
a method according to embodiments of the present in-
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vention.
[0011] In a first aspect, the present invention provides
a system for providing power and data signals from a
main control unit to at least one slave unit via a first bus;
the main control unit comprising a first AC signal gener-
ator adapted for providing a first AC signal comprising a
plurality of first pulses for providing power to the at least
one slave unit via the first bus; each slave unit being AC-
coupled to the first bus by means of a first series capacitor
(or capacitive circuit, or capacitive device), each first se-
ries capacitor (or capacitive circuit, or capacitive device)
being arranged for converting the first pulses provided
at its input into second pulses at its output; the main con-
trol unit being adapted for sending data to the at least
one slave unit by modulating the plurality of first pulses;
the at least one slave unit being adapted for receiving
the data by demodulating the plurality of second pulses.
The pulses are preferably block or square-wave pulses
as the electronic components therefor are economical to
purchase. Embodiments of the present invention modu-
late and demodulate sequences of pulses using methods
for converting a data signal to be transmitted into a pulse
train. The pulses may be binary pulses, i.e. they have a
"high" and a "low" value. The master unit includes pulse
generator and a transmitter to transmit the modulated
pulses and the slave has a receiver. The pulses can be
binary pulses and the master has a binary pulse gener-
ator and transmitter, and the receiver has a binary pulse
demodulator. The data information can be carried on a
detectable characteristic of the pulses, such as the am-
plitude of a signal, or the information can be carried along
the time axis of the signal. Embodiments of the present
invention can make use of pulse amplitude modulation,
pulse position modulation (PPM), pulse width modulation
(PWM), pulse frequency modulation (PFM), pulse inter-
val modulation (PIM), Pulse Count Modulation etc.. In
particular the pulses have at least one edge or flank. The
pulses can have a rising or falling edge or flank which
can be used as a reference point in a demodulation of
the data information from the received signal. A pulse
amplitude or a time difference between pulse edges or
flanks can be associated with a bit value which is one
part of the data information received. In a preferred em-
bodiment, the pulse edges or flanks may be a first pulse
edge or flank on one pulse and a second pulse edge or
flank on a second pulse. The pulse edges or flanks may
be rising edges or falling edges, whereby leading edges
are preferred. The pulse edges or flanks may be a first
pulse edge or flank on one pulse and a second pulse
edge or flank on the same pulse. This defines a width of
the pulse.
[0012] Alternatively pulse trains may be received at the
slave unit and can be counted, whereby the count number
is associated with a certain bit value. A particular high
state of the pulse or low state of the pulse (e.g. of a certain
length that distinguishes can be used as a stop signal
and/or start signal for the counting.
[0013] As well as or instead of transmitting data and

power from a master unit to a slave unit, the systems of
the present invention may transmit data information from
a slave to a master, whereby similar pulse trains can be
used. For example the communication may be time di-
vided, i.e. a time period is allocated for data to be sent
from the master to the slave unit and another time period
is allocated for the slave to send data to the master unit
and/or to other slave units.
[0014] It is noted that instead of a single first series
capacitor associated with a slave unit, also a combination
of capacitors, e.g. two or more series capacitors, may be
used. For example a circuit of components that provide
a capacitance value to the circuit can be used. The circuit
or individual capacitor may be described as a "capacitive
device" or a "capacitive circuit" meaning a device or cir-
cuit which possesses a capacitance value and acts like
a capacitor, i.e. that it blocks a DC voltage signal and
allows through an alternating signal such as a square
wave - although the signal after passing the D blocking
capacitor may be distorted..
[0015] According to this embodiment, power pulses
and data are provided on the same bus, i.e. on the same
physical conductor, e.g. wire.
[0016] In an embodiment, the system comprises only
one slave unit. In another embodiment, the system com-
prises a plurality of slave units connected to the first bus,
for example two slave units (uniquely addressable by 1
bit), or from three to four slave units (uniquely address-
able by 2 bits), or from five to eight slave units (uniquely
addressable by 3 bits), or more than eight slave units. It
is an advantage of the power-and-data-bus that a single
bus can be used to provide power and data to all the
slave units. In this case, the protocol may use e.g. broad-
cast-commands (i.e. commands intended for all slaves),
or may send specific commands to address only one or
a subset of the slaves.
[0017] By coupling the at least one slave unit to the
first bus via a first series capacitor or first capacitive circuit
or first capacitive device, the at least one slave unit is
galvanically separated from the first bus. This may be
useful in applications where contactless power and data-
transmission is required, e.g. in medical applications for
establishing communication between a master device
outside of the body and an implanted device, e.g. for
releasing a medicament, or in systems having a large
number of slaves at a different potential (e.g. in a re-
chargeable energy storage system comprising a string
of rechargeable energy storage devices coupled in se-
ries), or in metering systems for safety-reasons.
[0018] It is known in the prior art to send power and
data on a single bus, by superposition of a data signal
and a power signal. However, as far as known by the
inventor, no prior art circuits exists for providing pulsed
power and data over a single bus, by modulating the
pulsed power signal itself, in combination with AC-cou-
pling through a series capacitor, capacitive circuit or ca-
pacitive device. A possible explanation may be because
the signal at the output of a series capacitor can be heav-
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ily distorted, and therefore assumed to be difficult to be
used as a baseband data signal. However, the inventors
have found that such a distorted signal can still be used
for effectively providing both power and data. One of the
enabling factors for the present invention is (1) the avail-
ability of small programmable micro-controllers at an eco-
nomical price, which allows a square or block-wave with
varying modulation characteristics, such as timing char-
acteristics, to be easily generated, and (2) this allows
digital processing of an incoming distorted signal (e.g. to
detect a characteristic of the pulses such as to detect the
time instance of arrival of the rising edge, a frequency
change, a special stop pulse, etc). It should be men-
tioned, however, that capacitive coupling typically work
less well for long lines (e.g. longer than 20.0 m), but this
technique is very well suitable in applications like energy
storage systems such as e.g. battery packs having outer
dimensions smaller than e.g. 5.0 m, preferably smaller
than 3.0 m.
[0019] One of the main advantages of embodiments
of the present invention is that the present system can
be built by means of very simple hardware for transmitting
data (by the main control unit) and receiving the data (by
the slave), as opposed to the prior art circuits, which ei-
ther don’t provide galvanic separation, or require more
complicated hardware, such as e.g. described in
FR2612019(A1), where the master unit and each slave
require a transformer, which is heavier, and more bulky
and more expensive than a capacitor. Cost is a very im-
portant factor in systems where a plurality of slave units
are required, such as e.g. in a rechargeable battery sys-
tem with multiple balancing units.
[0020] Different kinds of first pulses may be applied,
e.g. rectangular pulses, triangular pulses, pulses with a
trapezoidal shape, etc. but square-wave or rectangular
pulses are preferred due to the simplicity of the electronic
components that can be used. And the pulse waveforms
can be modulated in several ways, e.g. by pulse ampli-
tude modulation, pulse count modulation, pulse width
modulation (PWM) or pulse position modulation (PPM),
etc., each of which is an embodiment of the present in-
vention.
[0021] By using a bus, the power and data can be de-
livered to a plurality of slave units with a reduced number
of wires, as compared to the case where the main control
unit is connected to each of the slave units individually.
[0022] It is an advantage of embodiments of the
present invention that the power pulses are modulated
themselves for transmitting the data, because it allows
data to be sent at the same time as power is being sent,
as opposed to systems that use separate data pulses
and separate power pulses, e.g. in an interleaved man-
ner. If the power supply (providing the power pulses) is
not interrupted during data-communication, less decou-
pling is required in the slave units.
[0023] In an embodiment of the system, the main con-
trol unit is adapted for providing the first AC signal such
that the first pulses have a rising or falling edge; the main

control unit is adapted for sending the data by changing
a characteristic of these pulses such as amplitude or the
time distances between the rising (or falling) edges of
consecutive first pulses or rising and falling edges of one
pulse; at least one slave unit is adapted for receiving the
data by determining the characteristic of these pulses
such as amplitude or the time distances between edges,
e.g. between the rising (or falling) edges of consecutive
second pulses, or the rising and falling edges of one
pulse, and for translating the determined time distances
to corresponding data-symbols.
[0024] By detecting only the rising (or falling) leading
edges of the pulses, additional circuitry for detecting the
negative edges, which on the second pulses may as-
sume a negative voltage level, can be omitted. This fur-
ther simplifies the detection circuit. The time distance is
preferably measured between the rising (or falling edges)
edges of successive pulses.
[0025] In embodiments of the present invention, the
position of the negative edge need not be important for
the data communication. If all pulses have the same
waveform (in particular, same width), this modulation is
known as Pulse Position Modulation, but that is not ab-
solutely required in the present invention, and the width
of the pulses may be constant or may vary.
[0026] In an embodiment, the first AC signal generator
is adapted for generating substantially rectangular puls-
es.
[0027] Substantially rectangular (first) pulses can be
easily generated, e.g. by means of a switch and a con-
stant DC current source or a flip-flop circuit. The timing
of such pulses can be easily determined by opening and
closing the switch at proper time instances. At the trans-
mitter side, such time instances can be easily generated
by using a timer interrupt of a microprocessor. At the
receiver side, the time distances between rising (or fall-
ing) edges can be easily measured by using an input-pin
having interrupt capabilities such that an interrupt is au-
tomatically generated at a rising edge of the signal at the
input pin. This requires only a small, e.g. minimal amount
of processing power, both at the transmitter and receiver
side, and may be implemented by existing microproces-
sors, e.g. low cost microcontrollers.
[0028] In an embodiment, the main control unit and the
at least one slave unit are adapted for applying resp.
detecting at least a first and a second predetermined tim-
ing of edges e.g. the time distance corresponding to a
first resp. a second data symbol.
[0029] For example, the first data symbol could be a
zero-bit ’0’ and the second data symbol could be a one-
bit ’1’. In this case the signal generator would send one
data-bit along with each power pulse. For example, if the
AC signal is a 10 kHz (modulated) pulse-train, then the
raw data-rate on the bus (i.e. including protocol over-
head) would be 10 kbits/s. The net data-rate that can be
sent by the master unit to the one or more slaves, de-
pends on the protocol being used. As is well known in
the art, in case no net data is to be sent, the AC signal
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generator may send e.g. "dummy packets" on the bus.
[0030] In an embodiment, the main control unit and the
at least one slave unit are adapted for applying resp.
detecting at least a first, a second, a third and a fourth
amplitudeor timings of edges, e.g. time distances, corre-
sponding to a first, resp. second, third and fourth data
symbol.
[0031] In this case the signal generator would send two
data-bit along with each power pulse. For example, if the
AC signal is a 10 kHz (modulated) pulse-train, then the
raw data-rate on the bus (i.e. including protocol over-
head) would be 20 kbits/s. The invention is however not
limited to only one or two data-bits per symbol, and more
than two data-bits, e.g. three or four, or even more than
four bits/pulse may also be used.
[0032] In an embodiment, the main control unit and the
at least one slave unit are adapted for applying resp.
detecting at least a first, a second and a third amplitude
or tiling of edges such as time distances corresponding
to a first, resp. a second and a third data symbol, the third
data symbol being a dummy data symbol.
[0033] For example, the first data symbol could be a
zero-bit ’0’ and the second data symbol could be a one
bit ’1’, and the dummy data symbol could be a dummy
bit. In this case the signal generator could apply the third
timing or amplitude or time distance between power-puls-
es, when no data is to be sent, only power. Such a pro-
tocol may have the advantage that the decoding process
at the receiver side is simpler, and may require less
processing power, since no dummy data needs to be
processed. Such embodiments may also be more robust
to framing errors, e.g. when the dummy data are sent
between different packets.
[0034] If for example data is sent in frames or series
or commands of 8 bits each, then the dummy-data-sym-
bol may be used e.g. as a command separator (like a
start-bit), or as a clock-signal. But the protocol may also
use less than 8 bits per frame, or more than 8 bits per
frame.
[0035] In an embodiment, the system is a rechargeable
energy storage system comprising a string of recharge-
able energy storage devices coupled in series, and each
slave unit is a balancing unit for charging or discharging
one of the rechargeable energy storage devices.
[0036] In this example, the power placed on the first
bus is primarily intended for loading the rechargeable
energy devices (e.g. battery cells), and only a fraction of
the power injected on the first bus is used by the balancing
unit itself (e.g. for controlling switches, for measuring the
voltage, for communicating).
[0037] In an embodiment, the system further compris-
es a second bus, connected between the main control
unit and the at least one slave unit by means of a galvanic
decoupling element for communicating data from the at
least one slave unit to the main control unit.
[0038] The second bus may be distinct from the first
bus. Preferably the second bus is connected to all slave
units. The data-communication on the first bus would typ-

ically be called "down-link", while the data-communica-
tion on the second bus would typically be called "up-link".
[0039] The second data channel could be e.g. an I2C
bus, or a CAN-bus, or any other uni-directional or bi-di-
rectional bus known by the skilled person, (although this
bi-directional bus may only be used in a single direction,
i.e. from the slave to the main unit in certain embodi-
ments), and the galvanic decoupling element could be
e.g. an opto-decoupling element having a I2C bus inter-
face or a CAN-bus interface, or the like.
[0040] Such an embodiment would allow the one or
more slave unit to communicate back to the main control
unit. For example, in case of a rechargeable energy stor-
age system having a plurality of slave units, the slave
units could communicate the voltage level of the corre-
sponding energy cell to the main control unit.
[0041] This embodiment offers the advantage that bi-
directional communication is possible (from main unit to
slave units over the first bus, and from slave units to the
main unit over the second bus) with galvanic separation,
without having to use opto-coupling in both directions:
from the main control unit to the slave unit(s) and back.
[0042] In an embodiment, the at least one slave unit is
adapted for sending data to the main control unit over
the second bus, for instance synchronously with the first
AC signal.
[0043] In synchronous embodiments, one of the slaves
would place data (e.g. one bit) on the second bus (e.g.
via an opto-coupler), shortly (e.g. immediately) after de-
tecting the rising edge of a power pulse.
[0044] Pulse-position-modulation (PPM) may be used
both on the first bus and on the second bus, but that is
not absolutely required, e.g. the second bus may also
use another type of modulation, such as e.g. pulse-width-
modulation (PWM), pulse amplitude modulation or pulse
count modulation. However, in some of these cases the
main unit has to be able to detect both the rising edge
and falling edge of the pulses sent by the slave units.
[0045] The shape of the pulses sent by the main unit
and of the shape of the pulses sent by the slaves need
not be the same. For example, the pulses sent by the
main unit may be triangular and the pulses sent by the
slaves may be rectangular, but it is preferred that rectan-
gular pulses are sent by both the main unit and the slaves.
[0046] In some embodiments of the system, no actual
data is sent by the main control unit and any of the slave
units at the same time. In the example above with three
predefined time-differences, the third time-distance cor-
responding to "no-data" may be used on the down-link
at the moment when one of the slaves is communicating
via the up-link channel. By continuing to send pulses from
the main unit, with / without data, all units can easily and
efficiently remain synchronized, e.g. by counting the puls-
es, and data-collision from the slaves can be avoided.
The data-rate on the second bus can be increased as
compared e.g. to using an RS232-timing-protocol.
[0047] In an embodiment of the system with a second
bus, the galvanic decoupling element is a second series
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capacitor, capacitive circuit or capacitive device; the at
least one slave unit is adapted for providing a second AC
signal comprising a plurality of third pulses having a rising
edge (or falling edge) to the second series capacitor, ca-
pacitive circuit or capacitive device, whereby the ampli-
tude or timing of edges e.g. the time distances between
the rising edges (or falling edges) of consecutive third
pulses are modulated according to the data to be sent
from the slave unit to the main control unit; the main con-
trol unit is adapted for detecting the amplitude or timing
of edges e.g. the time distances between the rising (or
falling) edges of fourth pulses originating at an output of
the second series capacitors, capacitive circuits or ca-
pacitive devices when the third pulses are applied to its
input.
[0048] In a first example of this embodiment, the sec-
ond bus and the first bus are one and the same bus, and
the second and first capacitors, capacitive circuits or ca-
pacitive devices are one and the same capacitors, ca-
pacitive circuits or capacitive devices. In this example a
single bus is used to transfer power and/or data from the
main control unit to the slaves, and data from the slaves
to the master. The data from the slaves may e.g. be put
on the bus, when the main control unit is silent. The data
from the slaves may e.g. be interleaved between com-
mands sent by the main control unit, e.g. during a rela-
tively short or a relatively long period during which the
main control unit is not putting power pulses on the bus.
Using a single bus for power and forward and backward
communication, offers the advantage of requiring only a
single bus (hence the advantages of less wires, less han-
dling, less connections, lower cost).
[0049] In another example of this embodiment, the first
bus and the second bus are distinct from each other. This
offers the advantage that the forward and backwards
communication may occur in parallel, and that no power
pulses occur on the second bus, which may allow simpler
and cheaper implementation, in hardware, e.g. because
lower amplitudes may be used for the pulses sent by the
slaves, and/or less disturbance occurs on the busses,
and/or less capacitive decoupling required for the slaves
because the power delivery over the first bus may con-
tinue, and/or less data buffering may be required, and/or
in software, e.g. simpler protocol. In either case, the back-
communication (from the slaves to the main control unit),
whether sent on a single bus (between bursts of power
pulses) or on a separate second bus, may occur on sub-
stantially the same clock frequency as the frequency of
the first AC signal, or on a different clock frequency.
[0050] Using second series-capacitors, capacitive cir-
cuits or capacitive devices offers the significant advan-
tage that no opto-coupling units are required at all, not
in the down-link channel and not in the up-link channel.
This saves cost, saves board space, reduces labor, and
increases reliability (having the advantage of less com-
ponents).
[0051] The amplitudes, pulse counts or duration of the
predefined time distances (or pulse-widths or the like) for

each data symbol, e.g. ’0’ or ’1’ used by the slave units
for sending data, may be the same as, or different from
the amplitudes, pulse counts or duration of the time dis-
tances used by the main control unit when sending data.
The number of bits per pulse used for the down-link-com-
munication may be the same as, or different from the
number of bits per pulse for the up-link communication.
[0052] According to a second aspect, the present in-
vention provides a method for providing power and data
signals from a main control unit to at least one slave unit
via a first bus, the at least one slave unit being AC-cou-
pled to the first bus by means of one or more series ca-
pacitors, capacitive circuits or capacitive devices, the
method comprising the steps of: a) providing combined
power and data signals from the main control unit to the
at least one slave unit by generating a first AC signal
comprising a plurality of first pulses, and by applying the
first AC signal to the first bus; b) receiving the first pulses
at the input of the one or more series capacitors, capac-
itive circuits or capacitive devices, and providing second
pulses at the output of the one or more series capacitors,
capacitive circuits or capacitive devices; c) sending the
data from the main control unit to the at least one slave
unit by modulating the plurality of first pulses; d) receiving
the data in the at least one slave unit by demodulating
the plurality of second pulses. Preferably the at least one
slave unit is a plurality of slave units, all being connected
to the first bus.
[0053] In an embodiment of the method, the first AC
signal is generated such that the first pulses have a rising
(or falling) edge; the modulation of the first pulses is done
by changing the time distances between the rising (or
falling) edges of the same or consecutive first pulses; the
demodulation of the second pulses is done by detecting
the time distances between the rising (or falling) edges
of the same or consecutive second pulses, and by trans-
lating the determined time distances to corresponding
data-symbols.
[0054] In an embodiment, the first AC generator ap-
plies a first resp. second predetermined time-distance
for transmitting a first resp. second data symbol; and the
at least one slave unit demodulates the second pulses
by measuring the time distances between the rising (or
falling) edges of the same or consecutive second pulses,
and by selecting one of the two predefined time distance
corresponding to the measured time distance, and by
translating the selected time distances to corresponding
first and second data symbols.
[0055] Selecting the "corresponding" predefined time
distance is typically performed by calculating the differ-
ence between the measured time distance and each of
the predefined time distances corresponding to the data
symbols, and by selecting the one with the smallest ab-
solute difference value, but other techniques may also
be used.
[0056] In an embodiment, the first AC generator ap-
plies a first, resp. second and third predetermined time
distance for transmitting a first, resp. second and third

9 10 



EP 3 061 197 B1

7

5

10

15

20

25

30

35

40

45

50

55

data symbol, e.g. ’0’, ’1’, ’x’, the third data symbol being
a dummy data signal; and wherein the at least one slave
unit demodulates the second pulses by measuring the
time distances between the rising (or falling) edges of
the same or consecutive second pulses, and by selecting
one of the first, second and third predefined time distanc-
es corresponding to the measured time distance, and by
translating the selected time distance to corresponding
first, second and third data symbols, the third data symbol
being a dummy data signal.
[0057] In an embodiment, the at least one slave unit is
furthermore communicatively coupled to a second bus
by means of a galvanic decoupling element, and the
method furthermore comprising the steps of communi-
cating data from one of the slave units via the second
bus to the main control unit, synchronously or asynchro-
nously with the first AC signal.
[0058] When using an opto-coupler as the galvanic de-
coupling element, the data output of the slaves is not
distorted, and the main unit can easily detect rising and
falling edges of rectangular pulses sent by the slaves. In
this case the slaves can use e.g. pulse-position-modu-
lation or pulse-width-modulation or RS-232 modulation.
[0059] When capacitive coupling is used for commu-
nication from the slaves to the main unit, the signals may
be distorted. If the slaves send rectangular pulses and
use pulse-width-modulation (PWM), the main unit will
have to be able to detect both rising and falling edges for
decoding the data. If the slaves use pulse-position-mod-
ulation (PPM), the main unit only needs to detect the
rising edges. Other modulations can be used such as
amplitude modulation or pulse count modulation.
[0060] The slave units may use the same (or substan-
tially the same) clock frequency for sending data as was
used for the first pulses, but that is not absolutely re-
quired, and the slave units may also use an unrelated
clock frequency, for example based on a local oscillator.
The clock frequencies of the different slaves should, how-
ever, be substantially the same.
[0061] It is an advantage of using synchronous com-
munication, that the data-rate can be much higher than
with the asynchronous communication.
[0062] By using an appropriate protocol, collision of
messages on the back-channel can be avoided. Several
protocols are possible, e.g. a protocol where the master
first sends a message or command to one particular
slave, where after that one slave is given time to respond
on the second bus. When the first slave has sent its data,
the master addresses the next slave, etc. But other pro-
tocols can also be used.
[0063] Particular and preferred aspects of the inven-
tion are set out in the accompanying independent and
dependent claims. Features from the dependent claims
may be combined with features of the independent claims
and with features of other dependent claims as appro-
priate and not merely as explicitly set out in the claims.
[0064] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-

bodiment(s) described hereinafter.

Brief description of the drawings

[0065]

FIG. 1 shows a rechargeable energy storage system
comprising a plurality of rechargeable cells connect-
ed in series, as known in the art.
FIG. 2 shows one of the balancing units of the re-
chargeable energy storage system of FIG. 1 in more
detail.
FIG. 3 shows a rechargeable energy storage system
according to embodiments of the present invention.
FIG. 4 shows an enlarged block-diagram of an ex-
ample of a slave unit as can be used in the system
of FIG. 3.
FIG. 5 shows a circuit schematic for part of the slave
unit of FIG. 4, to illustrate how the communication
from the slave unit to the main control unit can be
established using opto-coupling devices, the second
switch being omitted of the drawing for clarity rea-
sons.
FIG. 6 is an example of a simple test-circuit known
in the art, for explaining how first pulses having a
rising edge (e.g. steep rising edges of rectangular
pulses) are transformed into second pulses having
a rising edge (e.g. a steep rising edge followed by a
level decay). The rising edges of the second pulses
occur substantially simultaneously with the rising
edges of the first pulses.
FIG. 7A shows an example of a pulsed power wave-
form comprising first pulses having a rising edge,
whereby the distance between the rising edges of
the first pulses is modulated according to data being
transmitted from the main control unit (master) to the
slave units.
FIG. 7B shows an example of second pulses ob-
tained at the output of the circuit of FIG. 6, when the
waveform of FIG. 7A is applied to its input.
FIG. 7C illustrates a further embodiment of pulsed
power waveforms
FIG. 7D to FIG. 7H illustrate further embodiments of
pulsed power waveforms.
FIG. 7I illustrates how the value of a decoupling ca-
pacitor can be calculated.
FIG. 8 shows an embodiment of a system according
to aspects of the present invention, whereby the
main control unit is adapted for sending power and
data to a plurality of slaves, but there is no return-
channel from the slaves to the main unit.
FIG. 9 shows an example of a slave unit as can be
used in the system of FIG. 8.
FIG. 10 shows an embodiment of a system according
to aspects of the present invention, whereby the
main control unit is adapted for sending power and
data to a plurality of slaves over a bus, and whereby
the slaves are adapted for selectively sending data
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to the main control unit over the same bus.
FIG. 11 shows an example of a slave unit as can be
used in the system of FIG. 10.
FIG. 12 shows an embodiment of a system according
to aspects of the present invention, whereby the
main control unit is adapted for sending power and
data to a plurality of slaves via a first bus, and where-
by the slaves are adapted for selectively sending da-
ta to the main control unit over a second bus, different
from the first bus.
FIG. 13 shows an example of a slave unit as can be
used in the system of FIG. 12.

[0066] The drawings are only schematic and are non-
limiting.
[0067] In the drawings, the size of some of the ele-
ments may be exaggerated and not drawn on scale for
illustrative purposes.
[0068] Any reference signs in the claims shall not be
construed as limiting the scope. In the different drawings,
the same reference signs refer to the same or analogous
elements.

Detailed description of illustrative embodiments

[0069] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes. The dimensions
and the relative dimensions do not correspond to actual
reductions to practice of the invention.
[0070] Furthermore, the terms first, second and the like
in the description and in the claims, are used for distin-
guishing between similar elements and not necessarily
for describing a sequence, either temporally, spatially, in
ranking or in any other manner. It is to be understood
that the terms so used are interchangeable under appro-
priate circumstances and that the embodiments of the
invention described herein are capable of operation in
other sequences than described or illustrated herein.
[0071] Moreover, the terms top, under and the like in
the description and the claims are used for descriptive
purposes and not necessarily for describing relative po-
sitions. It is to be understood that the terms so used are
interchangeable under appropriate circumstances and
that the embodiments of the invention described herein
are capable of operation in other orientations than de-
scribed or illustrated herein.
[0072] It is to be noticed that the term "comprising",
used in the claims, should not be interpreted as being
restricted to the means listed thereafter; it does not ex-
clude other elements or steps. It is thus to be interpreted
as specifying the presence of the stated features, inte-
gers, steps or components as referred to, but does not
preclude the presence or addition of one or more other

features, integers, steps or components, or groups there-
of. Thus, the scope of the expression "a device compris-
ing means A and B" should not be limited to devices con-
sisting only of components A and B. It means that with
respect to the present invention, the only relevant com-
ponents of the device are A and B.
[0073] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in one or more em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout this specification are
not necessarily all referring to the same embodiment, but
may. Furthermore, the particular features, structures or
characteristics may be combined in any suitable manner,
as would be apparent to one of ordinary skill in the art
from this disclosure, in one or more embodiments.
[0074] Similarly it should be appreciated that in the de-
scription of exemplary embodiments of the invention, var-
ious features of the invention are sometimes grouped
together in a single embodiment, figure, or description
thereof for the purpose of streamlining the disclosure and
aiding in the understanding of one or more of the various
inventive aspects. This method of disclosure, however,
is not to be interpreted as reflecting an intention that the
claimed invention requires more features than are ex-
pressly recited in each claim. Rather, as the following
claims reflect, inventive aspects lie in less than all fea-
tures of a single foregoing disclosed embodiment. Thus,
the claims following the detailed description are hereby
expressly incorporated into this detailed description, with
each claim standing on its own as a separate embodi-
ment of this invention.
[0075] Furthermore, while some embodiments de-
scribed herein include some but not other features in-
cluded in other embodiments, combinations of features
of different embodiments are meant to be within the
scope of the invention, and form different embodiments,
as would be understood by those in the art. For example,
in the following claims, any of the claimed embodiments
can be used in any combination.
[0076] In the description provided herein, numerous
specific details are set forth. However, it is understood
that embodiments of the invention may be practiced with-
out these specific details. In other instances, well-known
methods, structures and techniques have not been
shown in detail in order not to obscure an understanding
of this description.
[0077] When in the present document reference is
made to "data", reference is made to any kind of data,
including e.g. payload data, address information, com-
mands, etc. How the data is interpreted, is a matter of
the communication protocol used between the main con-
trol unit and the slave units. Although some aspects of a
possible protocol will be described in more detail, the
invention is not limited thereto, and other protocols can
be used as well.
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[0078] When in the present document reference is
made to "rise time" of a "rising edge" of a signal changing
from a "low" voltage level to a "high" voltage level, refer-
ence is made to the time taken by the signal to change
from a 10% value to a 90% value of the step from the
low to the high level. For example, where the pulsed sig-
nal is a rectangular block-wave with a 12 V amplitude
(varying between 0 V and 12 V), the rise time is defined
as the time required for the signal to change from 1.20
V to 10.80 V.
[0079] Where embodiments are described using rising
edges these may also be implelented using falling edges.
Leading edges can be preferred to trailing edges when
determining timings.
[0080] Embodiments of the present invention can be
used with energy storage systems but the present inven-
tion is not limited to energy storage systems alone, but
can also be used in other applications where a main con-
trol unit is to provide power and data to one or more slave
units, while being galvanically separated therefrom. The
principles of the present invention may for example also
be used in medical applications, where one or more slave
devices are implanted in a body, and where a main con-
trol unit, external to the body, provides power and data
to the slave devices via capacitive coupling. Another ap-
plication may be an access-control system, whereby the
main control unit is part of a badge reader, and the slave
units are part of an access card.

FIRST EMBODIMENT

[0081] FIG. 3 to FIG. 7 will be used to explain the main
principles of an embodiment of the present invention.
[0082] FIG. 3 shows a system 113 according to as-
pects of the present invention. The system 113 is a var-
iant of the energy storage system 13 of FIG. 1, but this
is not intended to limit the invention to energy storage
systems. When comparing the block-diagram of FIG. 3
with that of FIG. 1, it becomes immediately clear that the
main difference between both systems 113, 13 is that
the data from the main control unit 120 to the one or more
slave units 115 occurs over the first bus 130 instead of
over the second bus 140, as indicated by the arrows
"power and data" and "data". While not directly evident
from FIG. 3, this offers the important advantage that the
second bus 140 can now be uni-directional instead of bi-
directional. When using opto-couplers, this means that
one of the two opto-couplers (one for each direction) can
be omitted per slave 115. This is a major advantage in
terms of board space and component cost, especially in
systems such as energy storage systems having a plu-
rality of slaves, e.g. having at least eight, or at least six-
teen, or at least thirty-two slaves, or even more. In addi-
tion, the traffic over the second bus 140 is reduced (as
compared to the system 13 of FIG. 1), which may allow
for using slower interfacing devices, e.g. slower opto-
couplers, which may further decrease the component
cost. This may also reduce noise, EMC and EMI prob-

lems, and thus increase system reliability.
[0083] An important aspect of the present invention, is
how both power and data can be transmitted over the
same bus 130, which bus is galvanically decoupled from
the slaves 115 by means of series capacitors 119, as will
be described next.
[0084] FIG. 4 shows an embodiment of a slave unit
115 as can be used in the energy storage system 113
shown in FIG. 3. The power and data signal (emanating
from the main control unit 120) is provided to the slave
unit 115 via input note "P". As explained with relation to
FIG. 1 and FIG. 2, a portion of the power is used for the
local power supply 122, and another portion may be
transferred to an external device, in this case the battery
cell 12 (not shown in FIG. 4), by controlling the switches
SW1, SW2 in a similar manner as described in the prior
art mentioned above. The micro-controller 118 can re-
ceive data from the main control unit 120 via the line RX,
and can transmit data to the main control unit 120 via the
line TX. Whereas in FIG. 2, the communication lines RX
and TX both go to the node "C", in the slave unit of FIG.
4, only the line TX (for transmitting) data goes to node
"C", while the line RX (for receiving data) is connected
to node "P". The important advantage of this difference
may not be immediately apparent from the block-diagram
of FIG. 4, but will become apparent from a schematic
diagram, an example of which is shown in FIG. 5, al-
though the present invention is not limited to this sche-
matic only, but other schematics may also be used.
[0085] FIG. 5 shows the slave unit 115 of FIG. 4 in
more detail, apart from the second switch SW2, and some
decoupling capacitors, capacitive circuits, or capacitive
devices, which are omitted for clarity purposes. The local
power supply 122 is shown as a block-diagram, but such
circuits are well known in the art, and therefore need not
be shown or described in further detail here. C2 is the
series capacitor (or capacitive circuit, or capacitive de-
vice) for passing the power to the local power supply 122
and for charging the battery cell 12 (not shown) while
blocking the DC-component. Capacitor C2 (or capacitive
circuit, or capacitive device) corresponds to capacitor
119 in FIG. 3, but as shown, a second capacitor C1 (or
capacitive circuit, or capacitive device) is optionally con-
nected in parallel to C2 for making the communication
more reliable and less dependent on the state of the bat-
tery element 12 and the state of the switch SW1. If
present, the value of C1 is typically a few orders of mag-
nitude smaller than that of C2. Alternatively the capacitor
C1 (or capacitive circuit, or capacitive device) may be
omitted, in which case the resistor R1 would be connect-
ed to the output of C2, but in this case the communication
signal would be weak in case the first switch SW1 would
be closed, and the voltage of the corresponding cell 12
(not shown in FIG. 5) would be low. Adding a separate
data path (through the series capacitor C1 (or capacitive
circuit, or capacitive device) between the bus 130 and
the slave unit 115, offers the advantage of not having to
open the switch SW1 when data is to be received. This

15 16 



EP 3 061 197 B1

10

5

10

15

20

25

30

35

40

45

50

55

makes the communication more reliable, and also sim-
plifies the software of the micro-processor 118. The
switch SW1 can be e.g. a bipolar transistor, or a FET, or
a thyristor, or any other suitable switch known in the art.
An output-stage of the opto-isolation component 135 may
be powered from the main control unit 120 by means of
power signal PP. The micro-controller 118 preferably has
at its inputs clamp-diodes (not illustrated) which prevent
that the voltage level at the input pins exceeds far (e.g.
more than 0.5 V) above VDD or far (e.g. more than 0.5
V) below local GND. The ground pin GND of the micro-
controller 118 would typically be connected to the low
voltage level of the battery cell 12 via the S- node. This
allows the capacitor C1 (or capacitive circuit, or capaci-
tive device) to be coupled via a simple resistor R1 to an
input pin of the micro-controller 118 without damaging it.
Due to this, the negative part of the pulses P2 would
substantially disappear (on the inside of the micro-con-
troller). If this slave unit 115 were to be used in the prior
art system 13 of FIG. 1, the capacitor C1 (or capacitive
circuit, or capacitive device) and the resistor R1 could be
omitted, but another (uni-directional) opto-isolation com-
ponent would have to be added for the data received by
the micro-controller, which would occupy more board
space, and increase the cost.
[0086] Having described the structure of the system
113, and in particular of the slave units 115, its working
will now be described referring to FIG. 6 and FIG. 7.
[0087] First, it will be explained, by means of the simple
test circuit of FIG. 6, how first pulses P1, e.g. rectangular
pulses, generated by the main control unit 120 and the
AC signal generator 114 (see FIG. 3) are transformed
(distorted) into non-rectangular second pulses P2 by the
series capacitors 119 (or capacitive circuits, or capacitive
devices). It is well known in the art, that rectangular puls-
es P1 with steep rising edges r1, are transformed by a
series capacitance into second pulses P2 with steep ris-
ing edges r2 occurring substantially simultaneously with
the rising edges r1 of the first pulses P1, but then decay
exponentially over time. The exact size and shape of first
and second pulses P1, P2 is not of prime importance for
the embodiments of the present invention to work, as
long as the pulses are suitable for providing a sufficient
amount of power to the slave units 115, and as long as
the relevant characteristic of pulses which is used for
transferring information can be extracted at the slave.
For example, in some embodiments the slave units 115
are able to measure a time difference between the rising
edges r2a and r2b of successive pulses P2 with sufficient
accuracy, as will be explained further. In the rechargea-
ble energy system 113 of FIG. 1 and FIG. 3, the power
pulses P1 are preferably rectangular pulses with a pre-
determined amplitude, for instance 12 V, at a predeter-
mined frequency, for instance 10 kHz or 25 kHz, and
having a predetermined duty cycle, for instance a duty
cycle of about 50%. Other amplitudes larger or smaller
than 12 V may however also be used, such as e.g. 5 V
or about 6 V or about 24 V, and other frequencies and

duty cycles, may also be used.
[0088] FIG. 7A, FIG. 7B and FIG. 7C show the principle
of how data can be communicated from the main control
unit 120 to the slave units 115 in an embodiment of the
present invention. For example, in the system 113 of FIG.
3, there is modulation of the power pulses themselves.
FIG. 7A and FIG. 7C show an example of such a series
of first pulses P1, whereby the pulses have a rising edge,
preferably a steep rising edge, and whereby the distance
(time difference) between the rising edges of the subse-
quent first pulses P1 is modulated, in particular baseband
modulated, according to data to be transmitted from the
main control unit 120 to the slave units 115. As a modu-
lation technique, Pulse Position Modulation, known in the
art as "PPM", may be used. However, it is not absolutely
required to use this technique. The waveform illustrated
is a variant thereof, as in classical PPM the high-time of
each pulse is equal, while that is not absolutely required
for embodiments of the present invention. For embodi-
ments of the present invention, only the position of the
rising edges is important. In other embodiments the train-
ing edge may be used instead. FIG. 7A shows an exam-
ple of a waveform generated by the AC signal generator
114. The master unit has a transmitter for transmitting
the modulated AC signal. The AC signals can be binary
signals. It should be noted that it is not absolutely required
that rectangular pulses are used as the first pulses P1,
and triangular pulses, e.g. from a saw-tooth waveform
could also be used. However, rectangular pulses are ad-
vantageous as they are extremely easy to produce by
simple electronic circuits such as a micro-controller (as
part of the main control unit 120), e.g. by toggling a digital
output pin between ’0’ and ’1’, and applying that to the
inputs of a so called H-bridge. Such circuits are common-
ly used in motor control circuitry, and thus need not be
described in further detail here. It is e.g. well known that
the output of the H-bridge can be active "low", or active
"high", or "high impedance".
[0089] FIG. 7B shows an example of second pulses
P2 appearing at the output of the series capacitor 119
(or capacitive circuit, or capacitive device), when the
waveform of FIG. 7A or FIG. 7C is applied at its input.
The exact shape of the waveform of the second pulses
P2 may deviate from the ideal waveform shown in FIG.
6, depending on the actual impedance of the circuit "be-
hind" the capacitance (at the slave side). For example,
in the circuit of FIG. 6, the impedance is a single resistor
R, in which case the second pulses P2 decay as an ex-
ponential function. But in the case of the circuit of FIG.
5, the impedance is that of a more complicated circuit
comprising the diode D2, the power supply 122, a switch
SW1 (which may be open or closed), and optionally also
the energy storage cell (not shown). However, in these
embodiments by choosing a suitable modulation and de-
modulation technique, such as PPM, the exact shape of
the second pulses P2 is less or not important, and only
the position between pulse edges such as, for example,
the rising edges r2a, r2b of successive pulses is impor-
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tant, which is the parameter being modulated.
[0090] In the example shown in FIG. 7A, FIG. 7B and
FIG. 7C, the time difference Δt between successive puls-
es can assume one of a number of predefined values,
e.g. three predefined values: when no data is sent from
the master control unit 120 to the slaves 115, a third pre-
defined time difference Δt3 between subsequent pulses
is used, corresponding to "no-data" or "dummy bits".
These pulses only carry power, no data. When a ’1’-bit
is to be sent from the master control unit 120 to the salves
115, a second predefined time difference Δt2 between
subsequent pulses is used, corresponding to ’1’ bits.
Such pulses carry both power and data information.
When a ’O’-bit is to be sent from the master control unit
120 to the slaves 115, a first predefined time difference
Δt1 between subsequent pulses is used, corresponding
to ’0’ bits. Also these pulses carry both power and data
information. The second predefined time difference Δt2
between subsequent pulses may for instance be larger
than the first predefined time difference Δt1 between sub-
sequent pulses, and the third predefined time difference
Δt3 between subsequent pulses may be smaller than the
first predefined time difference Δt1 between subsequent
pulses. This, however is not a requirement; the inverse
may be the case, or both the second and the third pre-
defined time difference Δt2, Δt3 between subsequent
pulses may be smaller or larger than the first predefined
time difference Δt1 between subsequent pulses. In an
example where the frequency of the pulses on the first
bus is about 25 kHz, Δt1, Δt2 and Δt3 may e.g. be chosen
equal to about 35, 40 and 45 microseconds, respectively,
(with a tolerance of e.g. less than 1.5 microseconds
each), and may correspond to ’0’, ’1’ and ’no data’ re-
spectively, but other values may also be used.
[0091] The above description relates to embodiments
of the present invention that can be described as using
a form of pulse frequency modulation (i.e. as shown in
and described with respect to Fig 7A, 7B, 7C). Modulation
is achieved by changing the period of the block wave to
encode bits. One period (Δt3) signals "idle", "dummy" or
"no data". Other periods signal different bit combinations
of one or more bits. Demodulation is achieved by meas-
uring the time between rising edges and relating bits val-
ues to the different time lengths.
[0092] Alternatively in further embodiments modula-
tion may be performed by keeping the period of the pulses
constant but by varying the on and off time of the block
wave (Fig. 7D, Fig 7E). This is a form of pulse width mod-
ulation. In order to demodulate, the time lapse is meas-
ured between rising and falling edges of each pulse. The
components of the circuit shown in fig 6 are sized in order
to retain measurable falling edges. Again, different bit
combinations of one or more bits (FIG. E) may be encod-
ed in order to increase bandwidth.
[0093] In accordance with further embodiments of the
present invention, a combination of the two former tech-
niques may be used, e.g. an idle signal is generated by
a given period T1. These pulses transmit only power. For

data a different time T2 is used (see FIG. 7F). The dis-
tinction between different data values is achieved by var-
ying the duty cycle inside T2. This means that pulse width
modulation is used inside the T2 duty cycle. Demodula-
tion is somewhat simplified as a simple period measure-
ment can be used to determine whether data is being
sent or not. Once data reception is started demodulation
is performed by pulse with measurements.
[0094] Yet another alternative embodiment of the
present invention makes use of a modulation technique
is shown in FIG. 7G. In this embodiment, the provision
of a data signal is by making a certain number of pulses
to represent a bit value. For demodulation pulses within
one pulse train are counted rather than time measured.
To indicate when one pulse train starts or stops a longer
(see FIG. 7G) or shorter idle time can be used or a longer
or shorter pulse than is used in the pulse train for count-
ing. For example with the pulse trains shown in FIG. 7G
a longer delay between pulses, i.e. a longer low value is
used as a start/stop signal, and a simple time-out counter
can be used to determine when to reset the pulse count.
The advantage of this embodiment is that the carrier fre-
quency can be increased (e.g. x 8) without the need for
increased processing power at the receiver side. In this
way the data bandwidth is maintained compared to pre-
vious embodiments but the power transmitted to the
slaves can be increased or the coupling capacitors (319)
or capacitive circuits or capacitive devices can be de-
creased in size.
[0095] In yet another embodiment modulation can be
performed by using a block wave with more than one
amplitude much in a similar manner as different periods.
This is a form of amplitude modulation. In this case the
modulation can be performed by switching between pow-
er supplies having different output voltages for the block
wave, for example. This requires an extra switch at the
sender side. For demodulation an extra comparator may
be required to determine the original amplitude.
[0096] Embodiments of the present invention can also
be used for bi-directional data transmissions. For exam-
ple, the slaves can generate pulses data for transmission
to a master or to other slaves, e.g. in the form of a broad-
cast signal. For example, a high impedance state may
be generated within the originally generated block wave
timing or at any appropriate timeslot in any of the em-
bodiments of the present invention, e.g. also with em-
bodiments without stopping the block wave generation.
In this case the block wave can be considered as a clock
pulse train that allows synchronous communication from
slave to main controller. A slave communicates by gen-
erating a different types of pulse of its own on the data
line during the high impedance state (see FIG. 7H). This
pulse, its position relative to the block wave and/or its
length can be detected by the main controller. These pa-
rameters can be linked to bit patterns.
[0097] In any of the embodiments of the present inven-
tion the size of the decoupling capacitor at the slave unit
or elsewhere can be determined in the following way with
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reference to Fig. 7I. The capacitor value of C1 in FIG.5
or C in FIG.6, for example can be calculated starting from
the discharge current of the capacitor which is calculated

with the formula:  When is known, C can be cal-

culated with next formula:  Fig. 7I shows a

Δv from e. g. max 1 V and Δt is known from the generated
block wave.
[0098] The micro-controller 118 of the slave units 115
can easily decode or demodulate such combined power
and data signal, e.g. by using an input pin which auto-
matically generates an interrupt on a rising edge, and the
micro-controller only needs to determine the time interval
between subsequent pulses, e.g. by measuring a time-
value (or counter-value) when the first pulse occurs, and
measuring a time-value (or counter value) when the sec-
ond pulse occurs, and then calculating the difference be-
tween these time-instances (or counter values) as Δt,
and then find the best match with one of the predefined
values Δt1, Δt2 and Δt3, and assign the corresponding
bits ’0’ or ’1’ or ’no data-bit’.
[0099] It is clear to the persons skilled in the art, that
the above specifies one possible embodiment of a "phys-
ical layer" of the well-known OSI-model which can be
used on the hardware of FIG. 3. The physical layer spec-
ifies how "bits" are communicated between devices. This
layer typically specifies parameters like e.g. voltages,
speed, and pin-out of cables.
[0100] Although any suitable higher layer protocol may
be used on top of this physical layer, a suitable protocol
for use in the rechargeable energy system 113 will be
described next, as an embodiment, and without limiting
systems according to the invention thereto.
[0101] In an example, each micro-controller 118, and
thus each slave unit 115, would have a unique address
on the bus, e.g. a 5-bit address in a system having 32
slave-units. The address may e.g. be hardcoded in the
slave software, or written in non-volatile memory (flash
or EEPROM, embedded into the slave, or externally con-
nected thereto), or may even be set at PCB-level by stuff-
ing pull-up or pull-down resistors, or by using dip-switch-
es, or in any other way. A communication cycle begins
with an ’idle’-state, corresponding to the "no-data-bits"
mentioned above. The main control unit 120 only sends
power pulses, no data. The slave units 115 are "listening"
to the bus by measuring the time differences Δt between
the rising edges of successive pulses (in this case they
would detect Δt3). Then, the main control unit 120 sends
a data-packet consisting of a predetermined number of
bits comprising instruction information and address in-
formation. As an example only, the main control unit 12
can send an 8 bits data-packet, comprising 3 bits for the
instruction + 5 bits for the address. Such 8-bit data packet
provides for eight possible commands and thirty-two
slave addresses. Of course, the length of the data-packet
may be adapted to the needs, i.e. the number of address-

es and the number of commands required for the partic-
ular application. One of the possible commands may be
"open all first switches SW1", in which case the address
field is irrelevant, and each slave unit 115 would open its
first switch SW1. Another command could be: "close one
first switch SW1", in which case only the addressed slave
unit closes its first switch. Another command could be
"measure all voltages". Each micro-controller 118 would
then measure the voltage of its electrical cell 12, by using
its A/D convertor, and store the value temporarily in mem-
ory. Another command could be "transmit one measured
voltage", and the addressed slave would transmit the
measured voltage over the second bus 40.
[0102] The communication over the second bus 140
may be based on the same frequency as the communi-
cation of the first bus 130, e.g. may be synchronous there-
with, but that is not absolutely required.
[0103] In the synchronous case, each incoming power
pulse would be used as a clock signal for outputting the
data on the second bus 140, i.e. at each rising edge of
the incoming pulses, the addressed slave would send
one bit-value to its opto-coupler 135, until all bits of the
measured value are sent. Since the master 120 is send-
ing the first pulses P1 on the first bus 30, it can easily
decode the data on the second bus 140.
[0104] As an example of asynchronous communica-
tion, each slave unit 115 may use its own timing, e.g. by
using an RS232-like timing protocol over the optical in-
terface, e.g. using a local clock derived from a local os-
cillator. Of course, the main control unit 120 would have
to use the same protocol on the receiving side of the
second bus 140 to decode the data received from the
slaves 115.
[0105] Whereas the waveforms shown in FIG. 7A and
FIG. 7B show three possible time differences Δt1, Δt2
and Δt3, the invention is not limited thereto, and other
implementations are also possible, as already indicated
above. For example, as a further possible implementa-
tion (not shown), only two time differences Δt1 and Δt2
may be used, whereby Δt1 corresponds to a ’1’ bit, and
Δt2 corresponds to a ’0’ bit. Again, by using an appropri-
ate protocol, e.g. by using data packets with a header
field (e.g. comprising a sync-byte such as e.g. hexadec-
imal number 0x47 for synchronization purposes), and
with a command field (e.g. 3 bits) and an address field
(e.g. 5 bits), the main control unit 120 would be able to
communicate to each slave unit 115 over the first bus
130 by modulating the power pulses. In this case, when
no data-information is to be sent to the slaves, dummy
packets could be sent on the bus, for example the "NOP"
command (No OPeration), which may be implemented
in any suitable manner, e.g. as one of the eight com-
mands, but requiring no action. As described above, oth-
er protocols can be used on top of this physical layer.
[0106] As yet a further possible implementation (not
shown), four time differences Δt1, Δt2, Δt3, Δt4 may be
used, whereby Δt1 corresponds to the symbol ’00’ com-
prising two bits, Δt2 corresponds to ’01’, Δt3 corresponds
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to the symbol ’10’, and Δt4 corresponds to the symbol
’11’. By using such a hardware layer, two data-bits can
be sent per power pulse. Possible timing could be Δt1=
about 32.5 microseconds, At2=about 37.5 microsec-
onds, Δt3= about 42.5 microseconds and Δt4= about 47.5
microseconds, (each with a tolerance of +/- 1.5 micro-
seconds, or less), but another timing may also be chosen.
[0107] As still another possible implementation (not
shown), five time differences Δt1, Δt2, Δt3, Δt4, Δt5 may
be used, whereby Δt1 corresponds to the symbol ’00’
comprising two bits, Δt2 corresponding to ’01’, Δt3 cor-
responds to the symbol ’10’, and Δt4 corresponds to the
symbol ’11’, and Δt5 corresponds to "no data". The latter
symbol may e.g. be used as packet separator. An ad-
vantage hereof is that it is easier to resynchronize in case
of sync-loss, since not an entire package or even multiple
packets of a given length need to be scanned.
[0108] Form the above, it should be clear to the skilled
reader, that it is also possible to send more than two data-
bits per power pulse, by using more, e.g. eight or nine,
predefined time differences Δt1 to Δt8 and optional Δt9,
corresponding to ’000’, ’001’, ... ’111’ and optional "no-
data". To achieve reliable communication over the first
bus 130, the rising edges is preferably be steep, i.e. have
a short "rise time" in relation to the predefined distances.
For example, the rise time should preferably be less than
20% of the smallest time difference between rising edg-
es, preferably less than 10%, more preferably less than
5%, or even less than 3%. In general, the higher the pulse
frequency of the first pulses P1, the shorter the rise-time
has to be, in order to maintain reliable communication.
[0109] Although the first embodiment is described as
an energy storage system, it is clear that the method and
system for providing pulsed power and data on the bus,
as explained above can also be applied in other systems
where a main control unit is connected to a bus, and
where one or more slave units are connected to the bus
by means of a series capacitor, such as e.g. a medical
implanted device mentioned above. Likewise, the slave
units of such a system do not need to be balancing units,
depending on the application. For example, lead acid bat-
tery cells generally do not require individual balancing,
but individual monitoring may be required. The same ap-
plies for fuel cells and flow cells.

SECOND EMBODIMENT:

[0110] Having explained the main principles of the
present invention by means of the first embodiment de-
scribed in relation to FIG. 3 to FIG. 7I, further embodi-
ments of the present invention will be easily understood.
In the following all the disclosure relating to the First Em-
bodiment above is included here by reference in this em-
bodiment. In particular all pulse wave forms, modulation
and demodulation techniques described with reference
to Fig. 7A to Fig. 7H are included by reference in this
embodiment.
[0111] FIG. 8 shows a second embodiment of a system

213 according to aspects of the present invention, where-
by the main control unit 220 is adapted for sending com-
bined power and data pulses over a bus 230 to one or
more slaves 215, which slaves 215 are connected to the
bus 230 by means of series capacitors 219 (or capacitive
circuits, or capacitive devices). The slaves 215 can re-
ceive the data in any of the ways or in the same way as
described above (first embodiment), e.g. by measuring
the time differences Δt between rising edges of the sec-
ond pulses P2 seen by the microcontroller 218.
[0112] The main difference between the second em-
bodiment and the first embodiment is that there is no
second channel in the second embodiment through
which the slaves 215 can communicate data to the main
control unit 220. Thus the present invention can also be
used in uni-directional communication systems.
[0113] FIG. 9 shows an example of a slave unit 215 as
can be used in the system 213 of FIG. 8. It is to be noted
that this slave unit 215 does not need an opto-coupler at
all, and thus board space, component count and cost can
be further reduced, and system reliability can be further
increased.

THIRD EMBODIMENT:

[0114] FIG. 10 shows a third embodiment of a system
313 according to aspects of the present invention, where-
by the main control unit 320 is adapted for sending power
and data signals over a bus 330 to one or more slave
units 315, which slave units 315 are connected to the
bus 330 by means of series capacitors 319 (or capacitive
circuit, or capacitive device). The slave units 315 can
receive the data from the main control unit 320 in any of
the ways or in the same way as described above (first
embodiment), by measuring the time differences Δt be-
tween rising edges of the second pulses P2. In the fol-
lowing all the disclosure relating to the First and Second
Embodiments above is included here by reference in this
embodiment. In particular all pulse wave forms, modula-
tion and demodulation techniques described with refer-
ence to Fig. 7A to Fig. 7H are included by reference in
this embodiment.
[0115] The main difference between the third embod-
iment and the first embodiment is that the slave units 315
can communicate back to the main control unit 320 via
the same channel 330 and through the same series ca-
pacitor 319 (or capacitive circuit, or capacitive device).
The main control unit 320 and the slave units 315 would,
however, not be able to communicate simultaneously
(not full-duplex), because baseband communication is
used, but may communicate e.g. alternatingly for a pre-
defined time period. This may require that the output driv-
er of the AC signal generator 314 is placed in a high
impedance state when the slaves are sending. However,
the AC signal generator may also be decoupled from the
first bus in other ways, such as e.g. by means of a switch
(not shown) between the bus 330 and the AC signal gen-
erator 314, or in any other way.
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[0116] In an example, first the main control unit 320
would provide sufficient energy and optionally also data
to the slave units 315 by sending first pulses P1, in any
manner or in a similar manner as described above, and
would then stop sending pulses. Subsequently, one of
the slaves would provide third pulses P3, e.g. rectangular
pulses with rising edges, to the capacitor 319 (or capac-
itive circuit, or capacitive device) in any way or in a similar
way as described above for the main control unit 320.
However, the third pulses P3 need not be exactly the
same as the first pulses P1 because the slave units 315
only need to send data without power to the main control
unit 320, and thus the pulses P3 may e.g. have a different
amplitude and/or shape and/or timing, and the data may
be sent at a different frequency as is used for the first
pulses. The third pulses P3 are transformed into fourth
pulses P4 through the series capacitor 319 (or capacitive
circuit, or capacitive device) in a similar manner as shown
in FIG. 6. In contrast to the first embodiment, where the
data sent by the slave units 315 could be synchronous
to the first pulses (clock), that is not possible in the em-
bodiment of FIG. 10. Instead, the micro-processor (not
shown) of the main control unit 320 of the embodiment
of FIG. 10 would measure the time differences Δt be-
tween the rising edges of the fourth pulses P4, and trans-
late them into a bit-stream, which can subsequently be
interpreted by the protocol being used, in a similar way
as was done by the slave unit of the first embodiment.
The values of the predefined time differences (e.g. Δt1,
Δt2, etc) and the protocol used in the communication from
the main control unit 320 towards the slave units 315 (i.e.
the down-link) need not necessarily be the same as those
used in the communication from the slave units 315 to
the main control unit 320 (i.e. the up-link), but using the
same protocol may be easier to implement.
[0117] FIG. 11 shows an example of a slave unit 315
as can be used in the system 313 of FIG. 10. It is noted
that this slave unit 315 does not need an opto-coupler
for communicating to the main control unit 320, but re-
quires an additional AC signal generator 345 for gener-
ating the third pulses P3 (which are transformed into
fourth pulses P4 by the capacitor 319 (or capacitive cir-
cuit, or capacitive device)). This AC signal generator 345
may comprise or consist of a voltage buffer, or may com-
prise an H-bridge, or other suitable circuitry. Preferably
this buffer 345 is put in a high-impedance state when the
main unit is sending power and/or data, or the TX-line
may be disconnected from the P node in another way,
e.g. by using an additional switch (not shown).
[0118] In case the system 313 is an energy storage
system (thus by adding storage cells and switches SW1,
SW2), that system would provide the same functionality
as the prior art circuit 13 (FIG. 1), however being more
compact, having a lower weight, a lower cost, and higher
system reliability.

FOURTH EMBODIMENT:

[0119] FIG. 12 shows a fourth embodiment of a system
413 according to aspects of the present invention, where-
by the main control unit 420 is adapted for sending power
and data signals over a bus 430 to one or more slave
units 415, which slave units 415 are connected to the
bus by means of series capacitors 419 (or capacitive cir-
cuit, or capacitive device). The slave units 415 can re-
ceive the data from the main control unit 420 in the same
way as described above (first embodiment), by measur-
ing the time differences Δt between rising edges of the
second pulses P2. In the following all the disclosure re-
lating to the First to Third Embodiments above is included
here by reference in this embodiment. In particular all
pulse wave forms, modulation and demodulation tech-
niques described with reference to Fig. 7A to Fig. 7H are
included by reference in this embodiment.
[0120] The main difference between the fourth embod-
iment and the first embodiment (of FIG. 3) is that the
slave units 415 can communicate back to the main control
unit 420 via a second channel 440 different from the first
channel 430, but instead of using opto-couplers, galvanic
separation is obtained by means of second series capac-
itors 441 (or capacitive circuit, or capacitive device).
[0121] In an example, first the main control unit 420
would provide sufficient energy and optionally also data
to the slave units 415 by sending first pulses P1, in any
manner or in a similar manner as described above. De-
pending on the implementation, in particular on the
processing capabilities of the microcontroller, the main
unit may then stop sending pulses so that the slave units
do not require decoding or demodulating, or may contin-
ue sending power pulses only, or may continue sending
power and data pulses, but only for a subset of the slaves.
Subsequently, one of the slaves would provide third puls-
es P3, e.g. rectangular pulses with rising edges, to the
capacitor 441 (or capacitive circuit, or capacitive device)
in any way or in a similar way as described above for the
main control unit 420. However, as described above, the
third pulses P3 need not be exactly the same as the first
pulses P1 because the slave units 415 only need to send
data without power to the main control unit 420, and thus
the pulses P3 may e.g. have a different amplitude and/or
shape and/or timing. The third pulses P3 would be trans-
formed into fourth pulses P4 through the series capacitor
441 (or capacitive circuit, or capacitive device) in any
manner or in a similar manner as shown in FIG. 6. The
third pulses P3 may be, e.g. may be sent at substantially
the same clock frequency as the first pulses P1, or at
another clock frequency, e.g. at a local clock frequency
of the microcontroller. The values of the predefined time
differences (e.g. Δt1, Δt2, etc) and the protocol used in
the communication from the main control unit 420 to-
wards the slave units 415 (i.e. the down-link) need not
necessarily be the same as those used in the communi-
cation from the slave units 415 to the main control unit
420 (i.e. the up-link), but using the same protocol may
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be easier to implement.
[0122] FIG. 13 shows an example of a slave unit 415
as can be used in the system 413 of FIG. 12. It is noted
that this slave unit 415 does not need an opto-coupler
for communicating to the main control unit 420, but re-
quires an additional AC signal generator 445 for gener-
ating the third pulses P3. This AC signal generator may
comprise or consist of a voltage buffer, or may comprise
an H-bridge, or other suitable circuitry. The AC signal
generator 445 would not be connected to the node "P"
but to a separate node "C", for connection to the series
capacitor 441 (or capacitive circuit, or capacitive device).
[0123] In case the system 413 is an energy storage
system (thus by adding storage cells and switches SW1,
SW2), that system would provide the same functionality
as the prior art circuit 13 (FIG. 1), however being more
compact, having a lower weight, a lower cost, and higher
system reliability, since the CAN-bus has been removed,
and all opto-couplers are replaced by capacitors 419,
441 (or capacitive circuits, or capacitive devices).

Claims

1. A system (113; 213; 313; 413) for providing power
and data signals from a main control unit (120; 220;
320; 420) to at least one slave unit (115; 215; 315;
415) via a first bus (130; 230; 330; 430);

- the main control unit comprising a first AC sig-
nal generator (114; 214; 314; 414) adapted for
providing a first AC signal comprising a plurality
of first pulses (P1) for providing power to the at
least one slave unit via the first bus;
- each slave unit being AC-coupled to the first
bus by means of a first series capacitor device
(119; 219; 319; 419), each first series capacitor
device being arranged for converting the first
pulses (P1) provided at its inputs into second
pulses (P2) at its output, the second pulses hav-
ing at least one edge or flank characterised in
that;
- the main control unit being adapted for sending
data to the at least one slave unit by modulating
the plurality of first pulses (P1);
- the at least one slave unit being adapted for
receiving the data by demodulating the plurality
of second pulses (P2) as selected from :

a) by determining pulse amplitudes be-
tween the received at least one edges or
flanks, and
b) by determining time differences between
the received at least one edges or flanks,
and
c) by counting pulses.

2. The system of claim 1 wherein the at least one edges

or flanks are rising or falling edges, and the slave
unit is adapted to determine time differences be-
tween receipt of the rising or falling edges of different
pulses, or
wherein the at least one edges or flanks are rising
edges and falling edges and the slave unit is adapted
to determine time differences between receipt by the
slave unit of rising edges and trailing edges of a
pulse, or
wherein the modulating and demodulating is by any
of or any combination of pulse position modulation
(PPM), pulse width modulation (PWM), (PFM) pulse
frequency modulation, pulse interval modulation
(PIM), or Pulse Count Modulation.

3. The system (113; 213; 313; 413) according to claim
1 or 2, wherein:

- the main control unit (120; 220; 320; 420) is
adapted for providing the first AC signal such
that the first pulses (P1) have a rising or falling
edge;
- the main control unit is adapted for sending the
data by changing the time distances (Δt) be-
tween the rising or falling edges of consecutive
first pulses;
- at least one slave unit (115; 215; 315; 415) is
adapted for receiving the data by determining
the time distances (Δt) between the rising or fall-
ing edges of consecutive second pulses, and for
translating the determined time distances (Δt) to
corresponding data-symbols.

4. The system (113; 213; 313; 413) according to any
of the previous claims, wherein the first AC signal
generator (114; 214; 314; 414) is adapted for gen-
erating substantially rectangular pulses.

5. The system (113; 213; 313; 414) according to any
of the claims 1-4, wherein the main control unit (120;
220; 320; 420) and the at least one slave unit (115;
215; 315; 415) are adapted for applying resp. detect-
ing at least a first and a second predetermined time
distance (Δt1, Δt2) corresponding to a first resp. a
second data symbol (’0’, ’1’).

6. The system (113; 213; 313; 413) according to claim
5, wherein the main control unit (120; 220; 320; 420)
and the at least one slave unit (115; 215; 315; 415)
are adapted for applying resp. detecting at least a
first, a second, a third and a fourth time distance (Δt1,
Δt2, Δt3, Δt4), corresponding to a first, resp. second,
third and fourth data symbol (’00’, ’01’, ’10’, ’11’), or
wherein the main control unit (120; 220; 320; 420)
and the at least one slave unit (115; 215; 315; 415)
are adapted for applying resp. detecting a plurality
of time distances corresponding to a plurality of data
symbols, in particular at least a first, a second and
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a third time distance (Δt1, Δt2, Δt3) corresponding to
a first, resp. a second and a third data symbol (’0’,
’1’,’x’), the third data symbol being a dummy data
symbol.

7. The system (113; 213; 313; 413) according to any
of the previous claims, wherein the system is a re-
chargeable energy storage system comprising a
string (111) of rechargeable energy storage devices
(112) coupled in series, and each slave unit (115;
215; 315; 415) is a balancing unit for charging or
discharging one of the rechargeable energy storage
devices (112).

8. The system (113; 313; 413) according to any of the
previous claims, furthermore comprising a second
bus (140; 340; 440), connected between the main
control unit (120; 320; 420) and the at least one slave
unit (115; 315; 415) by means of a galvanic decou-
pling element (135, 319; 441) for communicating da-
ta from the at least one slave unit (115; 315; 415) to
the main control unit (120; 320; 420).

9. The system (113; 313; 413) according to claim 8,
wherein the at least one slave unit (115, 315; 415)
is adapted for sending data to the main control unit
(120; 320; 420) over the second bus (140; 340; 440)
synchronously with the first AC signal.

10. The system (313, 413) according to claim 8 or 9,
wherein:

- the galvanic decoupling element is a second
series capacitor device (319, 441);
- the at least one slave unit is adapted for pro-
viding a second AC signal comprising a plurality
of third pulses (P3) having a rising or a falling
edge to the second series capacitor device,
whereby the time distances (Δt) between the ris-
ing or falling edges of consecutive third pulses
are modulated according to the data to be sent
from the slave unit to the main control unit;
- the main control unit (320; 420) is adapted for
detecting the time distances (Δt) between the
rising or falling edges of fourth pulses (P4) orig-
inating at an output of the second series capac-
itor devices (319, 441) when the third pulses are
applied to its input.

11. Method for providing power and data signals from a
main control unit (120; 220; 320; 420) to at least one
slave unit (115; 215; 315; 415) via a first bus (130;
230; 330; 430), the at least one slave unit being AC-
coupled to the first bus by means of one or more
series capacitor devices (119; 219; 319; 419), the
method comprising the steps of:

- providing combined power and data signals

from the main control unit (120; 220; 320; 420)
to the at least one slave unit (115; 215; 315; 415)
by generating a first AC signal comprising a plu-
rality of first pulses (P1), each pulse having at
least one edge or flank, and by applying the first
AC signal to the first bus (130; 230; 330; 430);
- receiving the first pulses (P1) at the input of
the one or more series capacitor devices (119;
219; 319; 419), and providing second pulses
(P2) at the output of the one or more series ca-
pacitor devices, characterised by;
- sending the data from the main control unit
(120; 220; 320; 420) to the at least one slave
unit (115; 215; 315; 415) by modulating the plu-
rality of first pulses (P1);
- receiving the data in the at least one slave unit
(115; 215; 315; 415) by demodulating the plu-
rality of second pulses (P2), selected from :

a) by determining pulse amplitudes be-
tween the received at least one edges or
flanks, and
b) by determining time differences between
the received at least one edges or flanks,
and
c) by counting pulses.

12. The method of claim 11 wherein the at least one
edges or flanks are rising or falling edges and the
slave unit is adapted to determine time differences
between receipt of the rising or falling edges of dif-
ferent pulses, or
wherein the at least one edges or flanks are rising
edges and falling edges and the slave unit is adapted
to determine time differences between receipt by the
slave unit of rising edges and falling edges of a pulse,
or
the modulating and demodulating being by any of,
or any combination of pulse position modulation
(PPM), pulse width modulation (PWM), (PFM) pulse
frequency modulation, pulse interval modulation
(PIM), or Pulse Count Modulation.

13. The method according to claim 11 or 12, wherein:

- the first AC signal is generated such that the
first pulses (P1) have a rising or a falling edge;
- the modulation of the first pulses (P1) is done
by changing the time distances (Δt) between the
rising or falling edges of consecutive first pulses;
- the demodulation of the second pulses (P2) is
done by detecting the time distances (Δt) be-
tween the rising or falling edges of consecutive
second pulses, and by translating the deter-
mined time distances (Δt) to corresponding da-
ta-symbols.

14. The method according to any of the claims 11 to 13,
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wherein

- the first AC generator (114, 214; 314; 414) ap-
plies a first resp. second predetermined time-
distance (Δt1, Δt2) for transmitting a first resp.
second data symbol (’0’, ’1’);
and wherein the at least one slave unit (115;
215; 315; 415) demodulates the second pulses
by measuring the time distances (Δt) between
the rising or falling edges of consecutive second
pulses (P2), and by selecting one of the two pre-
defined time distance (Δt1, Δt2) corresponding
to the measured time distance (Δt), and by trans-
lating the selected time distances (Δt1, Δt2) to
corresponding first and second data symbols
(’0’, ’1’).

15. The method according to claim 14, wherein

- the first AC generator (114, 214; 314; 414) ap-
plies a first, resp. second and third or more pre-
determined time distance (Δt1, Δt2, Δt3) for
transmitting a first, resp. second and third or
more data symbols (’0’, ’1’, ’x’), the third data
symbol being a dummy data signal;
and wherein the at least one slave unit (115;
215; 315; 415) demodulate the second pulses
(P2) by measuring the time distances (Δt) be-
tween the rising or falling edges of consecutive
second pulses, and by selecting one of the first,
second and third or more predefined time dis-
tances (Δt1, Δt2, Δt3) corresponding to the
measured time distance (Δt), and by translating
the selected time distance (Δt1, Δt2, Δt3) to cor-
responding first, second and third or more data
symbols (’0’, ’1’,’x’), the third data symbol being
a dummy data signal.

16. The method according to any of claims 11 to 15, the
at least one slave unit (115; 315; 415) furthermore
being communicatively coupled to a second bus
(140; 340; 440) by means of a galvanic decoupling
element (135, 319; 441), the method furthermore
comprising the step of:

- communicating data from one of the slave units
(115; 315; 415) via the second bus (140; 340;
440) to the main control unit (120; 320; 420).

Patentansprüche

1. System (113; 213; 313; 413) zum Ausgeben von
Strom- und Datensignalen von einer Hauptsteuer-
einheit (120; 220; 320; 420) an mindestens eine Sla-
ve-Einheit (115; 215; 315; 415) über einen ersten
Bus (130; 230; 330; 430);

- wobei die Hauptsteuereinheit einen ersten
Wechselstromsignalgenerator (114; 214; 314;
414) aufweist, der dazu eingerichtet ist, ein ers-
tes Wechselstromsignal zu erzeugen, das eine
Vielzahl von ersten Pulsen (P1) aufweist, um die
mindestens eine Slave-Einheit über den ersten
Bus mit Strom zu versorgen;
- wobei jede Slave-Einheit mittels einer ersten
Serienkondensatorvorrichtung (119; 219; 319;
419) mit dem ersten Bus wechselstromverbun-
den ist, wobei jede erste Serienkondensatorvor-
richtung dazu eingerichtet ist, die ersten Pulse
(P1), die an ihren Eingängen bereitgestellt sind,
an ihrem Ausgang in zweite Pulse (P2) umzu-
wandeln, wobei die zweiten Pulse mindestens
eine Flanke aufweisen, dadurch gekennzeich-
net, dass:
- die Hauptsteuereinheit dazu eingerichtet ist,
durch Modulation der Vielzahl von ersten Pulsen
(P1) Daten zu der mindestens einen Slave-Ein-
heit zu senden;
- die mindestens eine Slave-Einheit dazu einge-
richtet ist, die Daten zu empfangen, durch De-
modulation der Vielzahl von zweiten Pulsen (P2)
demoduliert werden, wie sie anhand von Fol-
gendem ausgewählt sind:

a) durch Ermitteln von Pulsamplituden zwi-
schen der mindestens einen von den emp-
fangenen Flanken oder Kanten, und
b) durch Ermitteln von Zeitdifferenzen zwi-
schen der mindestens einen von den emp-
fangenen Flanken oder Kanten, und
c) durch Zählen von Pulsen.

2. System nach Anspruch 1 wobei die mindestens eine
von den Flanken oder Kanten ansteigende oder ab-
fallende Kanten sind, und die Slave-Einheit dazu ein-
gerichtet ist, Zeitdifferenzen zwischen einem Emp-
fang der ansteigenden oder abfallenden Kanten un-
terschiedlicher Pulse zu ermitteln, oder
wobei die mindestens eine von den Kanten oder
Flanken ansteigende Kanten und abfallende Kanten
sind, und die Slave-Einheit dazu eingerichtet ist,
Zeitdifferenzen zwischen einem Empfang durch die
Slave-Einheit ansteigender Kanten und nachfolgen-
der Kanten eines Pulses zu ermitteln, oder
wobei das Modulieren und Demodulieren durch ei-
nes beliebigen von einer Pulspositionsmodulation
(PPM), einer Pulsbreitenmodulation (PWM), einer
PFM (Pulsfrequenzmodulation), einer Pulsintervall-
modulation (PIM) oder einer Pulszahlmodulation,
oder einer beliebigen Kombination davon durchge-
führt wird.

3. System (113; 213; 313; 413) nach Anspruch 1 oder
2, wobei:
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- die Hauptsteuereinheit (120; 220; 320; 420)
dazu eingerichtet ist, das erste Wechselstrom-
signal zu erzeugen, so dass die ersten Pulse
(P1) eine ansteigende oder abfallende Kante
aufweisen;
- die Hauptsteuereinheit dazu eingerichtet ist,
die Daten zu senden, indem die Zeitabstände
(Δt) zwischen den ansteigenden oder abfallen-
den Kanten aufeinanderfolgender erster Pulse
verändert werden;
- mindestens eine Slave-Einheit (115; 215; 315;
415) dazu eingerichtet ist, die Daten durch Er-
mitteln der Zeitabstände (Δt) zwischen den an-
steigenden oder abfallenden Kanten aufeinan-
derfolgender zweiter Pulse zu empfangen, und
die ermittelten Zeitabstände (Δt) in entsprechen-
de Datensymbole zu übersetzen.

4. System (113; 213; 313; 413) nach einem beliebigen
der vorhergehenden Ansprüche, wobei der erste
Wechselstromsignalgenerator (114; 214; 314; 414)
dazu eingerichtet ist, im Wesentlichen Rechteckpul-
se zu erzeugen.

5. System (113; 213; 313; 414) nach einem beliebigen
der Ansprüche 1-4, wobei die Hauptsteuereinheit
(120; 220; 320; 420) und die mindestens eine Slave-
Einheit (115; 215; 315; 415) dazu eingerichtet sind,
mindestens einen ersten und einen zweiten vorbe-
stimmten Zeitabstand (Δt1, Δt2) anzuwenden bzw.
zu erfassen, der einem ersten bzw. einem zweiten
Datensymbol (’0’, ’1’) entspricht.

6. System (113; 213; 313; 413) nach Anspruch 5, wobei
die Hauptsteuereinheit (120; 220; 320; 420) und die
mindestens eine Slave-Einheit (115; 215; 315; 415)
dazu eingerichtet sind, mindestens einen ersten, ei-
nen zweiten, einen dritten und einen vierten Zeitab-
stand (Δt1, Δt2, Δt3, Δt4) anzuwenden bzw. zu er-
fassen, der einem ersten bzw. zweiten, dritten und
vierten Datensymbol (’00’, ’01’, ’10’, ’11’) entspricht,
oder
wobei die Hauptsteuereinheit (120; 220; 320; 420)
und die mindestens eine Slave-Einheit (115; 215;
315; 415) dazu eingerichtet sind, eine Vielzahl von
Zeitabständen, die einer Vielzahl von Datensymbo-
len entsprechen, insbesondere mindestens einen
ersten, einen zweiten und einen dritten Zeitabstand
(Δt1, Δt2, Δt3) anzuwenden bzw. zu erfassen, die
einem ersten, bzw. einem zweiten und einem dritten
Datensymbol (’0’,’1’,’x’) entsprechen, wobei das drit-
te Datensymbol ein Dummy-Datensymbol ist.

7. System (113; 213; 313; 413) nach einem beliebigen
der vorhergehenden Ansprüche, wobei das System
ein wiederaufladbares Energiespeichersystem ist,
das eine Kette (111) von wiederaufladbaren Ener-
giespeichereinrichtungen (112) aufweist, die in Serie

verbunden sind, und wobei jede Slave-Einheit (115;
215; 315; 415) eine Ausgleichseinheit zum Laden
oder Entladen einer der wiederaufladbaren Energie-
speichereinrichtungen (112) ist.

8. System (113; 313; 413) nach einem beliebigen der
vorhergehenden Ansprüche, das außerdem einen
zweiten Bus (140; 340; 440) aufweist, der mittels ei-
nes galvanischen Entkopplungselements (135, 319;
441) zwischen der Hauptsteuereinheit (120; 320;
420) und der mindestens einen Slave-Einheit (115;
315; 415) geschaltet ist, um Daten von der mindes-
tens einen Slave-Einheit (115; 315; 415) zu der
Hauptsteuereinheit (120; 320; 420) zu übermitteln.

9. System (113; 313; 413) nach Anspruch 8, wobei die
mindestens eine Slave-Einheit (115, 315; 415) dazu
eingerichtet ist, Daten zu der Hauptsteuereinheit
(120; 320; 420) über den zweiten Bus (140; 340;
440) synchron mit dem ersten Wechselstromsignal
zu übertragen.

10. System (313, 413) nach Anspruch 8 oder 9, wobei:

- das galvanische Entkopplungselement eine
zweite Serienkondensatorvorrichtung (319,
441) ist;
- die mindestens eine Slave-Einheit dazu einge-
richtet ist, ein zweites Wechselstromsignal, das
eine Vielzahl von dritten Pulsen (P3) enthält, die
eine ansteigende oder eine abfallende Kante
aufweisen, an die zweite Serienkondensator-
vorrichtung auszugeben, wobei die Zeitabstän-
de (Δt) zwischen den ansteigenden oder abfal-
lenden Kanten von aufeinanderfolgenden drit-
ten Pulsen gemäß den Daten moduliert sind, die
von der Slave-Einheit zu der Hauptsteuereinheit
zu senden sind;
- die Hauptsteuereinheit (320; 420) ist dazu ein-
gerichtet, die Zeitabstände (Δt) zwischen den
ansteigenden oder abfallenden Kanten vierter
Pulse (P4) zu erfassen, die von einem Ausgang
der zweiten Serienkondensatorvorrichtungen
(319, 441) ausgehen, wenn die dritten Pulse an
ihrem Eingang angelegt sind.

11. Verfahren zum Ausgeben von Strom- und Datensig-
nalen von einer Hauptsteuereinheit (120; 220; 320;
420) an mindestens eine Slave-Einheit (115; 215;
315; 415) über einen ersten Bus (130; 230; 330;
430), wobei die mindestens eine Slave-Einheit mit-
tels einer oder mehrerer Serienkondensatorvorrich-
tungen (119; 219; 319; 419) mit dem ersten Bus
wechselstromverbunden ist, wobei das Verfahren
die Schritte aufweist:

- Ausgeben zusammengeführter Strom- und
Datensignale von der Hauptsteuereinheit (120;
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220; 320; 420) an die mindestens eine Slave-
Einheit (115; 215; 315; 415) durch Erzeugen ei-
nes ersten Wechselstromsignals, das eine Viel-
zahl von ersten Pulsen (P1) aufweist, wobei je-
der Puls mindestens eine Kante oder Flanke hat,
und durch Anlegen des ersten Wechselstromsi-
gnals an den ersten Bus (130; 230; 330; 430);
- Empfangen der ersten Pulse (P1) an dem Ein-
gang der einen oder der mehreren Serienkon-
densatorvorrichtungen (119; 219; 319; 419) und
Erzeugen zweiter Pulse (P2) am Ausgang der
einen oder der mehreren Serienkondensator-
vorrichtungen, gekennzeichnet durch:
- Senden der Daten von der Hauptsteuereinheit
(120; 220; 320; 420) zu der mindestens einen
Slave-Einheit (115; 215; 315; 415) durch Modu-
lation der Vielzahl von ersten Pulsen (P1);
- Empfangen der Daten in der mindestens einen
Slave-Einheit (115; 215; 315; 415) durch Demo-
dulieren der Vielzahl von zweiten Pulsen (P2),
die anhand von Folgendem ausgewählt sind:

a) durch Ermitteln von Pulsamplituden zwi-
schen der mindestens einen von den emp-
fangenen Kanten oder Flanken, und
b) durch Ermitteln von Zeitdifferenzen zwi-
schen der mindestens einen von den emp-
fangenen Kanten oder Flanken, und
c) durch Zählen von Pulsen.

12. Verfahren nach Anspruch 11, wobei die mindestens
eine von den Kanten oder Flanken ansteigende oder
abfallende Flanken sind, und die Slave-Einheit dazu
eingerichtet ist, Zeitdifferenzen zwischen einem
Empfang der ansteigenden oder abfallenden Kanten
unterschiedlicher Pulse zu ermitteln, oder
wobei die mindestens eine von den Kanten oder
Flanken ansteigende Kanten und abfallende kanten
sind, und die Slave-Einheit dazu eingerichtet ist,
Zeitdifferenzen zwischen einem Empfang durch die
Slave-Einheit von ansteigenden Flanken und abfal-
lenden Flanken eines Pulses zu ermitteln, oder das
Modulieren und Demodulieren durch eines beliebi-
gen von einer Pulspositionsmodulation (PPM), einer
Pulsbreitenmodulation (PWM), einer Pulsfrequenz-
modulation (PFM), einer Pulsintervallmodulation
(PIM) oder einer Pulszahlmodulation, oder einer be-
liebigen Kombination davon durchgeführt wird.

13. Verfahren nach Anspruch 11 oder 12, wobei:

- das erste Wechselstromsignal so erzeugt wird,
dass die ersten Pulse (P1) eine ansteigende
oder eine abfallende Kante aufweisen;
- die Modulation der ersten Pulse (P1) durch ein
Verändern der Zeitabstände (Δt) zwischen den
ansteigenden oder abfallenden Kanten aufein-
anderfolgender erster Pulse durchgeführt wird;

- die Demodulation der zweiten Pulse (P2) durch
Erfassen der Zeitabstände (Δt) zwischen den
ansteigenden oder abfallenden Kanten aufein-
anderfolgender zweiter Pulse, und durch Über-
setzen der ermittelten Zeitabstände (Δt) in ent-
sprechende Datensymbole durchgeführt wird.

14. Verfahren nach einem beliebigen der Ansprüche 11
bis 13, wobei

- der erste Wechselstromgenerator (114, 214;
314; 414) einen ersten bzw. zweiten vorbe-
stimmten Zeitabstand (Δt1, Δt2) anwendet, um
ein erstes bzw. zweites Datensymbol (’0’, ’1’) zu
senden;

und wobei die mindestens eine Slave-Einheit (115;
215; 315; 415) die zweiten Pulse durch Messen der
Zeitabstände (Δt) zwischen den ansteigenden oder
abfallenden Kanten aufeinanderfolgender zweiter
Pulse (P2) und durch Auswählen eines der beiden
vordefinierten Zeitabstände (Δt1, Δt2), der dem ge-
messenen Zeitabstand (Δt) entspricht, und durch
Übersetzen der ausgewählten Zeitabstände (Δt1,
Δt2) in entsprechende erste und zweite Datensym-
bole (’0’, ’1’) demoduliert.

15. Verfahren nach Anspruch 14, wobei

- der erste Wechselstromgenerator (114, 214;
314; 414) einen ersten, bzw. zweiten und dritten
oder weiteren vorbestimmten Zeitabstand (Δt1,
Δt2, Δt3) anwendet, um ein erstes, bzw. zweites
und drittes oder weiteres Datensymbol (’0’, ’1’,
’x’) zu senden, wobei das dritte Datensymbol ein
Dummy-Datensignal ist;

und wobei die mindestens eine Slave-Einheit (115;
215; 315; 415) die zweiten Pulse (P2) durch Messen
der Zeitabstände (Δt) zwischen den ansteigenden
oder abfallenden Kanten aufeinanderfolgender
zweiter Pulse und durch Auswählen eines von dem
ersten, zweiten und dritten oder weiteren vordefinier-
ten Zeitabständen (Δt1, Δt2, Δt3), der dem gemes-
senen Zeitabstand (Δt) entspricht, und durch Über-
setzen des ausgewählten Zeitabstands (Δt1, Δt2,
Δt3) in ein entsprechendes erstes, zweites und drit-
tes oder weiteres Datensymbol (’0’, ’1’, ’x’) demodu-
liert, wobei das dritte Datensymbol ein Dummy-Da-
tensignal ist.

16. Verfahren nach einem beliebigen der Ansprüche 11
bis 15, wobei die mindestens eine Slave-Einheit
(115; 315; 415) darüber hinaus mittels eines galva-
nischen Entkopplungselements (135, 319; 441) mit
einem zweiten Bus (140; 340; 440) kommunikativ
verbunden ist, wobei das Verfahren außerdem den
Schritt umfasst:

35 36 



EP 3 061 197 B1

20

5

10

15

20

25

30

35

40

45

50

55

- Übermitteln von Daten von einer der Slave-
Einheiten (115; 315; 415) über den zweiten Bus
(140; 340; 440) zu der Hauptsteuereinheit (120;
320; 420).

Revendications

1. Système (113 ; 213 ; 313 ; 413) pour fournir des si-
gnaux de puissance et de données en provenance
d’une unité de commande principale (120 ; 220 ;
320 ; 420) à au moins une unité esclave (115 ; 215 ;
315 ; 415) par l’intermédiaire d’un premier bus (130 ;
230 ; 330 ; 430) ;

- l’unité de commande principale comprenant un
premier générateur de signal CA (114; 214; 314;
414) conçu pour fournir un premier signal CA
comprenant une pluralité de premières impul-
sions (P1) pour fournir de la puissance à l’au
moins une unité esclave par l’intermédiaire du
premier bus ;
- chaque unité esclave étant couplée par CA au
premier bus au moyen d’un premier dispositif
condensateur en série (119 ; 219 ; 319 ; 419),
chaque premier dispositif condensateur en série
étant agencé pour transformer les premières im-
pulsions (P1) fournies au niveau de ses entrées
en deuxièmes impulsions (P2) au niveau de sa
sortie, les deuxièmes impulsions ayant au moins
un flanc ou un front caractérisé en ce que :
- l’unité de commande principale est conçue
pour envoyer des données à l’au moins une uni-
té esclave en modulant la pluralité de premières
impulsions (P1) ;
- l’au moins une unité esclave est conçue pour
recevoir les données en démodulant la pluralité
de deuxièmes impulsions (P2) par sélection
parmi :

a) la détermination d’amplitudes d’impul-
sion entre les au moins uns flancs ou fronts
reçus, et
b) la détermination de différences tempo-
relles entre les au moins uns flancs ou fronts
reçus, et
c) le comptage d’impulsions.

2. Système selon la revendication 1, dans lequel les
au moins uns flancs ou fronts sont des fronts de mon-
tée ou de descente, et l’unité esclave est conçue
pour déterminer des différences temporelles entre
la réception des fronts de montée ou de descente
d’impulsions différentes, ou
dans lequel les au moins uns flancs ou fronts sont
des fronts de montée et des fronts de descente et
l’unité esclave est conçue pour déterminer des dif-
férences temporelles entre la réception par l’unité

esclave de fronts de montée et de fronts de descente
d’une impulsion, ou
dans lequel la modulation et la démodulation s’ef-
fectuent par n’importe laquelle ou n’importe quelle
combinaison d’une modulation de position d’impul-
sion (PPM), d’une modulation de largeur d’impulsion
(PWM), d’une modulation de fréquence d’impulsion
(PFM), d’une modulation d’intervalle d’impulsion
(PIM), ou d’une Modulation de Comptage d’Impul-
sion.

3. Système (113 ; 213 ; 313 ; 413) selon la revendica-
tion 1 ou 2, dans lequel :

- l’unité de commande principale (120 ; 220 ;
320 ; 420) est conçue pour fournir le premier
signal CA de sorte que les premières impulsions
(P1) ont un front de montée ou de descente ;
- l’unité de commande principale est conçue
pour envoyer les données en changeant les dis-
tances temporelles (Δt) entre les fronts de mon-
tée ou de descente de premières impulsions
consécutives ;
- au moins une unité esclave (115 ; 215 ; 315 ;
415) est conçue pour recevoir les données en
déterminant les distances temporelles (Δt) entre
les fronts de montée ou de descente de deuxiè-
mes impulsions consécutives, et pour traduire
les distances temporelles déterminées (Δt) en
symboles de données correspondants.

4. Système (113 ; 213 ; 313 ; 413) selon l’une quelcon-
que des revendications précédentes, dans lequel le
premier générateur de signal CA (114 ; 214 ; 314 ;
414) est conçu pour générer des impulsions sensi-
blement rectangulaires.

5. Système (113 ; 213 ; 313 ; 414) selon l’une quelcon-
que des revendications 1 à 4, dans lequel l’unité de
commande principale (120 ; 220 ; 320 ; 420) et l’au
moins une unité esclave (115 ; 215 ; 315 ; 415) sont
conçues pour appliquer respectivement détecter au
moins une première et une deuxième distance tem-
porelle prédéterminée (Δt1, Δt2) correspondant à un
premier respectivement un deuxième symbole de
données (’0’, ’1’).

6. Système (113 ; 213 ; 313 ; 413) selon la revendica-
tion 5, dans lequel l’unité de commande principale
(120 ; 220 ; 320 ; 420) et l’au moins une unité esclave
(115 ; 215 ; 315 ; 415) sont conçues pour appliquer
respectivement détecter au moins une première,
une deuxième, une troisième et une quatrième dis-
tance temporelle (Δt1, Δt2, Δt3, Δt4), correspondant
à un premier, respectivement deuxième, troisième
et quatrième symbole de données (’00’, ’01’, ’10’,
’11’), ou
dans lequel l’unité de commande principale (120 ;
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220 ; 320 ; 420) et l’au moins une unité esclave (115 ;
215 ; 315 ; 415) sont conçues pour appliquer res-
pectivement détecter une pluralité de distances tem-
porelles correspondant à une pluralité de symboles
de données, en particulier au moins une première,
une deuxième et une troisième distance temporelle
(Δt1, Δt2, Δt3) correspondant à un premier, respec-
tivement un deuxième et un troisième symbole de
données (’0’, ’1’, ’x’), le troisième symbole de don-
nées étant un symbole de données factice.

7. Système (113 ; 213 ; 313 ; 413) selon l’une quelcon-
que des revendications précédentes, dans lequel le
système est un système de stockage d’énergie re-
chargeable comprenant une chaîne (111) de dispo-
sitifs de stockage d’énergie rechargeables (112)
couplés en série, et chaque unité esclave (115 ;
215 ; 315 ; 415) est une unité d’équilibrage pour
charger ou décharger l’un des dispositifs de stocka-
ge d’énergie rechargeables (112).

8. Système (113 ; 313 ; 413) selon l’une quelconque
des revendications précédentes, comprenant en
outre un second bus (140 ; 340 ; 440), relié entre
l’unité de commande principale (120 ; 320 ; 420) et
l’au moins une unité esclave (115 ; 315 ; 415) au
moyen d’un élément de découplage galvanique
(135, 319 ; 441) pour communiquer des données
provenant de l’au moins une unité esclave (115 ;
315 ; 415) à l’unité de commande principale (120 ;
320 ; 420).

9. Système (113 ; 313 ; 413) selon la revendication 8,
dans lequel l’au moins une unité esclave (115, 315 ;
415) est conçue pour envoyer des données à l’unité
de commande principale (120 ; 320 ; 420) sur le se-
cond bus (140 ; 340 ; 440) de manière synchrone
avec le premier signal CA.

10. Système (313, 413) selon la revendication 8 ou 9,
dans lequel :

- l’élément de découplage galvanique est un se-
cond dispositif condensateur en série (319,
441) ;
- l’au moins une unité esclave est conçue pour
fournir un second signal CA comprenant une
pluralité de troisièmes impulsions (P3) ayant un
front de montée ou de descente au second dis-
positif condensateur en série, les distances tem-
porelles (Δt) entre les fronts de montée ou de
descente de troisièmes impulsions consécuti-
ves étant modulées selon les données à en-
voyer depuis l’unité esclave à l’unité de com-
mande principale ;
- l’unité de commande principale (320 ; 420) est
conçue pour détecter les distances temporelles
(Δt) entre les fronts de montée ou de descente

de quatrièmes impulsions (P4) trouvant leur ori-
gine au niveau d’une sortie des seconds dispo-
sitifs condensateur en série (319, 441) quand
les troisièmes impulsions sont appliquées à son
entrée.

11. Procédé pour fournir des signaux de puissance et
de données provenant d’une unité de commande
principale (120 ; 220 ; 320 ; 420) à au moins une
unité esclave (115 ; 215 ; 315 ; 415) par l’intermé-
diaire d’un premier bus (130 ; 230 ; 330 ; 430), l’au
moins une unité esclave étant couplée par CA au
premier bus au moyen d’un ou plusieurs dispositifs
condensateur en série (119 ; 219 ; 319 ; 419), le pro-
cédé comprenant les étapes de :

- fourniture de signaux de puissance et de don-
nées combinés en provenance de l’unité de
commande principale (120 ; 220 ; 320 ; 420) à
l’au moins une unité esclave (115 ; 215 ; 315 ;
415) en générant un premier signal CA compre-
nant une pluralité de premières impulsions (P1),
chaque impulsion ayant au moins un flanc ou
front, et en appliquant le premier signal CA au
premier bus (130 ; 230 ; 330 ; 430) ;
- réception des premières impulsions (P1) au
niveau de l’entrée du ou des plusieurs dispositifs
condensateur en série (119 ; 219 ; 319 ; 419),
et fourniture de deuxièmes impulsions (P2) au
niveau de la sortie du ou des plusieurs dispositifs
condensateur en série, caractérisé par
- l’envoi des données provenant de l’unité de
commande principale (120 ; 220 ; 320 ; 420) à
l’au moins une unité esclave (115 ; 215 ; 315 ;
415) en modulant la pluralité de premières im-
pulsions (P1) ;
- la réception des données dans l’au moins une
unité esclave (115 ; 215 ; 315 ; 415) en démo-
dulant la pluralité de deuxièmes impulsions
(P2), par sélection parmi :

a) la détermination des amplitudes d’impul-
sion entre les au moins uns flancs ou front
reçus, et
b) la détermination des différences tempo-
relles entre les au moins uns flancs ou fronts
reçus, et
c) le comptage des impulsions.

12. Procédé selon la revendication 11, dans lequel les
au moins uns flancs ou fronts sont des fronts de mon-
tée ou de descente et l’unité esclave est conçue pour
déterminer des différences temporelles entre la ré-
ception des fronts de montée ou de descente d’im-
pulsions différentes, ou
dans lequel les au moins uns flancs ou fronts sont
des fronts de montée et des fronts de descente et
l’unité esclave est conçue pour déterminer des dif-
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férences temporelles entre la réception par l’unité
esclave de fronts de montée et de fronts de descente
d’une impulsion, ou
la modulation et la démodulation s’effectuant par
n’importe laquelle, ou n’importe quelle combinaison
d’une modulation de position d’impulsion (PPM),
d’une modulation de largeur d’impulsion (PWM),
d’une modulation de fréquence d’impulsion (PFM),
d’une modulation d’intervalle d’impulsion (PIM), ou
d’une Modulation de Comptage d’Impulsion.

13. Procédé selon la revendication 11 ou 12, dans
lequel :

- le premier signal CA est généré de sorte que
les premières impulsions (P1) ont un front de
montée ou de descente ;
- la modulation des premières impulsions (P1)
est effectuée en changeant les distances tem-
porelles (Δt) entre les fronts de montée ou de
descente de premières impulsions
consécutives ;
- la démodulation des deuxièmes impulsions
(P2) est effectuée en détectant les distances
temporelles (Δt) entre les fronts de montée ou
de descente de deuxièmes impulsions consé-
cutives, et en traduisant les distances temporel-
les déterminées (Δt) en symboles de données
correspondants.

14. Procédé selon l’une quelconque des revendications
11 à 13, dans lequel

- le premier générateur CA (114, 214 ; 314 ; 414)
applique une première respectivement une
deuxième distance temporelle prédéterminée
(Δt1, Δt2) pour transmettre un premier respecti-
vement un deuxième symbole de données (’0’,
’1’) ;

et dans lequel l’au moins une unité esclave (115 ;
215 ; 315 ; 415) démodule les deuxièmes impulsions
en mesurant les distances temporelles (Δt) entre les
fronts de montée ou de descente de deuxièmes im-
pulsions consécutives (P2), et en sélectionnant une
des deux distances temporelles prédéfinies (Δt1,
Δt2) correspondant à la distance temporelle mesu-
rée (Δt) et en traduisant les distances temporelles
sélectionnées (Δt1, Δt2) en premier et deuxième
symboles de données correspondants (’0’, ’1’).

15. Procédé selon la revendication 14, dans lequel

- le premier générateur AC (114, 214 ; 314 ; 414)
applique une première, respectivement une
deuxième et une troisième ou plus distance tem-
porelle prédéterminée (Δt1, Δt2, Δt3) pour trans-
mettre un premier, respectivement un deuxième

et un troisième ou plus symboles de données
(’0’, ’1’, ’x’), le troisième symbole de données
étant un signal de données factice ;

et dans lequel l’au moins une unité esclave (115 ;
215 ; 315 ; 415) démodule les deuxièmes impulsions
(P2) en mesurant les distances temporelles (Δt) en-
tre les fronts de montée ou de descente de deuxiè-
mes impulsions consécutives, et en sélectionnant
une des première, deuxième et troisième ou plus
distances temporelles prédéfinies (Δt1, Δt2, Δt3) cor-
respondant à la distance temporelle mesurée (Δt),
et en traduisant la distance temporelle sélectionnée
(Δt1, Δt2, Δt3) en premier, deuxième et troisième ou
plus symboles de données correspondants (’0’, ’1’,
’x’), le troisième symbole de données étant un signal
de données factice.

16. Procédé selon l’une quelconque des revendications
11 à 15, l’au moins une unité esclave (115 ; 315 ;
415) étant en outre reliée par communication à un
second bus (140 ; 340 ; 440) au moyen d’un élément
de découplage galvanique (135, 319 ; 441), le pro-
cédé comprenant en outre l’étape de :

- communication de données provenant d’une
des unités esclaves (115 ; 315 ; 415) par l’inter-
médiaire du second bus (140 ; 340 ; 440) à l’uni-
té de commande principale (120 ; 320 ; 420).
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