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METHOD AND DEVICE FOR WIRELESS
TRANSMISSION OF ACOUSTIC CARDIAC
SIGNALS

[0001] This application claims the benefit of DE 10 2014
209 806.8, filed on May 22, 2014, which is hereby incorpo-
rated by reference in its entirety.

BACKGROUND

[0002] The present embodiments relate to wireless trans-
mission of acoustic cardiac signals during a medical imaging
examination.

[0003] A medical imaging session (e.g., a magnetic reso-
nance imaging session) may include a plurality of transmit/
receive cycles that are combined to produce an image using a
postprocessing operation. In the case of regions of a patient’s
body that move due, for example, to the patient’s heartbeat,
the image acquisition for the individual cycles is to take place
in the same phase of the movement. Trigger signals for the
magnetic resonance imaging are derived from the bodily
movement. The trigger signals specify a trigger time instant
for initiating the image acquisition. In order to acquire image
data of a cardiac region of the patient, the acquisition of the
image data by the medical imaging device is to be synchro-
nized to the R wave of an ECG signal of the patient in order to
provide that the image data acquired at different times always
relate to the same cardiac phase.

[0004] ECG signals are frequently subject to noise interfer-
ence dueto injections of gradients. For this reason, the cardiac
soundis alternatively acquired also by an optical microphone.
However, using wireless and/or battery-powered optical
microphones (e.g., rechargeable) gives rise to the problem
that devices of the type consume up to four times more elec-
trical power than existing prior art ECG devices. Wireless
optical microphones are therefore limited in most cases to an
operating time of a few hours (e.g., three hours), and such
devices must first be recharged before such devices may be
used again.

SUMMARY AND DESCRIPTION

[0005] The scope of the present invention is defined solely
by the appended claims and is not affected to any degree by
the statements within this summary.

[0006] The present embodiments may obviate one or more
of the drawbacks or limitations in the related art. For example,
a method and device that enable a power-saving, wireless
transmission of acoustic cardiac signals during a medical
imaging examination are provided.

[0007] Inoneembodiment, a method for wireless transmis-
sion of acoustic cardiac signals during a medical imaging
examination is provided. The acoustic cardiac signals are
acquired at a sampling frequency by an optical microphone,
and the sampling frequency spans one period duration. The
wireless transmission of the acoustic cardiac signals is real-
ized by a transmission device that has a control unit and a
transmission unit. The transmission unit includes a signal
modulation unit having a transmit diode and a receive diode.
The method includes activating the transmit diode by the
control unit for a time interval including the activation time.
The activation time is less than a period duration. The method
includes emitting a signal by the transmit diode during the
activation time. The emitted signal is optically modulated
based on the acoustic cardiac signals. The method also
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includes acquiring the modulated signals by the receive diode
during the activation time, and wirelessly transmitting the
signals.

[0008] One or more of the present embodiments advanta-
geously enable a transmission time of the transmit diode to be
significantly shortened and consequently the energy con-
sumption of the transmission device to be reduced. If, for
example, the activation time amounts to 50% of the period
duration, the energy consumption of the transmit diode may
be reduced by 50%. Owing to the reduced energy consump-
tion of the transmission device, an operating time of the
transmission device may be significantly increased, to the
effect that, for example, the operating time of the transmis-
sion device may be extended to a whole day without inter-
ruption. In one embodiment, the transmit diode includes an
infrared light-emitting diode (IR LED) having a power con-
sumption of approximately 100 mA.

[0009] A control unit may be, for example, a unit having a
processor. The control unit also includes control software
and/or control programs that are stored in a memory unit and
are executed by the processor unit for the purpose of control-
ling the individual units of the transmission device. In addi-
tion, the control unit may also include the memory unit. A
signal modulation unit may be understood, for example, a unit
that generates an electrical signal from an optical signal (e.g.,
from the optically acquired acoustic cardiac signal). IA signal
(e.g., aninfrared signal) is emitted by the transmit diode (e.g.,
an IR LED). The signal is modulated (e.g., overlaid) by the
optically acquired acoustic cardiac signals. The modulated
signal is subsequently received by the receive diode (e.g., an
infrared photodiode), and an electrical signal is generated by
the receive diode based on the received signal and output. The
optical microphone may include a rechargeable battery-pow-
ered and/or disposable battery-powered optical microphone.
[0010] The period duration corresponds, for example, to a
reciprocal value of the sampling frequency of the heart rate of
a patient. The sampling frequency is equal to approximately
10 times the heart rate to provide that an adequate signal
quality may be achieved by the sampling, Given a heart rate of
approximately 35 Hz to 40 Hz, the sampling rate may amount
to approximately 400 Hz. The duration of a corresponding
period accordingly amounts to approximately 2500 ms. The
transmit diode may be activated exclusively during the acti-
vation time and is in a passive and/or inactive operating state
outside of the activation time.

[0011] A particularly power-saving transmission device
may be realized if the activation time amounts at a maximum
to 10% of the period duration. As a result hereof, a power
saving of the transmission device amounts to at least 90%
compared to a continuous activation of the transmit diode. In
one embodiment, the activation time amounts at a maxinmum
to 5% of the period duration or to a maximum of 3% of the
period duration. In one embodiment, however, the activation
time amounts to approximately 2% of the period duration. A
power saving may therefore amount to at least 95% to 98%
compared to a continuous activation of the transmit diode.
Given a continuous rated current of approximately 100 mA
for the transmit diode (e.g., for the IR LED), this therefore
results in an average power consumption of approximately 2
mA to 5 mA.

[0012] In an advantageous development, after the activa-
tion time has elapsed, the transmit diode is switched into a
passive and/or an inactive operating state. As a result hereof,
the transmit diode may be available for a signal modulation
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exclusively during the activation time interval, and conse-
quently, an operating time of the transmit diode during a
sampling cycle may be significantly reduced. A passive and/
or an inactive operating state of the transmit diode may be, for
example, an operating state of the transmit diode in which the
transmit diode emits no signal and is in a power-saving opet-
ating state.

[0013] Theactivation time may include a switching time. A
sample-and-hold circuit of the transmission unit is activated
for the switching time within the activation time. As a result
hereof, a latest signal that is acquired by the receive diode
may be stored for a signal processing operation arranged
downstream of the sample-and-hold circuit. In addition, an
undesirable overwriting of the stored signal value may be
prevented, and the stored signal value may accordingly be
available for an acquisition cycle. The sample-and-hold cit-
cuit may store the last signal value acquired and forwarded by
the receive diode when the circuit is in a deactivated state. A
current/voltage converter unit may be arranged between the
receive diode and the sample-and-hold circuit so that a cur-
rent signal acquired by the receive diode is converted into a
voltage signal that is present at an input of the sample-and-
hold circuit. In one embodiment, the activation time includes
a delay time that precedes the switching time of the sample-
and-hold circuit.

[0014] Ina further embodiment, a signal processing opera-
tion is carried out by a signal processing unit of the transmis-
sion unit during a processing time that corresponds to a dif-
ference between the period duration and the activation time
and directly follows on from the activation time. This enables
a sufficiently large time interval to be available to the signal
processing unit in order, for example, for a filter unit, such as
a bandpass filter unit, of the signal processing unit to become
tuned to the new signal value stored within the sample-and-
hold circuit. The signal processing unit may include a filter
unit, an amplifier unit, and an ADC unit. For example, signal
components that lie outside the frequency range of the cardiac
sound are filtered out by the filter unit. In this case, for
example, signals having a frequency of less than 20 Hz or less
than 25 Hz, originating, for example, from a respiration of the
patient, are filtered out. Signals having a frequency of greater
than 45 Hz, greater than 40 Hz, or greater than 35 Hz, which
include, for example, noise signals from the microphone and/
or higher-frequency gradient noises, may be filtered out in the
process. Alternatively or in addition, alias effects in the sig-
nals may also be filtered out by the filter unit. The signal
processing unit may be connected upstream of a wireless
signal transmission so that a digital signal is present using the
ADC unit for the wireless transmission.

[0015] In one embodiment, a transmission device having a
control unit and a transmission unit is provided. The trans-
mission unit includes a signal modulation unit having a trans-
mit diode and a receive diode. The transmission device is
configured for performing a method for wireless transmission
of acoustic cardiac signals during a medical imaging exami-
nation. The acoustic cardiac signals are acquired at a sam-
pling frequency by an optical microphone, and the sampling
frequency spans one period duration. The method includes
activating the transmit diode using the control unit for a time
interval including an activation time. The activation time is
less than the period duration. The method also includes emit-
ting a signal using the transmit diode during the activation
time. The emitted signal is optically modulated based on the
acoustic cardiac signals. The method includes acquiring the
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modulated signals using the receive diode during the activa-
tion time, and wirelessly transmitting the signals.

[0016] By virtue of one or more of the present embodi-
ments, a transmit time of the transmit diode may be signifi-
cantly shortened, and consequently, the energy consumption
of the transmission device may be reduced. Owing to the
reduced energy consumption of the transmission device, an
operating time of the transmission device may be signifi-
cantly increased, to the effect that the operating time of the
transmission device may be extended to a whole day without
interruption.

[0017] The advantages of the transmission device accord-
ing to one or more of the present embodiments essentially
correspond to the advantages of the method according to one
or more of the present embodiments for wireless transmission
of acoustic cardiac signals, which have been explained in
detail in the foregoing. Features, advantages or alternative
variants cited in this connection may also be applied analo-
gously to the other claimed subject matters, and vice versa.
[0018] In one embodiment, the control unit is configured
for switching the transmit diode into a passive and/or an
inactive operating state after the activation time has elapsed.
As a result hereof, the transmit diode (e.g., the IR LED) may
be available for a signal modulation exclusively during the
activation time interval, and consequently, an operating time
of the transmit diode during a sampling cycle may be signifi-
cantly reduced. In addition, the power consumption of the
transmission unit may be significantly reduced in this way.
[0019] A particularly power-saving transmission device
may be realized if the activation time amounts at a maximum
to 10% of the period duration. As a result hereof, a power
saving of the transmission device amounts to at least 90%
compared to a continuous activation of the transmit diode. In
one embodiment, the activation time amounts at a maxinmum
to 5% of the period duration or at a maximum to 3% of the
period duration. In one embodiment, the activation time
amounts to approximately 2% ofthe period duration. A power
saving may therefore amount to at least 95% to 98% com-
pared to a continuous activation of the transmit diode.
[0020] According to another embodiment, the transmission
unit has a signal processing unit having a sample-and-hold
circuit that is activated by the control unit during a time
interval. The time interval is included within the activation
time. As a result hereof, a latest signal that is acquired by the
receive diode may be stored for a signal processing operation
arranged downstream of the sample-and-hold circuit. In addi-
tion, an undesirable overwriting of the stored signal value
may be prevented, and the stored signal value may accord-
ingly be available for an acquisition cycle.

[0021] The signal processing unit may include a filter unit
and an amplifier unit that are arranged such that the filter unit
and the amplifier unit are connected downstream of the
sample-and-hold circuit. By this, an advantageous signal fil-
tering and/or signal amplification prior to a wireless signal
transmission may be carried out. For example, signal compo-
nents that lie outside the frequency range of the cardiac sound
are filtered out by the filter unit. For example, signals having
frequencies of less than 20 Hz, originating, for example, from
arespiration of the patient, and/or signals having a frequency
of greater than 45 Hz or greater than 40 Hz that are, for
example, noise signals from the microphone, are filtered out
in the process.

[0022] Inoneembodiment, the transmission unitincludes a
signal processing unit having an ADC unit, to the effect that
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the signal processing unit advantageously provides digital
signals for the wireless signal transmission.

[0023] One or more of the present embodiments relate to a
motion detection unit for detecting a cardiac motion during a
medical imaging examination. The motion detection unit
includes an optical microphone and a transmission device.
The transmission device includes a control unit and a trans-
mission unit. The transmission unit includes a signal modu-
lation unit having a transmit diode and a receive diode. The
transmission device is configured for performing a method
for wireless transmission of acoustic cardiac signals. The
acoustic cardiac signals are acquired at a sampling frequency
by an optical microphone, and the sampling frequency spans
one period duration. The method includes activating the
transmit diode using the control unit for a time interval
including an activation time. The activation time is less than
the period duration. The method includes emitting a signal
using the transmit diode during the activation time. The emit-
ted signal is optically modulated based on the acoustic car-
diac signals. The method includes acquiring the modulated
signals using the receive diode during the activation time, and
wirelessly transmitting the signals.

[0024] By virtue of one or more of the present embodi-
ments, a transmit time of the transmit diode may be signifi-
cantly shortened, and consequently, the energy consumption
of the transmission device may be reduced, to the effect that
the transmission device is available together with the medical
imaging device in a functionally ready state for a long exami-
nation period (e.g., one day) without, for example, a recharg-
ing operation. The advantages of the motion detection unit
according to one or more of the present embodiments essen-
tially correspond to the advantages of the method according
to one or more of the present embodiments for wireless trans-
mission of acoustic cardiac signals, which have been
explained in detail in the foregoing. Features, advantages or
alternative variants cited in this connection may also be
applied analogously to the other subject matters, and vice
versa.

[0025] One or more of the present embodiments also relate
to a medical imaging device having a motion detection unit
for detecting a cardiac motion using an optical microphone
and a transmission device. The transmission device includes
a control unit and a transmission unit. The transmission unit
includes a signal modulation unit having a transmit diode and
areceive diode. The transmission device is configured for the
purpose of performing a method for wireless transmission of
acoustic cardiac signals. The acoustic cardiac signals are
acquired at a sampling frequency using an optical micro-
phone, and the sampling frequency spans one period dura-
tion. The method includes activating the transmit diode using
the control unit for a time interval including an activation
time. The activation time is less than the period duration. The
method includes emitting a signal using the transmit diode
during the activation time. The emitted signal is optically
modulated based on the acoustic cardiac signals. The method
includes acquiring the modulated signals using the receive
diode during the activation time, and wirelessly transmitting
the signals.

[0026] By virtue of the embodiment according to one or
more of the present embodiments, a transmit time of the
transmit diode may advantageously be significantly short-
ened, and consequently, the energy consumption of the trans-
mission device may be reduced, to the effect that the trans-
mission device is available together with the medical imaging
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device in a functionally ready state and/or ready for operation
for a long examination duration (e.g., one day) without addi-
tional charging operations. The advantages of the medical
imaging device according to one or more of the present
embodiments essentially correspond to the advantages of the
method according to one or more of the present embodiments
and the device according to one or more of the present
embodiments for wireless transmission of acoustic cardiac
signals, which have been explained in detail in the foregoing.
Features, advantages or alternative variants cited in this con-
nection may also be applied analogously to the other subject
matters, and vice versa.

[0027] Cardiac imaging may be carried out on the patient
using the medical imaging device. A cardiac motion is
detected during a cardiac imaging session. The medical imag-
ing device may include, for example, a magnetic resonance
device, a computed tomography device, an AX-arm, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 shows one embodiment of a medical imaging
device having a motion detection unit in a schematic repre-
sentation;

[0029] FIG. 2 shows one embodiment of a motion detection
unit in a schematic representation;

[0030] FIG. 3 shows one embodiment of a method for wire-
less transmission of acoustic cardiac signals; and

[0031] FIG. 4 shows an exemplary timing diagram of a
process flow of the method.

DETAILED DESCRIPTION

[0032] FIG. 1 shows one embodiment of a medical imaging
device 10 in a schematic representation. In the present exem-
plary embodiment, the medical imaging device 10 is formed
by a magnetic resonance device. In an alternative embodi-
ment of the medical imaging device 10, the medical imaging
device 10 may also be realized by a computed tomography
device and/or a positron emission tomography (PET) device
and/or other medical imaging devices 10 deemed beneficial
by the person skilled in the art.

[0033] The magnetic resonance device includes a detector
unit 11 that has a magnet unit 12 having a superconducting
main magnet 13 for generating a strong and, for example,
constant main magnetic field 14. The magnetic resonance
device also includes a patient receiving zone 15 for accom-
modating a patient 16. In the present exemplary embodiment,
the patient receiving zone 15 is embodied in a cylinder shape
and is cylindrically enclosed by the magnet unit 12 in a
circumferential direction. An alternative embodiment of the
patient receiving zone 15 thereto may also be provided. The
patient 16 may be introduced into the patient receiving zone
15 by a patient support device 17 of the magnetic resonance
device.

[0034] Themagnetunit 12 also includes a gradient coil unit
18 for generating magnetic field gradients that are used for
spatial encoding during an imaging session. The gradient coil
unit 18 is controlled by a gradient control unit 19 of the
magnetic resonance device. The magnet unit 12 also includes
a radiofrequency unit 20 and a radiofrequency antenna con-
trol unit 21 for exciting a polarization that becomes estab-
lished in the main magnetic field 14 generated by the main
magnet 13. The radiofrequency unit 20 is controlled by the
radiofrequency antenna control unit 21 and radiates radiofre-
quency magnetic resonance sequences into an examination
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space that is substantially formed by the patient receiving
zone 15 of the magnetic resonance device.

[0035] Inorder to control the main magnet 13, the gradient
control unit 19, and the radiofrequency antenna control umt
21, the magnetic resonance device includes a system control
unit 22 formed by a computing unit. The system control unit
22 is responsible for the centralized control of the magnetic
resonance device, such as performing a predetermined imag-
ing gradient echo sequence, for example. In addition, the
system control unit 22 includes an evaluation unit (e.g., a
processor; not shown in any further detail) for evaluating
image data. Control information such as imaging parameters,
for example, as well as reconstructed magnetic resonance
images may be displayed for an operator on a display unit 23,
for example, on at least one monitor of the magnetic reso-
nance device. The magnetic resonance device also includes
an input unit 24 by which information and/or parameters may
be entered by an operator during a measurement process.
[0036] The magnetic resonance device includes a motion
detection unit 30 for the purpose of detecting a cardiac motion
of the patient 16. The motion detection unit 30 includes an
optical microphone 31 for acquiring acoustic cardiac signals
of the patient 16 and a transmission device 32 for wirelessly
transmitting the acoustic cardiac signals acquired by the opti-
cal microphone 31. A cardiac motion during the medical
imaging examination of the patient 16 is detected by the
acoustic cardiac signals of the patient 16. In this way, trigger
signals for initiating the imaging are generated by the motion
detection unit 30 and/or the system control unit 22, thus
providing that the acquired image data relates to an identical
cardiac phase at all times.

[0037] In this case, the acoustic cardiac signals of the
patient 16 are acquired at a sampling frequency by the optical
microphone 31, where the sampling frequency spans one
period duration T,,,. The sampling frequency amounts to
approximately 400 Hz in order to provide that an adequate
signal quality is obtained for the acquired acoustic cardiac
signals. The resulting period duration T, of the sampling of
the cardiac sound by the optical microphone 31 amounts to
approximately 2500 us. The frequencies of the cardiac sound
lie in a range between approximately 25 Hz and approxi-
mately 35 Hz, up to a maximum of 40 Hz. The optical micro-
phone 31 may include a rechargeable battery-powered and/or
disposable battery-powered optical microphone 31.

[0038] FIG. 2 shows one embodiment of the motion detec-
tion unit 30 in a schematic representation. The transmission
device 32 of the motion detection unit 30 includes a control
unit 33 (e.g., a controller) and a transmission unit 34. The
control unit 33 is configured for controlling the transmission
unit 34 of the transmission device 32. For this purpose, the
control unit 33 includes a processor and corresponding con-
trol software and/or control computer programs that are
stored in a memory unit and are executed in order to control
the individual units of the transmission device 34 by the
processor unit (e.g., the processor). The control unit 33 may
also include the memory unit.

[0039] The transmission unit 34 of the transmission device
32 includes a signal modulation unit 35 and a signal process-
ing unit 36. The signal modulation unit 36 includes a transmit
diode 37 and a receive diode 38. The transmit diode 37
includes an infrared LED (IR LED) that emits a signal (e.g.,
an IR signal). The IR LED may include a continuous rated
current of approximately 100 mA. The receive diode 38
includes an IR photodiode that is configured for acquiring the
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signals (e.g., IR signals) emitted by the transmit diode 37.
After the IR signals have been emitted by the IR LED, the IR
signals are optically modulated by the acoustic cardiac sig-
nals and subsequently received by the IR photodiode. The
acoustic cardiac signals optically overlay the emitted IR sig-
nals. The modulated IR signals are acquired by the receive
diode 38 (e.g., the IR photodiode) and converted into electri-
cal signals (e.g., into analog electrical signals).

[0040] The signal processing unit 36 is arranged connected
downstream of the signal modulation unit 35 inside the trans-
mission unit 34. The signal processing unit 36 includes a
current/voltage converter unit 39, a sample-and-hold circuit
40, a filter unit 41, an amplifier unit 42, and an ADC unit 43.
The analog current signal of the receive diode 38 is converted
into an analog voltage signal by the current/voltage converter
unit 39. The sample-and-hold circuit 40 is configured for
storing a latest signal acquired by the receive diode 38 for the
further signal processing operation arranged downstream of
the sample-and-hold circuit 40 and for providing the signal
for the filter unit 41. The sample-and-hold circuit 40 may
store the last signal value acquired and forwarded by the
receive diode 38 when the circuit is in a deactivated state.
[0041] The filter unit 41 of the signal processing unit 36
serves to filter out alias effects in the signals for the down-
stream ADC unit 43. In addition, noise signals having fre-
quencies below 20 Hz or below 25 Hz are filtered out of the
signals by the filter unit 41. These noise signals are generated,
for example, by low-frequency respiratory noises of the
patient. Noise signals having frequencies greater than 45 Hz,
greater than 40 Hz, or greater than 35 Hz are also filtered out
of the signals by the filter unit 41. Noise signals of the typeare
produced, for example, by higher-frequency gradient noises
and/or by rustling noises from the microphone. An output
signal of the filter unit 41 accordingly has a frequency range
of approximately 25 Hz to 35 Hz. In the present exemplary
embodiment, the filter unit 41 is formed by a bandpass filter
unit.

[0042] The amplifier unit 42 and the ADC unit 43 are
arranged connected downstream of the filter unit 41 inside the
signal processing unit 36. The filtered signals are amplified by
the amplifier unit 42. The analog signals are converted into
digital signals by the ADC unit 43 and are subsequently
transmitted wirelessly by a transmit element 44 of the trans-
mission unit 34 to a receive element (not shown in any further
detail), which may be incorporated in the transmission device
32 and/or the system control unit 22.

[0043] FIG. 3 shows one embodiment of a method for wire-
less transmission of acoustic cardiac signals that have been
acquired by the optical microphone 31. The method is per-
formed by the transmission device 32. The individual units of
the transmission device 32 are controlled for this purpose by
the control unit 33 of the transmission device 32. In prepara-
tion for the performance of the method, the patient 16 is
already positioned on the patient support device 17 and
arranged together with the patient support device 17 inside
the patient receiving zone 15.

[0044] In act 100, the transmit diode 37 formed by the IR
LED is activated by the control unit 33 for a time interval
including an activation time T _,. The activation time T, is
less than the period duration T, of the sampling of the
cardiac sound using the optical microphone 31. The IR LED
emits IR signals exclusively during the activation time T ,.
The activation time T, for the IR LED is aligned by the
control unit 33 to the sampling, such that the activation time
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T, of the IR LED coincides with and/or overlaps a time
interval of an acoustic cardiac signal acquisition by the opti-
cal microphone 31.

[0045] The activation time T, of the IR LED amounts at a
maximum to 10% of the period duration T, of 2500 ps (e.g.,
to 5% of the period duration T,,,,. or to approximately 2% of
the period duration T, in other words, to approximately 50
ps). Owing to the reduction in the operating time of the
transmit diode 37 to approximately 50 s, a power saving of
approximately 98% is produced for the transmit diode 37
(FIG. 4). Accordingly, the transmit diode 37 (e.g., the IR
LED) has only an average current consumption of 2 mA
instead of the 100 mA.

[0046] In act 101, a signal that in the present exemplary
embodiment is formed by an IR signal is emitted. The IR
signalis emitted by the IRLED within the activation time T .
In the process, the emitted IR signal is optically modulated
based on the acoustic cardiac signals. For example, the acous-
tic cardiac signals optically overlay the emitted IR signals in
this case.

[0047] After the IR signals have been emitted, the modu-
lated IR signals are acquired during the activation time T in
a further method act 102 by the receive diode 38 formed by
the IR photodiode. In the act 102, an analog electrical output
signal dependent on the acquired IR signal is generated by the
receive diode 38.

[0048] Subsequently, in act 103, the analog electrical sig-
nals are processed further by the signal processing unit 36 and
are transmitted wirelessly in a further method act 104 by the
transmit element 44 of the transmission unit 34.

[0049] The signal processing method act 103 is performed
partly during the activation time T , and partly after the acti-
vation time T . Initially, in the signal processing method act
103, for example, a signal is converted from a current signal
into a voltage signal by the current/voltage converter unit 39.
The voltage signals are then forwarded to the sample-and-
hold circuit 40 and stored at the sample-and-hold circuit 40.
The sample-and-hold circuit 40 is activated by the control
unit 33 for a swiiching time T,.. The switching time T is
included in the activation time T, (FIGS. 3 and 4). The
activation time T, also includes a delay time T , that precedes
the switching time T, such that the sample-and-hold circuit
40 is activated by the control unit 33 only after the delay time
T, The switching time T, ends essentially simultaneously
with the activation time T .

[0050] Following thetermination ofthe activation time T
the transmit diode 37 (e.g., the IR LED) is switched by the
control unit 33 into a passive and/or inactive operating state.
The transmit diode 37 (e.g., the IR LED) remains in the
passive and/or inactive operating state until such time as the
next sampling cycle for acquiring the acoustic cardiac signals
by the optical microphone 31 begins, and consequently, the
transmit diode 37 is once again activated by the control unit
33.

[0051] The activation time T, is directly followed by a
processing time T, The processing time T, and the activa-
tion time T, correspond in total substantially to the period
duration T,,,. The processing time T,,, is therefore a differ-
ence between the period duration T, and the activation time
T, During the signal processing time T ,, a signal process-
ing operation is performed by the signal processing unit 36 of

the transmission unit 34. The signal processing operation in
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this case includes a filtering of the signals, an amplification of
the signals and a conversion (e.g., digitization) of the signals
into digital signals.

[0052] The signals are filtered by the filter unit 41 during a
filter time T . The filter time T takes up more than 70% of the
processing time T,,. This enables the filter unit 41 (e.g., the
bandpass filter unit) to become tuned to the signal value
stored within the sample-and-hold circuit 40. The filter time
T,is directly followed by the ADC time T ;... The filter time T,
and the ADC time T, together substantially correspond to
the processing time T, The ADC time T,,. essentially
includes the amplification of the filtered signals by the ampli-
fier unit 42 and the conversion (e.g., digitization) of the sig-
nals into digital signals by the ADC unit 43 (FIGS. 3 and 4).
[0053] Following the conversion (e.g., digitization) of the
signals, the wireless transmission of the signals is accom-
plished by the transmit element 44 during method act 104.
Trigger signals for initiating the acquisition of image data are
generated by the motion detection unit 30 and/or the system
control unit 22 based on the transmitted signals, to the effect
that the individual sets of image data always relate to an
identical motion phase of the heart of the patient 16.

[0054] Although the invention has been illustrated and
described in greater detail based on the exemplary embodi-
ments, the invention is not limited by the disclosed examples
and other variations can be derived herefrom by the person
skilled in the art without leaving the scope of protection of the
invention.

[0055] The elements and features recited in the appended
claims may be combined in different ways to produce new
claims that likewise fall within the scope of the present inven-
tion. Thus, whereas the dependent claims appended below
depend from only a single independent or dependent claim, 1t
is to be understood that these dependent claims may, alterna-
tively, be made to depend in the alternative from any preced-
ing or following claim, whether independent or dependent.
Such new combinations are to be understood as forming a part
of the present specification.

[0056] While the present invention has been described
above by reference to various embodiments, it should be
understood that many changes and modifications can be made
to the described embodiments. It is therefore intended that the
foregoing description be regarded as illustrative rather than
limiting, and that it be understood that all equivalents and/or
combinations of embodiments are intended to be included in
this description.

1. A method for wireless transmission of acoustic cardiac
signals during a medical imaging examination, wherein the
acoustic cardiac signals are acquired at a sampling frequency
using an optical microphone, and the sampling frequency
spans one period duration, wherein the wireless transmission
of the acoustic cardiac signals is accomplished using a trans-
mission device comprising a controller and a transmission
unit, wherein the transmission unit comprises a signal modu-
lation unit comprising a transmit diode and a receive diode,
the method comprising:

activating, by the controller, the transmit diode for a time

interval including an activation time, the activation time
being less than the period duration;

emitting, by the transmit diode, a signal during the activa-

tion time, the emitted signal being optically modulated
based on the acoustic cardiac signals;

acquiring, by the receive diode, the modulated signals dur-

ing the activation time; and

wirelessly transmitting the signals.
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2. The method of claim 1, wherein the activation time
amounts at a maximum to 10% of the period duration.

3. The method of claim 1, wherein the activation time
amounts at a maximum to 5% of the period duration.

4. The method of claim 1, further comprising switching the
transmit diode into a passive operating state, an inactive opet-
ating state, or a passive and inactive operating state after the
activation time has elapsed.

5. The method of claim 1, wherein the activation time
includes a switching time, and

wherein a sample-and-hold circuit of the transmission unit

is activated for the switching time within the activation
time.

6. The method of claim 1, further comprising performing a
signal processing operation using a signal processing unit of
the transmission unit during a processing time that corre-
sponds to a difference between the period duration and the
activation time, the processing time directly following the
activation time.

7. A transmission device comprising:

a controller; and

a transmission unit comprising a signal modulation unit,

the signal modulation unit comprising a transmit diode
and a receive diode,

wherein the transmission device is configured to wirelessly

transmit acoustic cardiac signals during a medical imag-
ing examination, the acoustic cardiac signals being
acquired at a sampling frequency using an optical micro-
phone, the sampling frequency spanning one period
duration, the wireless transmission of the acoustic car-
diac signals comprising:
activation, by the controller, of the transmit diode for a
time interval including an activation time, the activa-
tion time being less than the period duration;
emission, by the transmit diode, of a signal during the
activation time, the emitted signal being optically
modulated based on the acoustic cardiac signals;
acquisition, by the receive diode, of the modulated sig-
nals during the activation time; and
wireless transmission of the signals.

8. The transmission device of claim 7, wherein the control-
ler is configured for switching the transmit diode into a pas-
sive operating state, an inactive operating state, or a passive
and inactive operating state after the activation time has
elapsed.

9. The transmission device of claim 7, wherein the activa-
tion time amounts at a maximum to 10% of the period dura-
tion.

10. The transmission device of claim 7, wherein the trans-
mission unit comprises a signal processing unit, the signal
processing unit comprising a sample-and-hold circuit that is
activated by the controller during a time interval of a switch-
ing time, and

wherein the switching time is included in the activation

time.

11. A motion detection unit for detecting a cardiac motion
during a medical imaging examination, the motion detection
unit comprising:

an optical microphone; and

a transmission device comprising:

a controller; and

atransmission unit comprising a signal modulation unit,
the signal modulation unit comprising a transmit
diode and a receive diode,
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wherein the transmission device is configured to wirelessly
transmit acoustic cardiac signals during a medical imag-
ing examination, the acoustic cardiac signals being
acquired at a sampling frequency using the optical
microphone, the sampling frequency spanning one
period duration, the wireless transmission of the acous-
tic cardiac signals comprising:
activation, by the controller, of the transmit diode for a

time interval including an activation time, the activa-
tion time being less than the period duration;
emission, by the transmit diode, of a signal during the
activation time, the emitted signal being optically
modulated based on the acoustic cardiac signals;
acquisition, by the receive diode, of the modulated sig-
nals during the activation time; and
wireless transmission of the signals.

12. The motion detection unit of claim 11, wherein the
controller is configured for switching the transmit diode into
a passive operating state, an inactive operating state, or a
passive and inactive operating state after the activation time
has elapsed.

13. The motion detection unit of claim 11, wherein the
activation time amounts at a maximum to 10% of the period
duration.

14. The motion detection unit of claim 11, wherein the
transmission unit comprises a signal processing unit, the sig-
nal processing unit comprising a sample-and-hold circuit that
is activated by the controller during a time interval of a
switching time, and

wherein the switching time is included in the activation
time.

15. A medical imaging device comprising:

a motion detection unit for detecting a cardiac motion
during a medical imaging examination, the motion
detection unit comprising:
an optical microphone; and
a transmission device comprising:

a controller; and

a transmission unit comprising a signal modulation
unit, the signal modulation unit comprising a trans-
mit diode and a receive diode,

wherein the transmission device is configured to wirelessly
transmit acoustic cardiac signals during a medical imag-
ing examination, the acoustic cardiac signals being
acquired at a sampling frequency using the optical
microphone, the sampling frequency spanning one
period duration, the wireless transmission of the acous-
tic cardiac signals comprising;
activation, by the controller, of the transmit diode for a

time interval including an activation time, the activa-
tion time being less than the period duration;
emission, by the transmit diode, of a signal during the
activation time, the emitted signal being optically
modulated based on the acoustic cardiac signals;
acquisition, by the receive diode, of the modulated sig-
nals during the activation time; and
wireless transmission of the signals.

16. The medical imaging device of claim 15, wherein the
controller is configured for switching the transmit diode into
a passive operating state, an inactive operating state, or a
passive and inactive operating state after the activation time
has elapsed.
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17. The medical imaging device of claim 15, wherein the
activation time amounts at a maximum to 10% of the period
duration.

18. The medical imaging device of claim 15, wherein the
transmission unit comprises a signal processing unit, the sig-
nal processing unit comprising a sample-and-hold circuit that
is activated by the controller during a time interval of a
switching time, and

wherein the switching time is included in the activation

time.
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