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(57) Abstract: The present invention relates to a device and
method for reliably and accurately obtaining respiratory in-
formation of a subject despite motion of the subject. The pro-
posed device comprises a motion signal computing unit (30)
for computing a number M of motion signals for a plurality
of pixels and/or groups of pixels of at least a region of in-
terest for a number N of image frames of a subject, a trans-
formation unit (32) for computing, for some or all M motion
signals, a number of source signals representing independent
motions within said images by applying a transformation to
the respective motion signals to obtain source signals repres-
enting independent motions within said N image frames, and
a selection unit (34) for selecting a source signal from among
said computed source signals representing respiration of said
subject by examining one or more properties of said source
signals for some or all of said computed source signals.
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Device for obtaining respiratory information of a subject

FIELD OF THE INVENTION

~ The present invention relates to a device, method and system for obtaining

respiratory information of a subject.

BACKGROUND OF THE INVENTION

Vital signs of a person, for example the heart rate (HR) or respiratory
information such as the respiratory rate (RR), can serve as a powerful predictor of serious
medical events. For this reason the respiratory rate is often monitored online in intensive care
units or in daily spot checks in the general ward of a hospital. The respiratory rate is one of
the most important vital signs but it is still difficult to measure without body contact. In
present intensive care units, thorax impedance plethysmography or the respiratory inductivé
plethysmography are still the methods of choice, wherein typically two breathing bands are
used in order to distinguish thorax and abdominal breathing motion of a person. However,
these methods are uncomfortable and unpleasant for the patient being observed.

Recently camera-based respiratory signal monitoring has been developed.
With this technology, human respiration can be monitored unobtrusively from a distance with
a video camera, which has advantages over traditional on-body sensor (e.g., ECG or stretch
bands) based solutions. The contactless measurement is realized by analysing the video of a
subject’s chest (or belly) area to measure the periodic respiration motion.

WO 2012/140531 Al discloses a respiratory motion detection apparatus for
detecting the respiratory motion of a person. This detection apparatus detects electromagnetic
radiation emitted and/or reflected by a person wherein this electromagnetic radiation
comprises a continuous or discrete characteristic motion signal related to the respiratory rate
of the person and other motion artifacts related to the movement of the person or related to
ambient conditions. This apparatus increases the reliability of the respiratory rate
measurement by taking into account data processing means adapted to separate the
respiratory rate signal from overall disturbances by taking into account a predefined
frequency band, common predefined direction or an expected amplitude band and/or

amplitude profile to distinguish the different signals.
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Such non-invasive respiratory rate measurements can be accomplished
optically by use of a stationary video camera. A video camera captures the breathing
movements of a patient's chest in a stream of images. The breathing movements lead to a
temporal modulation of certain image features, wherein the frequency of the modulation
corresponds to the respiratory rate of the patient monitored. Examples of such image features
are the average amplitude in a spatial region of interest located around the patient's chest, or
the location of the maximum of the spatial cross correlation of the region of interest in
subsequent images. The quality and the reliability of the obtained vital sign information are
largely influenced by the quality of the input image data influenced by an appropriate

selection of the image contrast and the selected region of interest.

Since it is based on detecting subtle respiration motion in the chest/belly area,
camera-based respiration monitoring is sensitive to subject’s non-respiratory motion; any

non-breathing motion observed in the chest/belly area could introduce measurement errors.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a device, method and system
for obtaining respiratory information of a subject with a higher accuracy and robustness, in
particular with respect to non-breathing motion of the subject.

In a first aspect of the present invention a device for obtaining respiratory
information of a subject is presented that comprises
- a motion signal computing unit for computing a number M of motion signals
for a plurality of pixels and/or groups of pixels of at least a region of interest for a number N
of image frames. of a subject, -

- a transformation unit for computing, for some or all motion signals, a number
of source signals representing independent motions within said images by applying a
transformation to the respective motion signals to obtain source signals representing

independent motions within said image frames, and

- a selection unit for selecting a source signal from among said computed source
signals representing respiration of said subject by examining one or more properties of said
source signals for some or all of said computed source signals.

In further aspects of the present invention a corresponding method as well as a
system for obtaining respiratory information of a subject are presented, said system

comprising an imaging unit for obtaining a number N of image frames of a subject, and a



10

15

20

25

30

WO 2014/124855 PCT/EP2014/052253

3
device as disclosed herein for obtaining respiratory information of the subject by use of said
obtained N images frames of the subject.

In yet 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 processing method when said 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 processor, causes the method disclosed herein
to be performed.

Preferred embodiments of the invention are defined in the dependent claims. It
shall be understood that the claimed method, system, computer program and medium have
similar and/or identical preferred embodiments as the claimed device and as defined in the
dependent claims.

The present invention is based on the idea to determine the respiratory
information, in particular the respiratory rate, from a number of images (e.g. a video stream
or an image sequence obtained by a camera), by several processing steps. First, motion
signals, e.g. in the form of a motion vector field, are pixelwise and/or blockwise (i.e. for local
regions) computed for some or all of the images, at least within a region of interest (e.g. the
chest or belly area of the subject). To said motion signals a transformation, e.g. a blind signal
separation (also called blind source separation), is applied to obtain a set of separated source
signals that represent independent motions within said images. Finally, from said separated
source signals the source signal representing respiration is selected by examining one or more
properties of said source signals, for instance based on the correlation of the separated source
signals with the original motion signals and/or the frequency information of the separated
source signals. In this way, non-breathing related motion can be excluded and a more reliable
and accurate respiration information can be obtained, for instance when unobtrusively
monitoring a neonate that often shows non-breathing related motion.

In a preferred embodiment said transformation unit is configured to compute,
for P of said M motion signals, a number Q of source signals representing independent
motions within said images, wherein 2 <P <M and 2 < Q <P, by applying a transformation
to the respective P motion signals to obtain said Q source signals representing independent
motions within said N image frames. Thus, it is generally possible that less (Q) source signals
than the P motion signals are calculated. Particularly with principal component analysis as
transformation it may be advantageous to stop searching for further components once the

variance drops below a level assumed to be too small to be respiration.
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According to a preferred embodiment said selection unit is configured to
examine, for some or all of said Q source signals, the eigenvalues, the variance, the
frequency, and/or the correlation of the source signal with the corresponding motion signal
and/or a spatial correlation. Thus, one or more options exist for selecting the right source
signal that represents the respiration motion.

In an embodiment said transformation unit is configured to apply a blind
signal separation to the respective motion signals. Such a blind signal separation is a useful
algorithm to separate the observed mixed motion signals into different separated source
signals.

Preferably, said transformation unit is configured to compute a said number of
source signals by applying a principal component analysis (PCA) and/or an independent
component analysis (ICA) to the respective motion signals to obtain the source signals of
length N and a corresponding eigenvalues or variances. These eigenvalues measure the
variance of the original motion signal data in the direction of the corresponding source
signals, i.e. principal components. These analyses are useful tools for implementing the

desired transformation.
With PCA and ICA the source signals are linear combinations of the P motion

signals. In an embodiment the selection is based on weighting coefficients of the combination
(e.g. the strongest weight is given to an area believed to be likely the chest/abdominal area).
It shall be understood that these weighting coefficients are “parameters of the source signal”
in the context of the present invention.

Further, said transformation unit is configured to obtain said number of source
signals of length N with corresponding variances of the data in the direction of the source
signals. In general, the variance of the original data in the direction of the independent signal
is desired. In case of ICA the variance of the data in the direction of the coefficient vectors
from which the independent components are built are preferably used. In case of PCA said
number of source signals of length N is obtained with corresponding variances of the data in
the direction of the principal components.

As explained above various options for selecting the source signal that
represents the respiration signal exist. Often a combination of these various options will be
used to get a reliable selection.

According to one embodiment said selection unit is configured to select a
source signal from among said source signals by use of the eigenvalues or variances and

selecting a source signal having an eigenvalue or variance that is larger than a minimum
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threshold and smaller than a maximum threshold for the eigenvalue. These thresholds can be
empirically determined by checking the reasonable variance of the expected respiration
motion in the image frames. They determine the likely frame-to-frame displacement range
for a breathing subject. This will generally depend on the optics and the distance of camera to
subject, but may be fixed if the range is chosen not too restrictive.

According to another embodiment said selection unit is configured to select a
source signal from among said source signals by use of the dominant frequency of said
source signals, wherein the source signal is selected having a dominant frequency component
within a predetermined frequency range including an expected respiration rate. According to
still another embodiment said selection unit is configured to select a source signal from
among said source signals by use of the correlation of the source signal with the motion
signals and to select the source signal having the highest correlation with motions in the chest
or belly area of the subject. Finally, according to an embodiment said selection unit is
configured to select a source signal from among said source signals by use of a spatial
correlation and to select a source signal having the largest spatially consistent area within the
image frames.

Also for the motion signal computation various options exist. In one
embodiment said motion signal computing unit is configured to compute a dense or sparse
motion vector field comprising said number M of motion signals. In another embodiment
said motion signal computing unit is configured to process said motion vector field by down-

sampling, grouping, averaging or non-linear combining of motion signals, in particular to

save computation costs.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiment(s) described hereinafter. In the following drawings

Fig. 1 shows a diagram depicting the motion of a baby over time,

Fig. 2 shows a diagram of a respiration signal obtained by a known method

compared to a reference signal,
Fig. 3 shows diagram of a device and system according to the present

invention,

Fig. 4 shows a diagram of a motion vector field,

Fig. 5 shows a diagram showing several source signals,
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Fig. 6 shows a diagram of the power spectrum of the source signals shown in

Fig. 5, and
Fig. 7 shows a diagram of a respiration signal obtained by a proposed method

compared to a reference signal.

DETAILED DESCRIPTION OF THE INVENTION

As mentioned above the detection of respiration information is based on
detecting subtle respiration motion of a body portion of the subject (generally a person, but
also an animal) that shows motion caused by respiration, in particular of the chest and/or
belly area. The best locations typically contain edge information (for reliable motion
estimation) and move due to breathing which typically implies they are connected to the
chest or abdominal region (but this can be a blanket covering a neonate, or a shoulder, or a
clear detail on the sweater of an adult). Less likely areas are limbs which tend to move
independently from the respiratory rate, or parts of the bedding not in mechanical contact
with the chest or belly region.

Such unobtrusive, image-based respiration monitoring is sensitive to subject’s
non-respiratory motion, i.e. any non-breathing motion observed in the respective body
portion (e.g. chest and/or belly area) potentially introduces measurement errors.

One main use scenario is contactless respiration monitoring of newborn
infants at a neonatal ICU (NICU; Neonatal Intensive Care Unit). As illustrated in the signal
diagram Fig. 1 depicting the motion (i.e. the percentage of pixels moved) of a baby over time
(i.e. over the frame number F), a baby often has body movements when he/she is awake. The
infant’s non-breathing movements make the respiratory signal measurement noisy or
inaccurate.

Fig. 2 shows a signal diagram of an example of current respiration monitoring
when the infant’s body moves. In particular, the intensity I of a measured respiration signal
R1 obtained from images according to a known method and of a reference respiration signal
R2 obtained by a conventional respiration rate detector (e.g. a wristband type sensor) or any
other appropriate measurement equipment (in this example an ECG sensor) are compared
over time (i.e. over the frame number F). As can be seen, the measured respiration signal R1
is not accurate.

Image-based (or camera-based) respiration monitoring is based on detecting
the breathing motion particularly in the chest/belly area. In practice, besides respiration, other

non-breathing motion the subject has (e.g. body movement) and noise also cause motion in
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the chest/belly area. Therefore, the observed motion signals are actually a mixture of
breathing motion, non-breathing motion and noise, e.g. due to estimation errors. It is assumed
that these sources are uncorrelated. According to the present invention, it is proposed to apply
a transformation (e.g. a blind signal (source) separation technique, such as PCA (Principal
Component Analysis) or ICA (Independent Component Analysis)) to separate the observed
mixed motion signal (showing different contribution from different motion and noise) into
different sources, and then select the source signal that represents respiration.

Fig. 3 shows a first exemplary embodiment of a device 10 for obtaining
respiratory information of a subject 12 according to the present invention. The subject 12 lies
in a bed 14, wherein the head of the subject 12 is located on a pillow 16 and the subject 12 is
covered with a blanket 18. The device 10 comprises an imaging unit 20 (e.g. a video camera)
for acquiring a set of image data 22 (i.e. an image sequence or video data comprising a
number of image frames) detected from a body portion 24 of the subject 12 showing a motion
caused by respiration, in particular from the chest or belly area. The device 10 together with
the imaging unit 20 form a system 1 as proposed according to the present invention.

In general, the device 10 comprises a motion signal computing unit 30 for
computing a number M of motion signals for a plurality of pixels and/or groups of pixels of
at least a region of interest for a number N of image frames of a subject. Further, a
transformation unit 32 is provided for computing, for some or all motion signals, a number of
source signals representing independent motions within said images by applying a
transformation to the motion signals to obtain source signals representing independent
motions within said image frames. Finally, a selection unit 34 is provided for selecting a
source signal from among said computed source signals representing respiration of said
subject by examining one or more properties of said source signals for some or all of said
computed source signals.

The motion signal computing unit 30, the transformation unit 32 and the
selection unit 34 can be implemented by separate elements (e.g. processors or software
functions), but can also be represented and implemented by a common processing apparatus
or computer. Embodiment of the various units will be explained in more detail in the
following.

For the input images (e.g. video stream or image sequence) acquired by the
imaging unit 20 (e.g. a RGB camera, infrared camera, etc.), a motion vector field is first
calculated in an embodiment of the motion signal computing unit 30. Many options for

motjon estimation, both sparse and dense, are possible and useful. For example, an optical
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flow algorithm as described in Gautama, T. and Van Hulle, M.M., A Phase-based Approach
to the Estimation of the Optical Flow Field Using Spatial Filtering, IEEE Trans. Neural
Networks, Vol. 13(5), 2002, pp. 1127-1136, can be applied to obtain a dense motion vector
field as e.g. shown in Fig. 4. Alternatively, a block-matching motion estimation algorithm as
described in G. de Haan, P.W.A.C Biezen, H. Huijgen, and O.A. Ojo, True Motion -
Estimation with 3-D Recursive Search Block-Matching, IEEE Trans. Circuits and Systems
for Video Technology, Vol. 3, 1993, pp. 368-388, or a segment-based motion estimation can
be applied to obtain a motion vector per block/group/segment of pixels. Finally, Lucas-
Kanade (KLT) feature tracker (or similar algorithms) can be adapted and used to find
correspondence of local feature points and generate a sparse motion vector field. It is also
possible and efficient to calculate motion only for so-called feature-points, e.g. detected with
a Harris detector, which leads to a sparse vector field (not available for all locations) that can
be input to the further algorithm. |

Instead of computing motion vectors on the whole image frame, a region of
interest (ROI) can be selected manually or automatically for motion vector calculation.
Further, to reduce the computational cost, the dense or block-based calculated motion vector
field can also be down-sampled before further processing. Also a segment-based or sparse
vector field can be pre-processed to (further) reduce the number of motion vectors provided
to subsequent processing. This pre-processing may involve down-sampling or grouping, and
may involve non-linear combining of motion vectors using median filters, trimmed mean
filters, etc.

Given the computed motion vectors, the motion signal for a plurality or each
Jocal region in the ROI is calculated, based on motion vectors inside.the region. The local
region can be a pixel (e.g. after down-sampling mentioned above) or a number of pixels (e.g.,
3x3 pixels). The motion signal can be the median of mean of motion vectors inside the
region. The motion signal at each position over N frames (e.g., N=50) is one data sample of
length N. Assuming there are M points (or regions) in the ROI, a data matrix of M*N is
obtained for further processing.

In an embodiment of the transformation unit 32 a blind signal separation
algorithm as generally known in the art (for example, described in Cardoso, J.-F., Blind
signal separation: statistical principles, Proceedings of the IEEE, 86(10), Oct 1998, pp. 2009 -
2025) (e.g., PCA) or a combination of them (e.g., PCA and ICA) is applied to the data matrix

of motion signals, resulting in a set of separated source signals.
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In one embodiment, PCA is adopted. The input data (MxN) for the PCA,

obtained from the above explained embodiment of the motion signal computing unit 30,
represents the motion of M regions over N frames in the sequence of image frames. Each of
these M regions gives a motion signal with length N. By applying PCA to the MxN data
matrix, a number of eigenvectors (of length M) is obtained with corresponding eigenvalues.
An eigenvector contains the weights given to each of these M signals to provide a weighted
average motion signal (i.e. source signal, also called principal component). The signals
corresponding to individual eigenvectors are orthogonal, i.e. their covariance equals zero. In
yet other words, they represent independent motions in the video. One of these is expected to
be the respiration motion, which shall be found amidst distracting motion components in the
sequence of image frames. On the other hand, the eigenvalues represent the variance of the
original data in the direction of the corresponding source signal (principal component).

Generally, for M motion signals a number Q of source signals representing
independent motions within said images (wherein 2 <P <M and 2 < Q <P) are computed in
the transformation unit. The maximum number of eigenvectors equals the number of regions
M. In practical situations, however, only a smaller number Q (e.g. 10 or 20 eigenvectors)
with the highest eigenvalue may be used. In an embodiment a selection of the eigenvectors is
used that have an eigenvalue in a reasonable range (for the expected breathing motion). For
instance, in an embodiment a few hundred regions (e.g., M=200) may be considered in the
ROI. The minimum number of regions should not be too low (e.g. not lower than 3).

In an embodiment of the selection unit 34, given a set of separated source
signals (as exemplarily shown in Fig. 5 depicting the intensity I of four source signals over
frame number F), the source signal representing respiration (i.e., providing the largest SNR
for breathing motion) is selected. By examining the eigenvalue, the principal components
with too large or too small eigenvalues (representing large body motion or noises) are
discarded. Fig. 5 shows the remaining principal components obtained for an example video
segment.

In particular, the four signals shown in Fig. 5 are the resulting independent
motion signals obtained by multiplying the eigenvectors with the motion signals from the M
regions. They are different linear combinations of the motion signals from the M regions in
the ROL.

A further (alternative or additional) selection may use the frequency
information of the separated source signals and/or the correlation of the separated source

signals with the original motion signals, as will be explained in the following.
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The respiration motion has certain frequency, for example, for neonates, this
can be [0.5, 1.5] Hz (i.e., [30, 90] bpm). Therefore, the source signal representing breathing is
supposed to have clear peak(s) in this frequency range. Fig. 6 plots the power spectrum
(power p over frequency f) of each signal source shown in Fig. 5. Obviously the first one can
be selected, which represents respiration very well, as shown in Fig. 7 showing the intensity
of the selected source signal R3 compared to the reference signal R2 over frame number F.

According to another embodiment of the selection unit 34 the correlation of
some or each source signal with the original motion signals in the input frames is determined
and examined. The breathing motion is supposed to have high correlation in the chest/belly
area. In practice, the chest/belly area may be known (e.g., automatically detected by used of
image recognition or manually decided). By comparing the correlation of some or each
source signal in the chest/belly area, the source signal representing respiration can be

selected.
According to another embodiment of the selection unit 34 spatial correlations

are analysed and a large consistent segment is looked for. The assumption here is that the
respiration motion is found in a spatially consistent area in the image, the position of which is
roughly known, while the other independent components may occur in more scattered areas

and or areas where it is unlikely that breathing is present.

In summary, comparing the results of the proposed device and method (as e.g.
shown in Fig. 7) with the results of known algorithms (as shown in Fig. 2) on a few video
segments (when the baby has non-breathing motion) it is evident that the proposed device

and method provide a more accurate and robust respiratory signal measurement.

The present invention can be used for camera-based respiration measurement,
using monochrome or color cameras and visible or infrared illumination, and is relevant for
many applications including patient monitoring (including neonate monitoring), home
healthcare, sleep monitoring, sports (monitoring of a person during an exercise), etc.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, 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.

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
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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 advantage.

A computer program may be stored/distributed on a suitable non-transitory
medium, such as an optical storage medium or a solid-state medium supplied together with or
as part of other hardware, but may also be distributed in other forms, such as via the Internet
or other wired or wireless telecommunication systems.

Any reference signs in the claims should not be construed as limiting the

scope.
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CLAIMS:

1. Device for obtaining respiratory information of a subject, comprising:
- a motion signal computing unit (30) for computing a number M of motion
signals for a plurality of pixels and/or groups of pixels of at least a region of interest for a

number N of image frames of a subject,

- a transformation unit (32) for computing, for some or all M motion signals, a
number of source signals representing independent motions within said images by applying a
transformation to the respective motion signals to obtain source signals representing

independent motions within said N image frames, and

- a selection unit (34) for selecting a source signal from among said computed
source signals representing respiration of said subject by examining one or more properties of

said source signals for some or all of said computed source signals.

2. Device as claimed in claim 1,

wherein said transformation unit (32) is configured to compute, for P of said M motion
signals, a number Q of source signals representing independent motions within said images,
wherein 2 <P <M and 2 < Q <P, by applying a transformation to the respective P motion

signals to obtain said Q source signals representing independent motions within said N image

frames.

3. Device as claimed in claim 2,
wherein said selection unit (34) is configured to examine, for some or all of said Q source
signals, the eigenvalues, the variance, the frequency, the correlation of the source signal with

the corresponding motion signal and/or a spatial correlation.

4, Device as claimed in claim 1,
wherein said transformation unit (32) is configured to apply a blind signal separation to the

respective P motion signals.



10

15

25

30

WO 2014/124855 PCT/EP2014/052253

13
5. Device as claimed in claim 1,
wherein said transformation unit (32) is configured to compute said number of source signals
by applying a principal component analysis and/or an independent component analysis to the
respective motion signals to obtain the source signals of length N and corresponding

eigenvalues or variances.

6. Device as claimed in claim 5,
wherein said transformation unit (32) is configured to obtain said number of source signals

of length N with corresponding variances of the data in the direction of the source signals.

7. Device as claimed in claim 1,
wherein said selection unit (34) is configured to select a source signal from among said
source signals by use of the eigenvalues or variances, and selecting a source signal having an

eigenvalue or variance that is larger than a minimum threshold and smaller than a maximum

threshold for the eigenvalue.

8. Device as claimed in claim 1,
wherein said selection unit (34) is configured to select a source signal from among said
source signals by use of the dominant frequency of said source signals, wherein the source

signal is selected having a dominant frequency component within a predetermined frequency

range including an expected respiration rate.

9. Device as claimed in claim.1,
wherein said selection unit (34) is configured to select a source signal from among said
source signals by use of the correlation of the source signal with the motion signals and to

select the source signal having the highest correlation with motions in the chest or belly area

of the subject.

10. Device as claimed in claim 1,
wherein said selection unit (34) is configured to select a source signal from among said

source signals by use of a spatial correlation and to select a source signal from the largest

spatially consistent area within the image frames.
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11. Device as claimed in claim 1,
wherein said motion signal computing unit (30) is configured to compute a dense or sparse

motion vector field comprising said number M of motion signals.

12. Device as claimed in claim 11,
wherein said motion signal computing unit (30) is configured to process said motion vector

field by down-sampling, grouping, averaging or non-linear combining of motion signals.

13. System for obtaining respiratory information of a subject, comprising:

- an imaging unit (20) for obtaining a number N of image frames of a subject,
and

- a device as claimed in any one of claims 1 to 12 for obtaining respiratory

information of the subject by use of said obtained N image frames of the subject.

14. Method for obtaining respiratory information of a subject, comprising:

- computing a number M of motion signals for a plurality of pixels and/or
groups of pixels of at least a region of interest for a number N of image frames of a subject,
- computing, for some or all M motion signals, a number of source signals
representing independent motions within said images by applying a transformation to the
respective motion signals to obtain source signals representing independent motions within
said N image frames, and

- selecting a source signal from among said computed source signals
representing respiration of said subject by examining one or more properties of said source

signals for some or all of said computed source signals.

15. Computer program comprising program code means for causing a computer to
carry out the steps of the method as claimed in claim 14 when said computer program is

carried out on the computer.
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