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(57) ABSTRACT

The present invention relates to a method and a device for
enabling to analyze a property of a vital sign detector (20).
The proposed method comprises the steps of providing a
virtual phantom (14) of a living being, rendering an artificial
vital sign on the displayed virtual phantom (14), and out-
putting the virtual phantom (14) with the rendered artificial

vital sign to the vital sign detector (20).
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METHOD, DEVICE AND SYSTEM FOR
ENABLING TO ANALYZE A PROPERTY OF
A VITAL SIGN DETECTOR

FIELD OF THE INVENTION

[0001] The present invention relates to a method, a device
and a system for enabling to analyze a property of a vital
sign detector. In particular, the present invention relates to
calibrating or testing vital signs cameras for monitoring
various vital signs such as pulse, oxygenation level, respi-
ration, eftc.

BACKGROUND OF THE INVENTION

[0002] Health monitoring is traditionally present in the
hospital, particularly the ICU and includes the monitoring of
vital signs like EEG, ECG, pulse-rate, respiratory rate,
blood-oxygenation level, blood pressure, etc. Also sleep
laboratories acquire information about sleeping subjects
using actigraphy and electromyography, additionally to
some of the other vital signs.

[0003] These application areas often involve multiple sen-
sors attached to the body of the patient, some of which may
be wireless and others wired, restricting the freedom to
move or the quality of sleep of the patient, in addition to
causing discomfort and possible skin-damage.

[0004] Video Health Monitoring is recently emerging as a
promising unobtrusive alternative for an increasing number
of the above health indicators, not the least driven by the
strong wish to reduce the burden caused by current tech-
niques to (pre-term) neonates and patients with extensive
skin damage, e.g. due to burns.

[0005] Clearly, Video Health Monitoring, due to its unob-
trusive character, adds to patient comfort even in cases
where no real damage is done by the current technology.
However, also new application fields emerge in the con-
sumer domain, as simpler derived methods may run on
consumer platforms like laptops, tablets and mobile phones,
or on embedded platforms inside equipment used for exer-
cise in the gym.

[0006] Video Health Monitoring is also emerging for use
in analyzing the human skin, in particular with relevance for
cosmetic industry (e.g. moisturizers advice) and dermatol-
ogy (e.g. melanoma detection). Various diseases may be
diagnosed from motion in video sequences, like Periodic
Leg Movements, Delirium, while video analysis may reveal
information about body posture with relevance in baby
monitors to prevent Sudden Infant Death. Such motions that
can be analyzed in order to extract the health condition of a
patient are also understood as vital signs.

[0007] Consequently, there is a very broad application
domain for Video Health Monitoring ranging from beauty
product, the gym, consumer home-healthcare including
baby-monitoring, sleep-center, the General Ward, the Inten-
sive Care Unit, to the highly specialized Neonatal Intensive
Care Unit and burn-center.

[0008] US 2015/0105670 A1 discloses a system for deter-
mining a vital sign of a subject, the system comprising an
imaging unit for obtaining video data of the subject, a
marker directly or indirectly attached to a body of the
subject, wherein the marker comprises a graphical pattern,
an image processing unit for detecting said marker in said
video data, and an analysis unit adapted to extract a vital sign
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parameter related to the vital sign of the subject from said
video data and to determine the vital sign from said vital sign
parameter.

[0009] There is an increasing need to verify the calibration
of these vital signs detectors, in particular cameras, once
they are used widely in hospitals. Also, prior to admitting
new detectors to the market, these detectors may need to be
tested for the sake of adequate performance. Since the vital
signs should be highly reliable to safely monitor the
patient’s health in high-risk (hospital) environments, correct
calibration is crucial.

[0010] Wieringa et al. “CONTACTLESS MULTIPLE
WAVELENGTH PHOTOPLETHYSMOGRAPHIC Imag-
ing: A FIRST STEP TOWARD “SpO, Camera” Technol-
ogy”, Annals of Biomedical Engineering, Vol. 33, No. 8§,
August 2005, discloses a route toward contactless imaging
of arterial oxygen saturation (SpQO,) distribution within
tissue, based upon detection of a two-dimensional matrix of
spatially resolved optical plethysmographic signals at dif-
ferent wavelength.

SUMMARY OF THE INVENTION

[0011] TItis an object of the present invention to provide a
method, a device and a system for enabling to analyze a
property of a vital sign detector such that the vital signs can
be detected with improved accuracy.

[0012] In a first aspect of the present invention a method
for enabling to analyze a property of a vital sign detector is
provided that comprises the steps of providing a virtual
phantom of a living being, rendering one or more artificial
vital signs on the virtual phantom, and outputting the virtual
phantom with the rendered one or more artificial vital signs
to the vital sign detector.

[0013] Ina further aspect of the present invention, a device
for enabling to analyze a property of a vital sign detector is
provided that comprises a virtual phantom providing unit for
providing a virtual phantom of a living being, a vital sign
rendering unit for rendering one or more artificial vital signs
on the virtual phantom, and an output unit for outputting the
virtual phantom with the rendered one or more artificial vital
signs to the vital sign detector.

[0014] Inyet further aspects of the present invention, there
are provided a computer program which comprises program
code means for causing a computer to perform the steps of
the method disclosed herein when the computer program is
carried out on a computer as well as a non-transitory
computer-readable recording medium that stores therein a
computer program product, which, when executed by a
device, causes the method disclosed herein to be performed.
[0015] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed device, computer program and computer-readable
recording medium have similar and/or identical preferred
embodiments as the claimed method, as defined in the
dependent claims and as disclosed herein.

[0016] The present invention achieves an improved detec-
tion of vital signs with higher accuracy by enabling to more
reliably analyze properties of the vital sign detector. The
property may be related to a calibration procedure or a test
procedure defined by the steps of the method claimed herein.
Alternatively, the analyzed property may be evaluation of
motion robustness or other properties of the vital sign
detector. Further, the virtual phantom may be used to prove
or at least determine the likelihood of a vital sign detector
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using a particular algorithm (e.g. for robust pulse-rate
extraction, or SpO,-computation).

[0017] A virtual phantom is a specially designed object
that is scanned or imaged in the field of medical imaging to
evaluate, analyze, and tune the performance of various
imaging devices. The virtual phantom may contain the form
of a face or a full body of a living being such as human,
preferably a neonate. The phantom may be an image of a
natural human face or body, or an image of a mannequin.

[0018] The virtual phantom may be generated by the
device which carries out the claimed method, preferably a
computer carrying out a corresponding software program.
Alternatively, the virtual phantom may be generated by an
external entity and subsequently transferred to the device to
carry out the claimed method, e.g. via a communication
interface or via wireless communication. The virtual phan-
tom may be displayed on a display unit such as a RGB
monitor.

[0019] The artificial vital signs may be associated with a
pulse activity such as blood pressure, blood concentration
(e.g. oxygen, glucose, bilirubin, CO, CO,, . . .), pulse rate
(e.g. in the range 40-240 beats per minute (bpm)), oxygen
saturation (SpO,), and photoplethysmography (PPG) ampli-
tude (e.g. a defined set of decreasing SpO, values starting at
a saturation level of 100% down to 60%). The artificial vital
signs may be alternatively associated with a respiratory
activity such as respiratory rate (e.g. in the range 70-100
bpm) and vital capacity. In addition, the artificial vital signs
may be associated with a motion such as one that is typical
for chest breathing or abdominal breathing, or one that is
typical for entering or leaving a bed, or one that is typical for
various sleep stages such as body stretching or muscle
contraction. The artificial vital signs may also be associated
with a body temperature or any other physiological param-
eter.

[0020] The term “artificial” indicates that the vital signs do
not actually originate from the virtual phantom itself. In
particular, the artificial vital signs may be generated by using
previously obtained results of vital sign measurements pet-
formed on a natural living being or natural tissues. Alterna-
tively or additionally, the artificial vital signs may be, in
contrast to natural vital signs of a natural living being or
tissue, generated using computer simulation involving a
mathematical model.

[0021] The artificial vital signs may be rendered using one
or more phantom parameters for characterizing the provided
virtual phantom. For instance, illumination of a human face
or a scene background of the human face may be used as
phantom parameters, so that a certain level of illumination
and a certain scene background can be mimicked.

[0022] The artificial vital sign(s) may be rendered on the
virtual phantom by means of a user interface, on which a
parameter such as a numeral value or a text string, e.g. color,
type of motion or activity level, may be selected.

[0023] The vital sign detector may be a vital sign camera,
in particular a remote PPG camera or a sleep-actigraphy
camera. It can also be a pulse oximeter or any other detector
suitable for detecting a physiological parameter of a living
being. Remote PPG is generally known in the art and
described in many documents, e.g. in Verkruysse et al.,
“Remote plethysmographic imaging using ambient light”,
Optics Express, 16 (26), 22 Dec. 2008, pp. 21434-21445.

[0024] By outputting the virtual phantom, on which the
artificial vital sign is rendered, to a vital sign detector, the
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present invention enables to analyze a property, e.g. to
determine a setting related to calibration or testing of the
vital sign detector. Virtual phantoms are made easily avail-
able and also configurable according to the actual need of the
user. For instance, there can be a set of virtual phantoms
each corresponding to a specific body part or a body part
during a specific stage of an illness or treatment. Also, since
the artificial vital sign is rendered independently from the
vital sign detector, the reliability of the determination of the
setting is increased. The present invention is particularly
advantageous when a large number of vital sign detectors
need to be calibrated or tested.

[0025] It is noted that providing a virtual phantom may
mean creating or generating a new virtual phantom, or
alternatively transferring or copying an existing virtual
phantom. Further, it is also noted that outputting a virtual
phantom may mean displaying a virtual phantom, or alter-
natively transferring a virtual phantom.

[0026] Preferably, at least one of the rendered artificial
vital signs is temporally varying. For instance, when a value,
e.g. amplitude, is assigned to the artificial vital sign, the
artificial vital sign may vary temporally in its value. When
the artificial vital sign refers to a motion of a living being
that is to be identified by a vital sign detector, e.g. entering
or leaving a bed, the artificial vital sign may vary temporally
during various stages of the respective motion. In this way,
dynamic vital signs can be rendered on the virtual phantom,
so that the calibration or testing of the vital sign detector can
take a variety of health conditions/states of a living being, in
particular a patient or neonate, into account. This advanta-
geously increases the reliability of the calibrated or tested
vital sign detector. The rendered artificial vital sign may also
be assigned a selection of parameters such as color, type of
motion or activity level. Preferably, a static signal for a first
artificial vital sign (e.g. SpO,) may be rendered based on a
time-varying signal for a second artificial vital sign (e.g. the
pulse).

[0027] In particular, the rendered artificial vital sign may
comprise a periodic variation of a shape, a volume, a
position, an orientation and/or a color of the provided virtual
phantoni. Since a plurality of vital signs including pulse
signals, respiratory signals and SpO, signals show periodic
behaviors, the present invention enables to mimic natural
human body parts or tissues with high accuracy using the
virtual phantom. The color of the provided virtual phantom
may be a pseudo-color which indicates the case where the
“color” variations are rendered in the near-infrared (NIR)
spectral range, so that the variations are not visible in
contrast to color vatiations in the visible spectral range.
[0028] For instance, for the case that the virtual phantom
contains the form of a human face, the artificial vital sign
may comprise the skin color that varies periodically. thereby
mimicking a periodic change in skin color of a natural
human face due to the varying blood volume in the skin
during the cardiac cycles or due to respiration. In this case,
the artificial vital sign may be the pulse or pulse-rate or
respiratory rate that can be output to the vital sign detector.
[0029] Alternatively, the rendered artificial vital sign may
comprise a non-periodic variation of a shape, a volume, a
position, an orientation and/or a color of the provided virtual
phantom. For instance, the virtual phantom may contain a
whole human body, wherein the artificial vital sign may
comprise the body orientation that varies in a non-periodic
manner, thereby mimicking a change in the body orientation
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of aperson during sleep or when entering or leaving the bed.
In this case, the artificial vital sign may be the (average)
frequency of turning the body during sleep, or a discrimi-
nation between the various sleep stages (shallow/deep sleep,
REM-sleep, etc.).

[0030] Preferably, the step of providing and/or rendering
comprises projecting, emitting and/or absorbing a plurality
of images of the living being each for a corresponding
wavelength. This enables to more easily generate a virtual
phantom with the rendered artificial vital signs by using one
or more projectors while maintaining the accuracy of the
artificial vital signs.

[0031] In particular, the projected plurality of images each
for a corresponding wavelength may be overlaid over each
other. The overlaying may comprise an optical overlay, a
spatial mixing (e.g. Bayer-pattern) or a temporal mixing
(e.g. color-sequential). This allows the use of a light modu-
lator, a micro-mirror device or a liquid crystal display (LCD)
with a separate near-infrared (NIR) filter for a light source
of the projector(s).

[0032] Preferably, the step of rendering is achieved by
modulating a light signal to be emitted/absorbed from/by the
provided virtual phantom, and/or by using a time sequential
emission or absorption of a light signal to be emitted or
reflected from the provided virtual phantom. The accuracy
of the rendered vital signs is further improved. An Organic
Light Emitting Diode (OLED) that provides a curved sur-
face may be used to enable a 3D light-emitting phantom.
[0033] Preferably, the step of rendering comprises varying
an absorption of a light signal by the provided virtual
phantom. This may be achieved in combination with using
a display for displaying the virtual phantom with the ren-
dered artificial vital signs. In this way, the display is a
passive display which does not emit light but rather locally
varies its absorption of light. In particular, a surface of the
display may be configured to modulate the absorption. If this
surface is illuminated, the artificial vital sign can be mea-
sured from the varying reflected light. This resembles the
skin more than a light-emitting phantom. The modulation of
absorption may be achieved by using an LCD. In particular,
the reflecting surface behind the LCD-modulator provides a
reflective display. The surface can be further curved in order
to resemble natural skin under real illumination conditions
even more. The phantom may take the form of a doll. The
display may be flat or curved.

[0034] Preferably, the step of rendering comprises emit-
ting, reflecting, spatially and/or temporally varying an irra-
diation in one or more wavelength intervals from a range
between 200 nm and 1200 nm.

[0035] Preferably, the rendered artificial vital sign com-
prises skin-tone variations over time reflecting the effects of
pulse and respiratory signals as typically detectable with
(remote) PPG-cameras on a natural person, i.e. with the
detected relative amplitude being a function of wavelength.
[0036] Preferably, the output unit comprises a color moni-
tor, a light modulator, a micro-mirror element, a projection
display and/or a liquid crystal display (LCD) element. These
examples of the output unit, e.g. display unit, enables to
output or display the virtual phantom with the rendered
artificial vital signs more reliably to the vital sign detector,
e.g. vital sign camera, for the purpose of calibration or
testing.

[0037] Preferably, the output unit is configured to operate
in a non-visible, in particular near-infrared (NIR) spectral
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range and/or the LCD element comprises a NIR filter. This
enables to mimic a natural body part showing natural vital
sign(s) that can be detected in an environment with low
illumination such as at night.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter. In the following drawings
[0039] FIG. 1 shows a schematic block diagram of a first
embodiment of a device according to the present invention;
[0040] FIG. 2 shows a schematic block diagram of a
method according to the present invention; and

[0041] FIG. 3 shows illustratively an example of a user
interface for configuring a virtual phantom and a plurality of
artificial vital signs to be rendered on the virtual phantom.

DETAILED DESCRIPTION OF THE
INVENTION

[0042] Vital signs such as blood volume pulse which
induces a periodic change in the color of human skin can be
detected using contact (PPG) sensors, and more recently
using video cameras (rPPG). In this way, various vital signs
(pulse, oxygenation level, respiration, etc.) can be moni-
tored. Similarly, such sensors, in particular cameras, are
utilized to monitor patient movements for sleep actigraphy
and/or respiratory movement detection.

[0043] There is an increasing need to verify the calibration
of these vital sign detectors e.g. vital sign cameras, once they
have been introduced widely in hospitals. Also, prior to
admitting new detectors to the market, the detectors may
need to be tested for the sake of adequate performance.
[0044] To this end, the current invention proposes to use
a virtual phantom, e.g. containing the form of a human body
part (e.g. face) or a full-body, in an environment rendered at
a monitor where the rendered skin mimics a natural body
part/full-body showing one or more vital signs associated
with the body part or full-body.

[0045] Such vital sign(s) may be “generated” on the
virtual phantom, thereby leading to artificial vital signs
rendered on the virtual phantom. For instance, for the case
of the virtual phantom having the form of a human face, the
artificial vital sign may comprise periodic variations of the
skin color. Such a behavior of skin color can usually be
observed on a natural human face due to pulse and/or
respiration. Therefore, the rendered artificial vital signs
enable to mimic a natural human face whose skin color
changes periodically due to pulse and/or respiration.
[0046] The rendering of artificial vital signs involves the
application of a mathematical model, in particular associated
with parameters such as the shape, orientation, and color of
the head, or full body. The parameters can be easily changed
in order to mimic specific pulse-rates, respiratory signals
and/or SpO, values that can be detected using vital signs
cameras registering the virtual phantom. The virtual phan-
tom, in particular together with the rendered artificial vital
sign(s), may be provided by means of a software being run
on a general purpose computer. Alternatively, the virtual
phantom may be provided by means of a standalone device
including the rendered artificial vital sign(s) to be registered
by the vital signs camera under test.

[0047] FIG. 1 shows a schematic block diagram of a first
embodiment of a device 10 for enabling to determine a
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setting of a vital sign detector 20. The device 10 comprises
a virtual phantom providing unit 12 for providing a virtual
phantom 14 of a living being. The living being may be a
human and the virtual phantom 14 may accordingly have the
form of a human face, as shown in FIG. 1.

[0048] Preferably, the human face is computed from a
mathematical model run on the computer and exhibits
temporal, in particular periodic variations in the skin color
of the displayed face, e.g. one period or cycle per second.
Such computed variations in the skin color mimic a periodic
change caused by a pulse and/or a respiratory activity of a
human being. Under illumination using visible light, the
temporal variations in the skin color due to respiration
and/or pulse are strongest in the green portion and weakest
in red portion of the visible spectrum. This can be mimicked
by displaying a computed human face which exhibits com-
puted temporal variations in the skin color.

[0049] Further preferably, the display of the output unit 18
is capable of emitting or reflecting variable visible light, e.g.
red (600-700 nm), green (500-600 nm) and blue (440-500
nm). Alternatively or additionally, the display of the output
unit 18 is capable of emitting of reflecting variable NIR
radiation of a plurality of different wavelength intervals, e.g.
a first band around a center wavelength of 660 nm, a second
band around a center wavelength of 800 nm and a third band
around a center wavelength of 900 nm.

[0050] The virtual phantom providing unit 12 may com-
prise a communication interface or a wireless connection for
transferring a prepared virtual phantom from an external
entity, e.g. a storage medium or a communication network.
The virtual phantom providing unit 12 may alternatively or
additionally be configured to generate the virtual phantom
14 on its own, e.g. by means of computer simulation or by
selecting from a plurality of optional virtual phantoms.
[0051] The device 10 further comprises a vital sign ren-
dering unit 16 for rendering an artificial vital sign on the
virtual phantom 14. The artificial vital sign may be rendered
by using previously obtained results of vital sign measure-
ments performed on a natural living being or natural tissues.
Alternatively or additionally, the artificial vital sign may be,
in contrast to natural vital signs of a natural living being or
tissue, rendered using computer simulation involving a
mathematical model. Preferably, the vital sign rendering unit
16 is configured to use a computer program to compute the
artificial vital sign based on the mathematical model. In
particular, artificial vital signs are added to the provided
phantom using a mathematical model, or are based on a
pre-recorded data-set that may have been recorded from a
living being (e.g. human).

[0052] The device 10 further comprises an output unit 18
for outputting the virtual phantom 14 together with the
rendered artificial vital sign to the vital sign detector 20. The
output unit 18 is preferably, but not restricted to, a display
unit for displaying the virtual phantom 14, in particular a
monitor, e.g. an RGB color monitor. Alternatively, the
output unit 18 may comprise a communication interface, a
data interface and/or a storage unit. The virtual phantom 14
may comprise a synthetic video that can be displayed on an
LCD monitor of the output unit 18.

[0053] Further preferably, the vital sign detector 20 may
be a vital sign camera, e.g. an RGB camera, or a video health
monitor. The vital sign detector 20 is connected to or
contains itself a detector display unit 22, e.g. an RGB
camera display, for displaying a detected vital sign signal.
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The detected vital sign signal comprises preferably a
detected virtual phantom 24 received from the output unit 18
as shown in FIG. 1, further preferably together with one or
more rendered artificial vital signs. In another embodiment,
a contact sensor can be attached to the output unit 18,
preferably the monitor, to be calibrated. In this case, the
virtual phantom 14 may take the form of a piece of skin
and/or a finger of a living being.

[0054] Based on the detected vital sign signal, a setting of
the vital sign detector 20 can be determined. Preferably, the
vital sign detector 20 can be calibrated or tested based on the
received virtual phantom 24. For instance, the artificial vital
sign rendered on the virtual phantom 14, 24 is preferably
associated with a predetermined parameter such as a
numeral value or a text description of a physiological state
or category. Since the parameter is predetermined, the
detected vital sign signal is associated with a known param-
eter, e.g. a known numeral value or a known physiological
state or category. Based on the known parameter, the cali-
brated or tested vital sign detector 20 can be operated in
order to detect a vital sign.

[0055] The temporal variations in the aforementioned
example can be detected by the vital sign detector 20. In
particular, the vital sign detector 20 may be configured to
determine the vital sign as pulse and/or respiration with a
predetermined pulse rate or respiratory rate by detecting a
maximum in the color variation of the green portion of the
visible spectrum while detecting a minimum in the color
variation of the red portion of the visible spectrum.

[0056] The vital sign detector 20 may comprise a video
health monitor operating in the near-infrared (NIR) spec-
trum range. In particular, the video health monitor may be
operated under NIR illumination by the device 10, e.g. by a
display of the output unit 18.

[0057] The display may comprise a projection display,
onto which a plurality of images, each using light with a
different wavelength, can be projected from one or more
projectors, in order to provide the virtual phantom and/or to
render the artificial vital sign. Preferably, the plurality of
images are overlaid on top of each other in order to achieve
optical superposition. This allows the use of an existing
light-modulator, e.g. a micro-mirror device, or an LCD with
a separate NIR-filter for the light-source used in each of the
individual projectors. Further options for the display may
include an array of light-emitters, and an array of light-
modulators. Also a single modulated light-source (e.g. for a
predetermined wavelength) can be used in combination with
a scanning mechanism. (O)LED-arrays may be used that can
operate in the NIR spectrum range.

[0058] The display of the output unit 18 may comprise a
display using time-sequential emission of various wave-
lengths. In this case the, possibly time-varying, intensities
per wavelength are multiplexed in time. The multiplexing of
the intensities should be fast enough to guarantee that they
are seen as simultaneously by the vital sign detector under
test. This mode of operation is known from color sequential
slide-projectors (beamers) that multiplex the red, green and
blue color channels fast enough for them to be perceived by
the human observer as being simultaneously available. Just
like the human observer, the vital sign detection means
typically have an integration time, which should be long
compared to the cycle length of the color sequential multi-
plexing. Alternatively or additionally, the virtual phantom
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providing unit 12 may be configured to use time-sequential
emission of various wavelengths.

[0059] The display of the output unit 18 may be a passive
display, i.e. the virtual phantom and/or the artificial vital sign
is not achieved based on light emitted from the display itself
but rather based on locally varying the absorption level of
light.

[0060] Preferably, the artificial vital sign such as pulse-
rate and/or the respiratory rate may be rendered on the
virtual phantom so that it varies over time. This can be
achieved by simulating a temporally varying skin color of a
human face using a mathematical model. For instance, the
temporal or periodic variations of the skin color may be
simulated to correspond to a pulse rate within a range, e.g.
30-240 beats per minute (bpm). In this way, irregular respi-
ratory (apnea) and pulse (arrhythmia) signals may be mod-
eled. Further, the relative pulsatilities in different (e.g. NIR)
wavelengths may be varied to mimic different SpO, values
of a patient. For a subject with a near 100% arterial
oxygenation, the pulsatility around 650 nm is very low
compared to the relative pulsatility around other wave-
lengths (e.g. 800 nm). If the oxygenation level decreases in
an unhealthy subject, the pulsatility around 650 nm
increases relative to the strength at other wavelengths. The
phantom could be configured to slowly cycle through the
complete range of SpO2-values (e.g. 60% up to 100%) by
varying the relative pulsatility in a band between 620 nm and
770 nm compared to the pulsatility at 800 nm (or another
wavelength that has been selected). For any emulated SpO2-
value the accuracy of the detector can consequently be
established.

[0061] In yet other embodiments, instead of a face, a
whole body of a patient is provided as the virtual phantom.
Preferably, artificial vital signs comprising one or more
motions are rendered on the patient body, e.g. motions that
are typical for chest and/or abdominal breathing. Further
preferably, such motions can be rendered as visualization of
blanket movements due to motion of a person during sleep.
[0062] Further foreseen are embodiments where a person
is rendered entering/leaving a bed to provide testing tools for
camera-based bed-leave/entrance/falling detection. Again
the rendering may be based on a mathematical model, or a
visualization may be rendered from pre-recorded subjects
performing the action under different conditions that could
contain challenges for the detector under test.

[0063] Finally, the rendered person may exhibit move-
ments typical for various sleep stages in order to test validate
sleep-staging devices.

[0064] FIG. 2 shows a schematic block diagram of a
method for enabling to analyze a property of a vital sign
detector 20. The method comprises the steps 201-203. In
step 201, a virtual phantom 14 of a living being is provided.
In step 202, an artificial vital sign is rendered on the virtual
phantom 14. In step 203, the virtual phantom 14 is output to
the vital sign detector 20 together with the rendered artificial
vital sign.

[0065] FIG. 3 shows illustratively an example of a user
interface 30 for configuring a virtual phantom and a plurality
of artificial vital signs to be rendered on the virtual phantom.
[0066] The user interface 30 comprises a plurality of
function buttons 32a-32f each for configuring an artificial
vital sign. For instance, the function buttons 32a-32f may be
used to configure the artificial vital signs “PPG Amplitude”,
“Pulse Rate” and “Motion”, respectively. Further, function
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buttons for configuring phantom parameters, preferably
“Ethnicity”, “Illumination” and “Scene Background”, may
also be provided for configuring artificial vital signs related
to the phantom parameters. Further examples for phantom
parameters are strength and/or orientation of'the light source
and (possibly flickering) backgrounds that can be provided
as additional challenges for the device under test, or to be
calibrated. Preferably, the phantom parameter and/or artifi-
cial vital sign appear as a text string on the respective
function button 324-32f.

[0067] Under each of the function buttons 32a-32f one or
more selection fields are provided. For instance, under the
fanction button 324 for configuring “Ethnicity”, a number of
selection bars 345 are listed (e.g. indicating skin-tones with
different values on the Fitzpatrick scale) together with a
selection activation circle 34a. After selecting the function
button 32a¢ which highlights the latter, the user can use a
mouse or another pointing element to effect a selection
among the selection bars 345 by clicking the corresponding
selection activation circle 34a, which highlights the latter.
The selection bars 345 under “Ethnicity” may represent
“Pale White”, “White”, “Cream White”, “Moderate Brown”,
“Dark Brown” and “Dark”, or any value in the range of
Fitzpatrick’s scale of skin-tones.

[0068] The highlighting may appear as filling the clicked
selection activation circle 34a. Alternatively, as shown
under the function button 325 for configuring “Illumination”
in FIG. 3, a square may be used instead of a circle for
selecting from the selection bars 36, which exemplarily
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could represent “Intensity”, “Position (az, el)” and “Source
Color (RGB)”.

[0069] Another way of selection under a chosen function
button 32a-32f'is shown under the function button 32¢ for
configuring “PPG Amplitude”. A level bar 384 is provided
for selecting a level being high, middle or low, which can be
done by clicking on a downward arrow 386 adjacent to the
level bar 384. Similarly, the selection under the function
button 324 “Pulse Rate” can be done by choosing a value for
pulse rate shown in a level bar 404 by clicking a downward
arrow 405 adjacent to the level bar 40a.

[0070] Under the function button 32e for configuring
“Motion”, the user can activate a first selection bar 416
representing “Motion Rate” by clicking a corresponding
activation field 41a. The same can be done with a second
selection bar 41c. A maximum bar 424 is subordinated to the
first selection bar 415 for choosing a maximum motion rate
by clicking a rightward arrow 42b. Analogously, a minimum
motion rate can be chosen by clicking a leftward arrow, as
shown in FIG. 3. A plurality of selection fields 43a repre-
senting different types of motions, preferably “Translation”,
“Rotation”, “Scaling” and “Mixed”, are subordinated to the
second selection bar 41c.

[0071] The function button 32f for configuring “Scene
Background™ has a plurality of selection bars 44, preferably
representing “Light Frequency”, “Color (RGB)” and “Inten-
sity”. These selection bars 44 can be activated analogously
to the selection bars 345 and 36.

[0072] By using the function buttons 32¢-32f in combi-
nation with their corresponding subordinated selection
fields, the user can configure a virtual phantom and render
one or more artificial vital signs on the virtual phantom. In
a display element 46, the configured virtual phantom 47 can
be displayed, which takes the selected phantom parameter(s)
and/or rendered artificial vital sign(s) into account.
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[0073] A diagram display element 48, 50 may be provided
to display a value of an artificial vital sign, preferably a
temporal and/or periodic evolution or variation of the arti-
ficial vital sign. Such a temporal and/or periodic evolution or
variation may be configured using one or more of the
function buttons/selection fields provided on the user intet-
face 30.

[0074] On the left lower corner of the user interface 30, an
image selection field 52 may be provided for displaying the
virtual phantom 47 as a static image, while a video selection
field 54 is provided for displaying the virtual phantom 47 as
avideo clip. A clear button 56 may be available provided for
clearing one or more selection previously made, and possi-
bly return to a default setting.

[0075] The user interface 30 may be displayed on the
output unit 18, the detector display unit 22 or another
(external) entity. Further, the user interface 30 may be used
to calibrate or test a camera-based, or contact-based motion-
robust pulse-rate detector.

[0076] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments. Other variations
to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed
invention, from a study of the drawings, the disclosure, and
the appended claims.

[0077] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single element or
other unit may fulfill the functions of several items recited
in the claims. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advan-
tage.

[0078] Any reference signs in the claims should not be
construed as limiting the scope.

1. A method for enabling to calibrate a vital sign camera,
comprising the steps of:

providing a virtual phantom of a living being;

rendering one or more artificial vital signs on the virtual

phantom, wherein the step of rendering comprises
modulating a light signal to be emitted from the pro-
vided virtual phantom;
outputting the virtual phantom with the rendered one or
more artificial vital signs to the vital sign camera; and

determining a calibration setting of the vital sign camera
based on one or more vital sign signals obtained by
measuring the modulated light signal emitted from the
virtual phantom.

2. The method according to claim 1, wherein at least one
of the rendered one or more artificial vital signs is tempo-
rally varying.

3. The method according to claim 2, wherein the rendered
one or more artificial vital signs comprise a periodic varia-
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tion of a shape, a volume, a position, an orientation and/or
a color of the provided virtual phantom.

4. The method according to claim 1, wherein the rendered
one or more artificial vital signs are associated with a pulse
activity, a respiratory activity, a concentration of a blood-
component, a blood-pressure and/or a motion of the living
being.

5. The method according to claim 1, wherein the step of
rendering comprises projecting a plurality of images of the
living being each for a corresponding wavelength.

6. The method according to claim 5, wherein the step of
rendering further comprises overlaying the projected plural-
ity of images over each other.

7. (canceled)

8. The method according to claim 1, wherein the step of
rendering comprises using a time sequential emission or
absorption of a light signal to be emitted or reflected from
the provided virtual phantom.

9. The method according to claim 1, wherein the step of
rendering comprises varying an absorption of a light signal
by the provided virtual phantom.

10. The method according to claim 1, further comprising
assigning a value to at least one of the rendered one or more
artificial vital signs and/or identifying a motion associated
with at least one of the rendered one or more artificial vital
signs.

11. A device for enabling to calibrate a vital sign camera,
comprising:

a virtual phantom providing unit for providing a virtual

phantom of a living being;

a vital sign rendering unit for rendering one or more

artificial vital signs on the virtual phantom, wherein the
vital sign rendering unit is configured to modulate a
light signal to be emitted from the provided virtual
phantom;

an output unit for outputting the virtual phantom with the

rendered one or more artificial vital signs to the vital
sign camera; and

means for determining a calibration setting of the vital

sign camera based on one or more vital sign signals
obtained by measuring the modulated light signal emit-
ted from the virtual phantom.

12. The device according to claim 11, wherein the output
unit comprises a color monitor, a light modulator, a micro-
mirror element, a projection display and/or a liquid crystal
display (LCD) element.

13. The device according to claim 12, wherein the output
unit is configured to operate in a near-infrared (NIR) spectral
range and/or the LCD element comprises a NIR filter.

14. (canceled)

15. A computer program comprising program code means
for causing a computer to carry out the steps of the method
as claimed in claim 1 when said computer program is carried
out on the computer.
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