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(54) DETERMINING A TRIGGER SIGNAL FOR IMAGING

(57) A system (100) and method for determining a
trigger signal for imaging with an imaging system (40)
are provided. The method comprises the steps of:
- measuring (S10) a patient-specific characteristic of a
patient (30). The patient-specific characteristic is meas-
ured when the patient (30) is located at a first position
(51) relative to the imaging system (40);
- generating (S20) a patient-specific model based on the
patient-specific characteristic;
- measuring (S30) a triggering waveform of the patient

(30). The triggering waveform is measured when the pa-
tient (30) is located at a second position (52) relative to
the imaging system (40). The second position (52) is dif-
ferent from the first position (51);
- determining (S40) the trigger signal based on the pa-
tient-specific model and the triggering waveform. The
trigger signal is configured to trigger the imaging system
(40) to acquire an image of the patient (30) in a time-re-
solved manner.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a system and method
for determining a trigger signal for imaging with an imag-
ing system.

BACKGROUND OF THE INVENTION

[0002] Electrocardiogram (ECG) and contact photop-
lethysmography (PPG), e.g. measured with a finger ox-
imeter, have been used in standard magnetic resonance
imaging (MRI) and computed tomography (CT) systems
for cardiac triggering or gating of scans.
[0003] MRI typically uses triggering based on ECG
measurements for scans which require synchronization
to the cardiac pulse and/or heart phase. The ECG meas-
urement holds the so-called R-peak, signaling the elec-
trical activity starting the contraction of the heart muscle,
i.e., the start of the systolic phase. Based on the R-peak,
an MRI triggering sequence is started consisting of a
preparation pulse (pre-pulse) and multiple acquisition
windows. Such ECG based triggering may suffer from
disadvantages like complex placement of the electrodes
as well as multiple wires that can limit patient comfort as
well as disturb imaging quality due to magnetic field in-
terference.
[0004] Therefore, feasibility of cardiac-triggered MRI
with camera-based PPG of the human face has been
shown. A fully or semi-automated and contactless cam-
era-PPG solution can significantly simplify the clinical
MRI workflow because no contact sensors are required,
and it may eliminate the interference of magnetic field to
the signal.
[0005] However, compared to ECG-based triggering,
a possible limitation of camera-PPG based triggering is
that a patient-specific delay is present between the R-
peak that is commonly used for cardiac triggering, and
the trigger derived from PPG signals. This delay is
caused by the pulse transit times from the heart to the
peripheral skin site and may lead to inaccurate triggering
unless compensated for.
[0006] The publication US2017055934A1 discloses a
method and system for determining a trigger signal. The
method for determining a trigger signal for an imaging
device is based on receiving a film of a surface of a first
body part of a patient. In an embodiment, image values
in a region in the images of the film are averaged. The
noise of the image values in the region is reduced by way
of the averaging. The film is transformed into a temporal
signal series on the basis of the averaging. The transfor-
mation takes place in such a manner that the temporal
series is a measure of the timing pattern of the blood
circulation in the area.
[0007] Camera-based PPG requires a certain amount
processing in order to achieve robust trigger detection.
This may lead to costly delays in the workflow before

actual triggered scanning can commence.
[0008] Hence, there is a need for improved speed and
accuracy of triggered imaging.

SUMMARY OF THE INVENTION

[0009] It is an object of the invention to provide a meth-
od and system to improve the speed and accuracy of
triggered imaging.
[0010] The invention is defined by the independent
claims. Advantageous embodiments are defined in the
dependent claims.
[0011] According to a first aspect of the invention there
is provided a method for determining a trigger signal for
imaging with an imaging system. The method comprises
the steps of:

- measuring a patient-specific characteristic of a pa-
tient. The patient-specific characteristic is measured
when the patient is located at a first position relative
to the imaging system;

- generating a patient-specific model based on the pa-
tient-specific characteristic;

- measuring a triggering waveform of the patient. The
triggering waveform is measured when the patient
is located at a second position relative to the imaging
system. The second position is different from the first
position;

- determining the trigger signal based on the patient-
specific model and the triggering waveform. The trig-
ger signal is configured to trigger the imaging system
to acquire an image of the patient in a time-resolved
manner.

[0012] The patient-specific characteristic is a meas-
ured characteristic related to the physiology or physical
characteristics of the patient, such as, but not limited to,
heart rate, respiration, oxygenation, blood pressure, car-
diac cycle, temperature, weight, height, body-mass-in-
dex etc. The patient-specific characteristic may be a con-
stant, one or several measurement points, amplitude, fre-
quency, phase, shape, signal-to-noise level etc. of a
physiological measurement. This characteristic or com-
binations of characteristics can be used to model param-
eters that are specific for the patient in a patient-specific
model. Similarly, the triggering waveform is a time-re-
solved measurement of a physiological parameter of the
patient, such as, but not limited to, heart rate, respiration,
oxygenation, cardiac cycle, temperature etc. The trigger
signal directly or indirectly triggers acquisition of an im-
age of the patient with the imaging system at a moment
in time.
[0013] The proposed method may be advantageous
for speed and accuracy of the imaging triggering work-
flow since one or multiple patient-specific characteristics
can be measured, and generation of a patient-specific
model from such characteristics can be initiated, already
before the patient is in the second position where the
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triggering waveform is measured. The second position
may also be the position of the patient when the imaging
system is triggered to acquire an image of the patient. In
this way, the combination of patient-specific information
and the measured triggering waveform may form the ba-
sis for accurate imaging triggering without causing un-
necessary delays to the workflow.
[0014] In an embodiment of the invention, in the first
position a patient anatomy of interest is located substan-
tially outside of a bore of the imaging system, and in the
second position said patient anatomy of interest is locat-
ed substantially inside the bore of the imaging system.
[0015] The patient anatomy of interest is a part of the
patient where triggering is determined and/or the body
part that is imaged by the imaging system. By measuring
patient-specific characteristics when the patient anatomy
of interest is outside of the bore of the imaging system,
such as e.g. during a patient preparation phase, patient
time inside the bore can be shortened. In this way the
total workflow time may be shortened, and patient com-
fort may be increased. The bore of an imaging system
may be e.g. the bore of a computed tomography (CT)
system or a magnetic resonance imaging (MRI) system
or a molecular imaging system, like positron emission
tomography (PET) or single photon emission computed
tomography (SPECT), or any combination of such sys-
tems.
[0016] In an embodiment of the invention, the trigger-
ing waveform comprises a waveform derived from pho-
toplethysmography (PPG), and the step of measuring
the triggering waveform comprises a measurement with
a sensor, preferably a camera.
[0017] A measurement of the triggering waveform with
e.g. camera-based PPG, instead of multiple electrocar-
diogram (ECG) sensors placed in contact with the patient
may have multiple advantages, such as automation or
simplification of the workflow, avoidance of magnetic field
interference of the ECG signal etc.
[0018] The sensor is preferably e.g. a 2D or 3D camera
sensor or similar, configured to contactless measure
PPG parameters from visible light or infrared light or light
of other wavelengths. However, other sensor technolo-
gies are also conceivable to measure a waveform derived
from PPG, such transmissive or reflective PPG sensors
in close proximity to or contact with the patient, contact-
less measurements with RADAR or LIDAR, etc.
[0019] In an embodiment of the invention, the patient-
specific characteristic comprises a characteristic derived
from PPG, and the step of measuring the patient-specific
characteristic comprises a measurement with a sensor,
preferably a camera.
[0020] Similarly to the triggering waveform, a meas-
urement of patient-specific parameters with e.g. camera-
based PPG, alone or in combination with other measure-
ments, may speed up and simplify the imaging and/or
patient preparation workflow.
[0021] The sensor used to measure a patient-specific
characteristic, comprising a characteristic derived from

PPG, may be the same sensor as the sensor used to
measure the triggering waveform. The sensor may also
be a separate sensor of the same, similar, or different
type or functionality as the sensor used to measure the
triggering waveform. By way of example, both sensors
may e.g. be sensors configured to measure camera-
based PPG signals.
[0022] In an embodiment of the invention, the patient-
specific model comprises a patient-specific PPG wave-
form profile.
[0023] Modelling of a patient-specific model compris-
ing a PPG waveform profile, such as a template morphol-
ogy and/or amplitude of the waveform, is advantageous
for fast and accurate imaging triggering. This may be of
particular importance when the triggering waveform com-
prises a waveform derived from PPG.
[0024] In an embodiment of the invention, the patient-
specific model comprises a patient-specific pulse transit
time.
[0025] Similarly to the patient specific-waveform pro-
file, information about a patient-specific pulse transit time
may be advantageous for fast and accurate imaging trig-
gering.
[0026] In an embodiment of the invention, the patient-
specific model comprises a patient-specific reliability fac-
tor of a camera-based PPG parameter.
[0027] The patient-specific reliability factor may pro-
vide an indication of the reliability, quality and/or robust-
ness of camera-based PPG for the specific patient and/or
circumstances. If e.g. the reliability is low, additional or
alternative measurements to camera-based PPG may
be required for accurate triggering based on the trigger-
ing waveform. Having such information at an early stage
may save bore time and/or avoid that sets of image ac-
quisitions need to be repeated.
[0028] In an embodiment of the invention, the step of
determining the trigger signal comprises calculating mul-
tiple PPG markers, wherein the PPG markers are derived
from the triggering waveform and/or the patient-specific
PPG waveform profile, and wherein the PPG markers
are configured to predict an R-peak.
[0029] PPG markers are specific PPG features of the
PPG waveform, such as inter-beat interval, waveform
features, phase etc. Calculating multiple PPG markers
may be advantageous, since the PPG markers may im-
prove accuracy and/or robustness when predicting an R-
peak from e.g. camera-based PPG.
[0030] In an embodiment of the invention, the PPG
markers as mentioned above comprise a diastolic phase
PPG marker and a flush phase PPG marker.
[0031] In an embodiment of the invention, the method
further comprises the steps of:

- deriving a timing parameter from the triggering wave-
form and/or the patient-specific model, and

- scanning the patient triggered by the trigger signal,
wherein scanning is configured to generate imaging
scan data.
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[0032] In an embodiment of the invention, the method
further comprises an image formation step, wherein the
image formation step forms an image of the patient based
on processing of the imaging scan data and the timing
parameter.
[0033] This may advantageous, since using a timing
parameter from the triggering waveform and/or the pa-
tient-specific model can help to improve the quality and/or
speed of image formation.
[0034] According to another aspect of the invention,
there is provided a computer program element, which,
when being executed by at least one processing unit, is
adapted to cause the processing unit to perform a for the
processing unit any computer-executable method step
according to any of the methods described above.
[0035] According to another aspect of the invention,
there is provided a computer readable medium having
stored thereon the above-mentioned computer program
element.
[0036] According to a second aspect of the invention,
there is provided a system for determining a trigger signal
for imaging a patient with an imaging system, the system
comprising:

- a patient-specific characteristic sensor configured to
measure a patient-specific characteristic of a patient
when the patient is located at a first position relative
to the imaging system,

- a triggering waveform sensor configured to measure
a triggering waveform of the patient when the patient
is located at a second position relative to the imaging
system, and

- a processing unit configured to receive the patient-
specific characteristic, generate a patient-specific
model based on the patient-specific characteristic,
receive the triggering waveform, and determine an
imaging trigger signal based on the patient-specific
model and the triggering waveform.

[0037] In an embodiment of the invention, at least one
of the patient-specific characteristic sensor and/or the
triggering waveform sensor is a sensor, preferably a cam-
era, and the sensor is configured to measure a sensor-
based PPG signal.
[0038] According to another aspect of the invention,
there is provided an imaging system comprising the sys-
tem for determining a trigger signal, wherein the imaging
system is preferably a computed tomography system or
a magnetic resonance imaging system.
[0039] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040]

Fig. 1 illustrates a schematic of a system for deter-

mining a trigger signal, in accordance with an em-
bodiment of the invention.
Fig. 2 illustrates a schematic of measured and proc-
essed signals according to an embodiment of the
invention.
Fig. 3 shows palm and face camera-PPG signals
used to determine a patient-specific model accord-
ing to an embodiment of the invention.
Fig. 4 illustrates determination of multiple PPG mark-
ers according to an embodiment of the invention.
Fig. 5 shows a flowchart representing a method of
determining a trigger signal in accordance with an
embodiment of the invention.
Fig. 6 shows a flowchart representing a method of
determining a trigger signal to initiate a scan in ac-
cordance with an embodiment of the invention.
Fig. 7 shows a flowchart representing a method of
image formation in accordance with an embodiment
of the invention.

DESCRIPTION OF EMBODIMENTS

[0041] A schematic of a system 100 for determining a
trigger signal, in accordance with embodiments of the
invention, is illustrated in Fig. 1. A patient 30 is positioned
on the table of an imaging system 40. In this example it
is proposed to use an out-bore camera sensor 10 to
measure patient-specific characteristics that can be used
to model the patient-specific physiology during the prep-
aration phase, before sending the patient into the bore
for triggered scanning using the in-bore camera sensor
20.
[0042] Many imaging system environments already of-
fer a ceiling-mounted camera that allows for monitoring
the patient during the preparation phase, before moving
the table into the bore. Such camera sensors can there-
fore be further used for e.g. remote PPG analysis. The
patient-specific characteristic sensor 10 and the trigger-
ing waveform sensor 20 are connected, via a wired or
wireless connection, to a processing unit (not shown in
the figure).
[0043] In the example illustrated in Fig 1. the two sen-
sors are separate camera sensors at different locations.
However, it is also possible that the patient-specific char-
acteristic sensor 10 and the triggering waveform sensor
20 is the same sensor and/or located at the same loca-
tion. Such as e.g. a camera-based sensor with a field of
view both inside and outside the bore of the imaging sys-
tem 40.
[0044] In Fig. 1a, the patient 30 is in a first position 51
during the preparation phase. In the first position 51, the
patient anatomy of interest, such as the chest or the head
or another body part, is substantially outside the bore of
the imaging system 40. It should be noted that although
Fig. 1a illustrates the patient on a table in connection to
the imaging system, it is also conceivable that the first
position 51 is further away from the imaging system, such
as in another room used for preparation.
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[0045] During the phase illustrated in Fig. 1a, when the
patient is in a first position 51, patient-specific character-
istics are measured with the camera sensor 10. The
measurement may be combined with measurements by
additional sensors remotely or in contact with the patient.
Examples of such measured characteristics include, but
are not limited to, characteristics derived from PPG, such
as pulse waveform, heart rate, respiration rate, blood
pressure, the relationships between pulsatile features
and ECG R-peak, PPG peak detection rate etc. Based
on one or multiple patient-specific characteristics, a pa-
tient-specific model can be created at the processing unit.
Non-limiting examples of such a patient-specific model
that can be created from patient-specific characteristics
measured with a camera sensor 10, include a patient-
specific PPG waveform profile, a patient-specific pulse
transit time or a patient-specific reliability factor of a cam-
era-based PPG parameter.
[0046] In Fig. 1b, the patient 30 is in a second position
52 during the scanning phase. In the second position 52,
the patient anatomy of interest is substantially inside the
bore of the imaging system 40. In the second position
52, a triggering waveform is measured with the camera
sensor 20, in this example an in-bore camera. The trig-
gering waveform may be derived from a camera-based
PPG measurement with the camera sensor 20. The
processing unit receives the triggering waveform and de-
termines an imaging trigger signal. The trigger signal is
configured to trigger the imaging system 40 to acquire
an image of the patient 30 in a time-resolved manner.
[0047] Several potential advantages can be envi-
sioned from such a system as illustrated in Fig. 1, where
the patient-specific characteristics can be measured al-
ready during the patient preparation phase and/or at least
before the patient 30 is moved further into the bore of the
imaging system 40. Examples include;
[0048] With knowledge of patient-specific PPG mod-
els, such as PPG waveform morphology, PPG amplitude,
pulse transit time delays etc., camera-based accurate
and fast timing of e.g. the MRI and CT acquisition win-
dows is simplified.
[0049] Images of MRI cardiac cine movies are com-
monly annotated with time stamps relative to the R-peak,
which is defined as time zero. This is possible with prior
knowledge of the delays.
[0050] MRI cardiac cine movies are typically presented
for diagnosis and comparison such that they start with
the time of the R-peak. This is possible with prior knowl-
edge of the delays.
[0051] Functional evaluation of cardiac images as for
ejection fraction and wall-motion may be simplified and/or
more accurate with knowledge about timing relative to
the R-peak.
[0052] Triggering with a low delay between R-peak and
trigger requires a patient specific PPG template and
therefore some initial calibration time to initialize this
model. When such calibration can be made in advance
by the processing unit, without relying on an in-bore

measurement, expensive in-bore time can be saved.
[0053] When camera-based PPG signal quality can be
evaluated in advance, to calculate a patient-specific re-
liability factor of a camera-based PPG parameter, this
can have significant positive effects on the workflow time.
E.g. in an example of triggered MRI, the workflow would
be prolonged drastically if the patient is already inside
the bore and the in-bore camera 20 detects a patient-
specific insufficient PPG signal quality. In that case the
patient 30 would have to be taken out again, MR coils
removed, ECG-electrodes applied, MR coils applied
again, and then the patient 30 would have to be reposi-
tioned in the bore.
[0054] In the example illustrated in Fig 1, the out-bore
camera 10 is positioned on top (or side) of the patient 30
lying on the table and measuring the physiological signals
from the patient skin (e.g. the chest or face area). The
physiological signal may be a PPG signal, but it can also
include other physiological signals. In some cases an
ECG sensor is also used. The ECG signal, measured
with the ECG sensor, may e.g. be synchronously meas-
ured with the camera-PPG signal.
[0055] Current ECG-detection for MRI triggering is typ-
ically based on at least four electrodes on the bare chest.
At least four electrodes are typically required for robust
R-peak detection inside the bore, because here the ECG
signal may be corrupted due to interference with MR
fields. For synchronous measurement of ECG with PPG
outside of the bore for the purpose of measuring patient-
specific characteristics and initialization of calculating a
patient-specific model, it is possible to apply only two
ECG-electrodes. The electrodes may be applied e.g. at
the wrists or hands of the patient 30. Such an ECG set-
up may simplify the workflow tremendously. Further-
more, in such cases where the electrodes are removed
before the patient enters the bore, since in-bore triggering
waveform is measured with e.g. camera-PPG, the ECG
electrodes, leads and detection circuitry do not have to
be made MR-compatible. It can be envisioned that in
some cases the ECG electrodes may just be simple han-
dles or conductive fields at both sides of the patient sup-
port that may be grabbed for a few seconds by the patient
for as long as data is required to calibrate the model.
[0056] Fig. 2 illustrates an example of the relation be-
tween the patient-specific characteristics measured
when the patient 30 is at the first position 51, the patient-
specific model, and the triggering signal measured when
the patient 30 is at the second position 52.
[0057] Fig. 2a schematically shows the measured pa-
tient-specific characteristics when the patient 30 is at the
first position 51. In this example, a signal derived from
PPG is measured with the patient-specific characteristics
sensor 10, such as a camera PPG sensor. In addition,
an ECG signal is measured with an ECG sensor. The
synchronized camera-PPG derived signal and ECG sig-
nal can be used to calculate patient specific models, as
illustrated in Fig. 2b and Fig 2c.
[0058] Fig. 2b illustrates a created PPG waveform pro-
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file that can be used as a patient-specific PPG template
to enable fast triggering. The PPG waveform profile is a
robust PPG cardiac cycle averaged from multiple PPG
cycles, e.g. as measured by face or chest camera-PPG
in Fig 2a. Since this model is based on the patient-specific
characteristic measured when the patient is at the first
position 51, the model can be initialized before the patient
moves further into the bore of the imaging system 40.
[0059] Similarly, Fig 2c shows a created R-peak re-
gression model that models the relationship between the
camera-PPG features and ECG R-peaks measured. The
input to the model comes from the patient-specific char-
acteristics measured at the first position 51. The model
may associate specific PPG features (e.g. inter-beat in-
terval, waveform features, phase), so called PPG mark-
ers, with the pulse transit time between R-peak and systo-
lic valley of a camera-PPG signal. Such a regression
model can therefore be used to predict/regress R-peak
location from a camera-based PPG waveform.
[0060] Fig. 2d illustrates a triggering waveform that is
measured when the patient 30 has moved further into
the bore of the imaging system 40. In this example, the
triggering waveform is derived only from camera-based
PPG measurements when the patient is at the second
position 52. Thus, no ECG is required inside the imaging
system to measure the triggering waveform.
[0061] As shown in Fig. 2e, the previously created PPG
waveform profile (Fig. 2b) can be used to quickly identify
PPG cycles in the triggering waveform, which may be
used for trigger detection. Since building of the model
was already initialized earlier in the workflow, fast trig-
gering can be enabled.
[0062] Similarly, as shown in Fig. 2f, the pre-built R-
peak regression model (Fig 2c) can be used to enable
accurate triggering by predicting ECG R-peaks from the
camera-based triggering waveform.
[0063] A trigger signal is generated based on the iden-
tified cardiac cycles and R-peaks, such that the imaging
system is triggered to acquire images of the patient.
[0064] In the example illustrated in Fig 2., the patient-
specific characteristic used to model the patient specific
pulse transit time is measured in the patient preparation
phase by the combination of camera-based PPG and
ECG. Alternatively, the pulse transit time and related pa-
rameters can also be modelled from PPG measurements
such as multi-site PPG imaging without the need for ECG.
[0065] Fig. 3 illustrates multi-site PPG imaging, where
the PPG signals are acquired simultaneously from the
face and palms of the patient with a ceiling camera, which
can be the patient-specific characteristics sensor 10. In-
formation about simultaneous signals between face and
palms can be used to estimate a surrogate transit time.
Such a surrogate transit time can in turn be used to im-
prove the accuracy of R-peak regression from PPG sig-
nals.
[0066] Additional parameters like patient height, age,
body-mass index etc. may also be used to further improve
the models.

[0067] In order to improve the robustness of PPG
marker detection from the triggering waveform, multiple
PPG markers can be generated in combination with pa-
tient-specific PPG waveform profiles. In this way one
marker may predict the next and thereby improve the
robustness of the model.
[0068] Instead of creating one single patient-specific
PPG waveform profile, it is also possible to create a mul-
titude of profiles associated with specific cardiac cycle
durations or for ranges of cardiac cycle durations. Cre-
ating different profiles per ranges of cycle duration may
be motivated by the fact that the time curves of cardiac
beat and related physiological quantities as arterial blood
velocity and PPG signal do not simply scale linearly if the
heart rate changes. Instead, some parts of the cardiac
cycle are extended in time (as typically the resting phase
in diastole) and some parts remain more or less un-
changed (as the cardiac contraction phase).
[0069] In each waveform profile, one or more PPG
markers can be defined. Of particular relevance are the
zero-crossings in this signal. The negative-going zero-
crossing is associated with the highest blood volume
change at the observation point, e.g. forehead with cam-
era-PPG, in response to a contraction of the heart. The
positive-going zero-crossing is associated with the di-
astolic phase and typically precedes the ECG R-peak. A
plurality of markers may by generated from a single wave-
form profile thus enabling tracking the current phase of
the PPG signal in the cardiac cycle.
[0070] Detection of PPG markers can e.g. be done as
follows. The waveform profile can be shifted so that it
starts and stops with a zero-crossing. In this way two
waveform profiles are created, each with a full cardiac
waveform: one beginning and ending with a positive-go-
ing zero-crossing and the second one beginning and end-
ing with a negative-going zero-crossing.
[0071] Both waveforms are shown in Fig. 4a, where
the PPG waveform profile is stretched or time-warped to
cover 33 samples. The notion is to check if the latest
received sample of incoming PPG waveform corre-
sponds to the last sample in these prototypes. If so, the
corresponding marker is generated.
[0072] The patient-specific PPG signal may be decom-
posed using a patient-specific model. The model de-
scribes the waveform as being composed of three parts:
the PPG waveform profile, a low frequency (LF) signal
component and a noise component. The LF signal com-
ponent can be modelled as a low-order polynomial. More
formally, let the discrete-time PPG signal segment be
denoted as s(n), n=[1,...,N], the prototype as p(n), the LF
signal component as b(n), then the signal is described as 

with e(n) the error signal describing noise (e.g., meas-
urement noise) and disturbances, and with α being a
scale factor. The signal component b captures the signal

9 10 



EP 4 302 693 A1

7

5

10

15

20

25

30

35

40

45

50

55

drifting in the PPG and PPG variation associated with
respiration (and thus of lower frequency than the heart
rate). Various ways to arrive at such a decomposition are
known, e.g., a least-squares fitting procedure may be
used to attain said decomposition, where windowing may
be used to stress the importance of certain parts of the
segment in the fit.
[0073] The decomposition signals can be analyzed for
their strength, e.g., in terms of energy. A good fit is at-
tained if the energy associated with the PPG component
p is significantly larger than that associated with e. Fur-
ther evidence supporting the generation of the marker
would be that the coefficient α is positive. Further evi-
dence would be that when considering the next segment
consisting of one simple shifted input signal, the coeffi-
cient α has become lower, or the balance between the
energies in (α p) and e has become less favorable. In
these or other ways, a decision may be taken that the
marker has occurred.
[0074] Since the length of the current cardiac cycle is
a priori unknown, the system operates at various lengths.
Thus, the detection has an extra dimension, namely that
along the scale (cardiac cycle length). The various cues
for the existence of the marker also have to be seen
across this extra dimension. A hard decision may be tak-
en based on thresholding, more statistical-like approach-
es may be used, or neural nets may be trained to create
the final decision mechanism
[0075] Examples of multiple generated PPG markers
to improve R-peak prediction are illustrated in Fig 4b.
More specifically, prediction can be improved by choos-
ing at least one marker preceding but close to the R-peak
and at least a second marker indicating that an R-peak
has occurred, e.g., by observing blood volume change
induced by the induced heart contraction. The PPG mark-
ers are in this case generated at the diastolic phase and
at or near the moment of highest blood volume change,
the flush phase. The diastolic phase PPG marker (aster-
isks in Fig 4b) typically comes just before the R-peak and
the flush phase PPG marker (circles in Fig 4b) typically
just after. The combination of the two therefore improves
timely prediction of the R-peak.
[0076] In the above description, several embodiments
of the invention are elaborated on. An aspect of the in-
vention is also illustrated by Fig. 5, showing a flowchart
representing a method of determining a trigger signal.
The method comprises the steps of:

- measuring S10 a patient-specific characteristic of a
patient. The patient-specific characteristic is meas-
ured when the patient is located at a first position
relative to the imaging system;

- generating S20 a patient-specific model based on
the patient-specific characteristic;

- measuring S30 a triggering waveform of the patient.
The triggering waveform is measured when the pa-
tient is located at a second position relative to the
imaging system. The second position is different

from the first position;
- determining S40 the trigger signal based on the pa-

tient-specific model and the triggering waveform.
The trigger signal is configured to trigger the imaging
system to acquire an image of the patient in a time-
resolved manner.

[0077] Similarly, Fig. 6 shows a flowchart representing
a method of determining a trigger signal to initiate a scan
in accordance with an embodiment of the invention. In
this case, the method in addition to what is shown in Fig.
5 also includes the steps of deriving S35 a timing param-
eter from the triggering waveform and/or the patient-spe-
cific model, and scanning S50 the patient triggered by
the trigger signal, wherein scanning S50 is configured to
generate imaging scan data.
[0078] Besides achieving a more robust triggering from
the measured triggering waveform, patient-specific mod-
els, e.g. including PPG markers, may contain timing pa-
rameters that can be further leveraged during the imaging
workflow. An image formation process S60, where scan
data is combined into an image or video sequence, may
use such timing parameters as extra information to con-
trol the image formation process. E.g. by weighting or as
a compensation factor for the data obtained at different
data acquisition windows.
[0079] E.g. in MRI, knowledge about timing parame-
ters as the distance between pre-pulse generation and
data acquisition timing can be used to improve image
formation. Alternatively, the trigger mechanism can be
configured to keep stricter requirements on constant pre-
pulse to acquisition window distance. In this case the
information of the occurrence of each MR sequence
event, such as the motion state of the myocardium, can
be used during the image formation process.
[0080] Fig. 7 illustrates an embodiment of the inven-
tion, where the method as shown in Fig. 6 further com-
prises an image formation step S60, wherein the image
formation step S60 forms an image of the patient based
on processing of the imaging scan data and the timing
parameter.
[0081] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be con-
strued as limiting the claim. The word "comprising" does
not exclude the presence of elements or steps other than
those listed in a claim. The word "a" or "an" preceding
an element does not exclude the presence of a plurality
of such elements. The invention may be implemented by
means of hardware comprising several distinct elements,
and/or by means of a suitably programmed processor.
In the device claim enumerating several means, several
of these means may be embodied by one and the same
item of hardware. Measures recited in mutually different
dependent claims may advantageously be used in com-

11 12 



EP 4 302 693 A1

8

5

10

15

20

25

30

35

40

45

50

55

bination.

Reference signs

[0082]

100 system for determining a trigger signal
10 patient-specific characteristic sensor
20 triggering waveform sensor
30 patient
40 imaging system
51 first position
52 second position
S10 measuring a patient-specific characteristic
S20 generating a patient-specific model
S30 measuring a triggering waveform
S35 deriving a timing parameter
S40 determining a trigger signal
S50 scanning the patient
S60 image formation process

Claims

1. A method for determining a trigger signal for imaging
with an imaging system (40), the method comprising
the steps of:

- measuring (S10) a patient-specific character-
istic of a patient (30), wherein the patient-spe-
cific characteristic is measured when the patient
(30) is located at a first position (51) relative to
the imaging system (40),
- generating (S20) a patient-specific model
based on the patient-specific characteristic,
- measuring (S30) a triggering waveform of the
patient (30), wherein the triggering waveform is
measured when the patient is located at a sec-
ond position (52) relative to the imaging system
(40), wherein said second position (52) is differ-
ent from the first position (51), and
- determining (S40) the trigger signal based on
the patient-specific model and the triggering
waveform, wherein the trigger signal is config-
ured to trigger the imaging system (40) to ac-
quire an image of the patient (30) in a time-re-
solved manner.

2. The method of claim 1, wherein in the first position
(51) a patient anatomy of interest is located substan-
tially outside of a bore of the imaging system (40),
and wherein in the second position (52) said patient
anatomy of interest is located substantially inside the
bore of the imaging system (40).

3. The method according to claim 1 or 2, wherein the
triggering waveform comprises a waveform derived
from photoplethysmography (PPG), and wherein the

step of measuring the triggering waveform compris-
es a measurement with a sensor, preferably a cam-
era.

4. The method according to any of the preceding
claims, wherein the patient-specific characteristic
comprises a characteristic derived from PPG, and
wherein the step of measuring the patient-specific
characteristic comprises a measurement with a sen-
sor, preferably a camera.

5. The method according to any of the preceding
claims, wherein the patient-specific model compris-
es a patient-specific PPG waveform profile.

6. The method according to any of the preceding
claims, wherein the patient-specific model compris-
es a patient-specific pulse transit time.

7. The method according to any of the preceding
claims, wherein the patient-specific model compris-
es a patient-specific reliability factor of a camera-
based PPG parameter.

8. The method according to claim 5, wherein the step
of determining the trigger signal comprises calculat-
ing multiple PPG markers, wherein the PPG markers
are derived from the triggering waveform and/or the
patient-specific PPG waveform profile, and wherein
the PPG markers are configured to predict an R-
peak.

9. The method according to claim 8, wherein the PPG
markers comprise a diastolic phase PPG marker and
a flush phase PPG marker.

10. A method according to any of the preceding claims,
the method further comprising the steps of:

- deriving (S35) a timing parameter from the trig-
gering waveform and/or the patient-specific
model,
- scanning (S50) the patient triggered by the trig-
ger signal, wherein scanning is configured to
generate imaging scan data, and
- image formation (S60), wherein an image of
the patient (30) is formed based on processing
of the imaging scan data and the timing param-
eter.

11. A computer program element, which, when being
executed by at least one processing unit, is adapted
to cause the processing unit to perform a for the
processing unit any computer-executable method
step according to any of the preceding claims.

12. A computer readable medium having stored thereon
the program element of claim 11.

13 14 



EP 4 302 693 A1

9

5

10

15

20

25

30

35

40

45

50

55

13. A system (100) for determining a trigger signal for
imaging a patient (30) with an imaging system (40),
the system (100) comprising:

- a patient-specific characteristic sensor (10)
configured to measure a patient-specific char-
acteristic of a patient (30) when the patient (30)
is located at a first position (51) relative to the
imaging system (40),
- a triggering waveform sensor (20) configured
to measure a triggering waveform of the patient
(30) when the patient (30) is located at a second
position (52) relative to the imaging system (40),
and
- a processing unit configured to receive the pa-
tient-specific characteristic, generate a patient-
specific model based on the patient-specific
characteristic, receive the triggering waveform,
and determine an imaging trigger signal based
on the patient-specific model and the triggering
waveform.

14. An imaging system (40) comprising the system (100)
for determining a trigger signal, according to claim
13, wherein the imaging system (40) is preferably a
computed tomography system or a magnetic reso-
nance imaging system.
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