EP 2 384 420 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 384 420 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
30.03.2016 Bulletin 2016/13
Application number: 09799587.2

Date of filing: 10.12.2009

(51) IntCL:

(86)

(87)

A61B 5/00 (2006.01)
A61B 5/08 (2006.01)
A61B 5/113 (2006.01)

GO1B 11/16 (2006.01)
A61B 5/11 (2006.01)
GO1B 11/25(2006.01)

GO6T 7/00 (2006.01) HO4N 13/02 (2006.07)
International application number:
PCT/EP2009/066790

International publication number:
WO 2010/066824 (17.06.2010 Gazette 2010/24)

(54)

METHOD AND APPARATUS FOR MONITORING AN OBJECT
VERFAHREN UND VORRICHTUNG ZUM UBERWACHEN EINES OBJEKTS
PROCEDE ET APPAREIL PERMETTANT DE SURVEILLER UN OBJET

(84)

(30)

(43)

(73)

(72)

Designated Contracting States:

ATBEBG CHCY CZDE DKEE ES FIFRGB GR
HRHUIEISITLILTLULV MC MK MT NL NO PL
PT RO SE SI SK SM TR

Priority: 11.12.2008 GB 0822605

Date of publication of application:
09.11.2011 Bulletin 2011/45

Proprietor: Pneumacare Ltd
Cambridge CB23 6HJ (GB)

Inventors:

ILES, Richard

Bury St Edmunds Suffolk IP29 4UH (GB)
CAMERON, Jonathan

Grantchester Cambridgeshire CB3 9NT (GB)
ROBERTS, Gareth

Great Shelford Cambridgeshire CB22 5EL (GB)
HILLS, Ward

Duxford Cambridgeshire CB22 4XT (GB)

(74)

(56)

LASENBY, Joan

Hardwick Cambridgeshire CB23 7QN (GB)
WAREHAM, Richard

Cambridgeshire CB4 3SA (GB)

Representative: Stratagem IPM Limited
Meridian Court

Comberton Road

Toft, Cambridge CB23 2RY (GB)

References cited:
EP-A1-1 350 466
WO-A1-02/075245

EP-A1- 1 645 841
DE-A1-4 402 414

LEWIS JRTET AL: "MEASURING THE HUMAN
CHEST WITH STRUCTURED LIGHTING"
PATTERN RECOGNITION LETTERS, ELSEVIER,
AMSTERDAM, NL LNKD-
DOI:10.1016/0167-8655(86)90057-7, vol. 4, no. 5,
1 October 1986 (1986-10-01), pages 359-366,
XP001048506 ISSN: 0167-8655

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 384 420 B1 2

Description

Field of the Invention

[0001] The present invention relates to a method of
monitoring an object and in particular, but not limited to,
monitoring a change in configuration of a person.

Background of the Invention

[0002] There are many applications where monitoring
of a three dimensional configuration of an object can be
implemented, for example monitoring of vital signs, in-
cluding breathing and/or lung function of a person. In
addition, monitoring of lung function can provide data
which can be used to assist in determining the presence
of lung disease which is a global health problem affecting
millions of people. Effective medical managementof lung
disease requires assessment and monitoring of lung
function. This is carried out largely by clinical observation
or by spirometry (a technology developed in the 1930s).
[0003] There are restrictive limitations to present tech-
nologies for monitoring lung function, which fail to satisfy
clinical needs; in particular, spirometry techniques re-
quire alert and co-operative patients to follow instructions
whilst using an apparatus. These techniques are not suit-
able for use on children under 5 years old, for critically ill
or unconscious patients, or for the chronically sick or eld-
erly. Such patients often cannot be assessed or moni-
tored fully, leaving assessment to subjective clinical ob-
servation. This leaves a subjective element to clinical de-
cisions, for example a patient’s transfer from intensive
care to less resource-intensive general care or vice ver-
sa, resulting in inefficient use of resources and sub-op-
timal clinical management.

[0004] Other techniques for monitoring lung function
require physical contact with the patient, for example re-
quiring sensors or reflective markers to be placed on or
attached to the subject. This may be medically inadvis-
able or impossible, for example in critical care situations
such as the monitoring of a burns victim, or the meas-
urement of lung function in premature babies.

[0005] Itis anobject of the invention to overcome such
disadvantages.

Summary of the Invention

[0006] In accordance with one aspect of the present
invention, there is provided a method of monitoring an
object, the method including:

a) projecting a pattern of radiation onto an object for
monitoring;

b) recording at a first instant in time first image data
representing at least a portion of said projected pat-
tern of radiation on the object, said firstimage data
being representative of a three dimensional config-
uration of said object at said first instant in time;
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c)recording ata second instantin time second image
data representing at least a portion of said projected
pattern of radiation on the object, said second image
data being representative of a three dimensional
configuration of said object at said second instant in
time; and

d) processing said first and second image data to
generate differential data representative of a change
in volume of said object between the first and second
instants in time.

[0007] The method of the invention advantageously
provides for monitoring changes of three dimensional
configuration of an object accurately over a period of time.
By using the projected pattern of radiation to obtain cor-
responding image data for use in generating the differ-
ential data, itis notrequired for any contact with the object
being monitored to be made. Accordingly, the method of
the presentinventionis simple to effect, and is well suited
for monitoring moving and/or delicate objects, including
objects in controlled or isolated environments, since no
contact with the object is required for its monitoring; the
interaction with the object is in the form of the projected
light pattern on the object.

[0008] Since the differential data is based upon first
and second image data which represents a three dimen-
sional configuration of the object, and therefore corre-
sponds with the three dimensional nature of the object
being monitored, the change in configuration of the object
is determined accurately using the method of the inven-
tion.

[0009] The ability to determine a change in volume of
the object, over a period of time, without necessitating
contact with the monitored object is advantageous and
simple, and provides volume data of the object which
may be used in many various applications.

[0010] The portions in steps b) and ¢) may be substan-
tially the same portion of the pattern. Alternatively, the
portions in step b) and c) are different portions of the
pattern, allowing the method to generate the differential
data for at least part of the object, whilst allowing move-
ment of the object.

[0011] In one embodiment of the present invention the
method includes processing of the firstand second image
data to identify gross movement of the object over time
between the first and second time instants.

[0012] Preferably, the pattern of radiation is a spatially-
varying intensity pattern of non-ionising electromagnetic
radiation which, when interpreted as an image, compris-
es a combination of distinct and readily locatable ele-
ments, for example, combinations of spatial distributed
crossing points, corners or circular patches.

[0013] Preferably the electromagnetic radiation may
be visible light or non-visible infra-red radiation. Alterna-
tively the electromagnetic radiation may be of other fre-
quencies.

[0014] Preferably, in step a) a sequence of different
patterns of radiation is projected onto the object, each of
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the different patterns being projected consecutively at a
different instant in time.

[0015] In apreferred embodiment of the presentinven-
tion the method includes:

recording further image data representing at least a
portion of the projected pattern of radiation on the
object at a plurality of further instants in time, said
further image data being representative of a three
dimensional configuration of said object at each of
the plurality of further instants in time;

processing said further image data to generate dif-
ferential data representative of a change in the con-
figuration of said object between at least two of said
plurality of further instants in time.

[0016] Recordingand processing the furtherimage da-
ta may be performed after recording and processing the
firstand second image data. The further image data may
include a plurality of image data recorded respectively at
a plurality of different instants in time. Differential data
generated using the further image data may therefore be
used to monitor the configuration change over a period
of time of any duration, such as a prolonged period of
time. This is advantageous, for example in medical ap-
plications of the invention such as continuous monitoring
of the breathing of a patient over time.

[0017] Thefurtherimage datamayberecorded atrates
consistent with a given application of the invention, de-
pendent upon on the time resolution required for moni-
toring changes in the three dimensional configuration of
an object. In a preferred embodiment for a medical ap-
plication, for example monitoring of chest movement and
breathing, this rate may be 50 or 60 instants in time per
second, i.e. 50 or 60 Hertz. Alternatively, the further im-
age data may be recorded at a faster rate, for example
180 or 360 instants per second, providing enhanced time
resolution and spatial accuracy. Any recording rate may
be selected so that the change in configuration of the
object can be monitored as desired; for example, but not
limited to a rate within the range of 50 to 360 Hertz. The
rate may be determined by the capabilities and/or set-
tings of the apparatus performing the monitoring, such
as of the camera.

[0018] In a preferred embodiment the method includes
approximating the configuration of a portion of the object
upon which the pattern of radiation is not projected. The
first and/or second image data may be used for the ap-
proximating. Additionally, or alternatively, an algorithm
may be used to approximate the surface of the object
upon which the intensity pattern is not projected. For ex-
ample, a simple interpolation algorithm for a flat surface
may be used. Alternatively a more complex algorithm
may be used, to interpolate using a more complex sur-
face, for example, a part of a cylinder or sphere. The
method may include generating the differential data using
the approximated configuration of the portion of the ob-
ject. Accordingly, the configuration of a non scanned part
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of the object allows the change of configuration, for ex-
ample a volume, to be accurately determined without re-
quiring contact with the object by apparatus performing
the invention method. The part of the object for which the
configuration is approximated may be the reverse side
of the object on which the radiation pattern is projected
upon. For example, if the pattern is projected upon afront
side of a person, the configuration of the rear side of the
person may be approximated.

[0019] In embodiments of the invention the object is a
person or at least a portion of a person. In such embod-
iments the method may include processing the first and
second image data with bio-physical model data charac-
terising the person. The bio-physical model data may in-
clude parameters representative of any of size, age, sex
and body type of the person, and/or parameters repre-
sentative of mechanical aspects of parts of the body. The
parameters may relate to both normal and abnormal con-
ditions of the person. This allows the method to be tuned
to the body type of the person being monitored to yield
enhanced accuracy of differential data.

[0020] In preferred embodiments the change of con-
figuration may be indicative of a lung function of the per-
son, such as breathing rate, dynamic air flow, and/or the
dynamic change in breathing volume.

[0021] Patent application EP 1645841 describes a
three dimensional shape measurement apparatus, but
this does not record first and second image data accord-
ing to the present invention, each being representative
of a three dimensional configuration of an object being
monitored. Therefore, it does not generate differential
data using the first and second image data, as in the
present invention. Moreover, the apparatus of the EP
1645841 requires precise positioning of apparatus com-
ponents, unlike the apparatus of the present invention.
[0022] In a preferred embodiment the method further
includes calibrating of apparatus arranged to perform at
least steps a) and b), said calibrating including:

projecting a calibration pattern of radiation onto a
calibration object; and

recording calibration image data representing at
least a portion of said projected calibration pattern
of radiation, said calibration image data being rep-
resentative of a three dimensional configuration of
said calibration object, and

processing said first and second image data in step
d) with the calibration image data to generate the
differential data.

[0023] Calibrating the apparatus advantageously en-
sures that the differential data generated is more accu-
rate.

[0024] The method may include projecting a sequence
of different calibration patterns of radiation onto the cal-
ibration object and recording the calibration image data
for each of said different calibration patterns of radiation.
[0025] In embodiments of the invention, the method
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may include performing said calibrating before perform-
ing steps a) to d) to determine a unit scale for use in
determining dimensions of the object from the first and/or
second image data.

[0026] Preferably, the projecting in step a) further in-
cludes projecting said calibration pattern, or at least one
of said calibration patterns onto the object for monitoring,
and the first and/or second image data recorded in steps
b) and/or c) includes calibration image data representa-
tive of characteristics of a projection system and record-
ing system of apparatus for performing said method.
[0027] The projected pattern of radiation and the pro-
jected calibration pattern or at least one of the calibration
patterns of radiation may be interleaved with each other.
In this way calibrating may be performed simultaneously
as monitoring the object.

[0028] In accordance with a further aspect of the
present invention there is provided a method of monitor-
ing an object, the method including:

a) projecting a pattern of radiation onto an object for
monitoring;

b) recording at a first instant in time first image data
representing at least a portion of said projected pat-
tern of radiation on the object, said first image data
being representative a three dimensional configura-
tion of said object at said first instant in time;
c)recording at a second instantin time second image
data representing at least a portion of said projected
pattern of radiation on the object, said second image
data being representative of a three dimensional
configuration of said object at said second instant in
time; and

d) providing said first and second image data to a
processing system for generating differential data
representative of a change in volume of said object
between the first and second instants in time.

[0029] In accordance with a yet further aspect of the
present invention there is provided a method of monitor-
ing an object, the method including:

a) receiving first and second image data recorded
by the method of:

i) projecting a pattern of radiation onto an object
for monitoring;

i) recording at a first instant in time the first im-
age data which represents at least a portion of
said projected pattern of radiation on the object,
said first image data being representative of a
three dimensional configuration of said object at
said first instant in time; and

iii) recording at a second instant in time the sec-
ond image data representing at least a portion
of said projected intensity pattern of radiation on
the object, said second image data being rep-
resentative of a three dimensional configuration
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of said object at said second instant in time, and

b) processing said first and second image data to
generate differential data representative of a change
in volume of said object between the first and second
instants in time.

[0030] Accordingly, steps a) to c) of the method of the
invention may be performed remotely from step d) of the
invention, for example via a computer network.

[0031] Inaccordance with another further aspect of the
present invention there is provided computer software
arranged to perform the method according to the method
of the present invention.

[0032] In accordance with yet a further aspect of the
present invention there is provided a data carrier storing
the computer software of the present invention.

[0033] In accordance with a further aspect of the
present disclosure there is provided an apparatus for
monitoring an object, the apparatus comprising:

a projection system arranged to project a pattern of
radiation onto an object for monitoring;

a recording system arranged to record at first and
second instants in time, respectively, first and sec-
ond image data representing at least a portion of
said projected pattern on the object, said first and
second image data being representative of a three
dimensional configuration of said object at said first
and second instants in time, respectively; and

a processing system arranged to process said first
and second image data to generate differential data
representative of a change in volume of said object
between the first and second instants in time.

[0034] Preferably, the recording system is arranged to
record a plurality of images of at least a portion of the
projected pattern of radiation at one instant in time to
record image data representative of a three dimensional
configuration of the object, each of the plurality ofimages
being recorded at a different viewpoint of said object.
[0035] In a preferred example the apparatus compris-
es a pattern generator arranged to generate said pattern
of radiation for projection by the projection system.
[0036] The pattern generator may be arranged to gen-
erate at least one calibration pattern for projection onto
the object for monitoring and/or a calibration object.
[0037] The projection system may be arranged to
project a pattern of radiation of non-ionising electromag-
netic radiation.

[0038] The projection system may be arranged to
project the pattern of radiation as visible radiation and
the recording means is arranged to detect visible radia-
tion.

[0039] The projection system may alternatively be ar-
ranged to project the pattern of radiation as infrared ra-
diation and the recording system may be arranged to
detect infrared radiation.
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[0040] Further, the pattern may be a spatially-varying
intensity pattern, which may comprise a combination of
spatially distributed crossing points, corners and/or cir-
cular patches.

[0041] Further features and advantages of the inven-
tion will become apparent from the following description
of preferred embodiments of the invention, given by way
of example only, which is made with reference to the
accompanying drawings.

Brief Description of the Drawings

[0042]

Figure 1 shows a flow diagram giving an overview
of the method of the present invention;

Figure 2 shows a block diagram of a monitoring ap-
paratus implementing the method of the present in-
vention;

Figures 3a and 3b show a side view and an end view,
respectively, of a monitoring apparatus in accord-
ance with a first example of the present disclosure;
Figure 4 shows a side view of a monitoring apparatus
in accordance with a second example of the present
disclosure;

Figures 5a and 5b show monitoring apparatus incor-
porated as part of an incubator in accordance with
a third example of the present disclosure;

Figure 6 shows a monitoring apparatus with a plu-
rality of projection systems in accordance with a
fourth example of thepresent disclosure;

Figure 7 shows a calibration pattern of radiation be-
ing projected onto a known object;

Figures 8a and 8b show different patterns of radia-
tion being projected onto an object;

Figure 9 shows a pattern of radiation projected onto
a model of an infant; and

Figure 10 shows an interpolated three-dimensional
representation of the model of the infant shown in
Figure 9 created in accordance with the method of
the present invention.

Detailed Description of the Invention

[0043] The present invention relates to a method of
monitoring an object. Further, the invention relates to
computer software arranged to perform the method of
the invention, and to a data carrier storing such software.
In the exemplary embodiments disclosed hereinbelow
reference is made to a method of monitoring a configu-
ration indicative of a lung function of a person, by moni-
toring a change in volume of a thorax of a person. Such
amethod is a non-contact, non-invasive method that can
safely monitor chest and abdomen dynamic volume
changes and accurately derive air flow and lung function
data to assist medical diagnosis and patient care. Lung
function of a personincludes, butis notlimited to, thoracic
volume, respiratory rate, tidal volume, inspiratory and ex-
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piratory times, forced spirometry, regional changes in
chest wall movement and regional lung function. Other
applications of the invention are envisaged, as explained
below.

[0044] With reference to Figure 1, which shows a flow
diagram giving an overview of the method of the present
invention, a pattern of radiation is projected onto an object
that is to be monitored in step S1.

[0045] Instep S2, firstimage data is recorded at a first
instant in time. The first image data is representative of
at least a portion of the pattern of radiation projected onto
the object and contains data representative of a three
dimensional configuration of the object at the first instant
in time.

[0046] In step S3, second image data is recorded at a
second instant in time, different from the first instant in
time. The second image data is representative of at least
a portion of the pattern of radiation projected onto the
object and contains data representative of a three dimen-
sional configuration of the object at the second instant in
time.

[0047] In step S4, the first and second image data is
processed to generate differential data that is represent-
ative of a change in the configuration of the object be-
tween the first and second instants in time. The change
in configuration may be a zero change if the object con-
figuration does not change between the first and second
time instants.

[0048] Monitoring a configuration of an object in this
manner has the advantage of being usable to provide an
accurate computer generated representation of the ob-
ject over time without the need of making physical contact
with the object. Further, the method of the invention al-
lows monitoring of a change of a configuration of the ob-
ject using the differential data, which may, for example,
represent a change of surface shape, position, volume
and/or a three dimensional shape of an object being mon-
itored. Further, the method of the invention may be ap-
plied to monitor a change of configuration of a part of an
object, rather than of the whole object.

[0049] As will be explained further below, the method
of the invention may optionally include: recording further
image datarepresenting atleast a portion of the projected
pattern of radiation on the object at a plurality of further
instants in time, the further image data being represent-
ative of a three dimensional configuration of the object
at each of the plurality of further instants in time; process-
ing the further image data to generate differential data
representative of a change in the configuration of the
object between at least two of the plurality of further in-
stants in time.

[0050] Figure 2 shows a block diagram of apparatus
arranged to perform the method of the invention. The
apparatus 10 comprises a scanning system 12, data
processing and a man machine interface (MMI) system
14, a display system 16, image data storage system 18,
bio-physical modelling data 20 and a statistical database
22.
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[0051] The scanning system 12 includes a recording
system 24, including for example at least two video cam-
eras, at least one projection system 26, for example, a
video projector, video capture hardware 28 for controlling
the recording systems 24 and capturing an image from
each of the recording systems 24, interface system 30
for connecting a processing platform, for example a per-
sonal computer (PC) to the projection system 26, and a
pattern generator 32 for creating at least one pattern for
the projection system 26.

[0052] In one example of the present disclosure the
monitoring apparatus 10 may comprise two 200Hz, 640
X 480 resolution cameras 24 and a video projector 26,
all mounted on an adjustable mounting rig so as to define
the relative positioning of the cameras 24 and the video
projector 26. Both the cameras 24 and the video projector
26 may be controlled by a standard personal computer
(PC) platform incorporating a video capture card for the
cameras 24 and a graphics card to drive the video pro-
jector 26. In other examples, the camera itself may at
least partly process recorded image data, for transmitting
to a further processor, such as of a standard PC, via a
digital bus connection, such as Universal Serial Bus
(USB), Firewire™ or an Ethernet connection.

[0053] The apparatus of the present disclosure is ad-
vantageous in that the precise geometric positioning and
separation of the projection and recording systems with
respect to each other, and to the object being monitored,
is flexible; i.e. precise positioning is not required. The
calibration of the projecting and recording systems, as
described later, allows the physical positioning of the pro-
jecting and recording systems to be taken into account
to generate accurate data.

[0054] Since each camera of the recording system may
be arranged at a different viewpoint of the object, and
can record an image of the projected pattern at a certain
time instant, the combination of the images recorded at
that certain time instant by the different cameras allows
a greater proportion of the object to be monitored. In this
way, the cameras can be arranged to provide greater
coverage of the object, for example by positioning one
camera to capture part of the object which another cam-
era cannot accurately capture due to blind spots for ex-
ample. Accordingly, the image data recorded for each
time instant is representative of a greater part of the ob-
ject, and therefore allows more accurate data to be gen-
erated for the object between different time instants.
[0055] The data processing and MMI (man machine
interface) system 14 comprises four main elements:
three dimensional processing system 36, medical data
extraction system 38, presentation processing and sys-
tem control system 40, and calibration processing system
42.

[0056] The presentation processing and system con-
trol system 40 performs processing to allow control by a
user of the monitoring apparatus 10, and may present
results via the display system 16. Presentation process-
ing and control is performed in conjunction with theimage
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and data storage processing system 18, by which data
from the recording system 24 recording images, image
data from the 3D processing, derived medical data, and
other intermediate computation results may be stored
and retrieved via a storage device 44. The storage device
44 may be a computer disk or solid-state storage device.
[0057] In performing the method of the present inven-
tion, the projection system 26 projects, otherwise referred
to herein as scanning, one or more patterns of radiation
onto an object for monitoring and each camera of the
recording system 24 simultaneously captures, at differ-
ent viewpoints, an image representative of at least a por-
tion of the at least one projected pattern of radiation as
it appears on the object. In this way, a plurality ofimages
of the same and/or different portions of the projected pat-
tern may be recorded at one instantin time. The captured
image from each camera of the recording systems 24 is
then processed and recorded as image data that is rep-
resentative of a three dimensional configuration of the
part of the object on which the corresponding pattern
portion was projected at that instant in time; such as for
recording the first image data for the first time instant.
The image data recorded at the second time instant, and
for any further time instants, such as consecutive third
and fourth time instants, may be recorded in a similar
manner by recording and processing a plurality ofimages
of the object at the particular time instant. The simulta-
neous capture of an image by each camera of the re-
cording system 24 at a time instant ensures data points
between the image data for the different images can be
accurately correlated during further data processing. The
captured images may be processed using known image
processing techniques, to reduce noise, for example.

[0058] The atleastone pattern of radiation may include
a spatially-varying intensity pattern comprising a combi-
nation of distinct and readily locatable pattern elements,
for example a combination of spatially distributed cross-
ing points, corners or small circular patches. For exam-
ple, the at least one pattern of radiation projected on to
the object may comprise tessellated combinations of
lines and points. The pattern may include non-illuminated
pattern patches, spaced in between illuminated patches
of the pattern. The pattern elements appear distorted
when projected on the object, and this distortion allows
three-dimensional configuration data of the part of the
part of the object upon which the pattern elements are
projected, such as the first or second image data, to be
derived from the captured image data; this method of
scanning an object is commonly referred to as a struc-
tured light technique. The pattern of radiation may be a
simple repeated pattern and/or may be selected with a
complex repeating pattern of features such as spots,
light/dark edges, for example, in order to avoid ambiguity
in the images of the pattern recorded by the cameras,
and to capture higher resolution images of the object.
Ambiguity occurs when a part of the pattern falling on the
object is distorted in a way so as to appear the same as
if the object was not there. Such ambiguity makes it dif-
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ficult to determine accurately a configuration of the ob-
ject. In other embodiments, a sequence of different radi-
ation patterns may be projected onto the object, each of
the different patterns being projected consecutively at a
different instant in time. The projection system 26 may
project the pattern of radiation of certain selected wave-
lengths, for example visible radiation or invisible infrared
radiation onto the object, although it is envisaged that
the pattern radiation may be of other wavelengths of the
spectrum of non-ionising and electromagnetic radiation.
Accordingly, the recording system 24 is adapted to cap-
ture the projected radiation of the appropriate wave-
length(s). The projection system 26 requires a normal
incoherent light source, rather than coherent laser illumi-
nation; this enables medically-safer scanning of a sub-
ject/object, for example a child, compared to a laser-
based projection method.

[0059] The three dimensional processing system 36
processes the images captured by the recording system
24 and extracts image data representative of the three
dimensional configuration of the object which correspond
to equivalent points on the surface of the object. This
processing may include image analysis to maximise use-
able contrast and dynamic range within the captured im-
ages, image noise reduction, location of specific features
of the projected patterns of radiation, resolution of ambi-
guities inan expected location of specific pattern features
due to pattern distortion by the object surface, suppres-
sion of data errors, and/or identification of silhouettes to
assist tracking of gross movement of the object when
monitoring the object over time. The image data is then
interpolated to create continuous surface representa-
tions of the object being monitored.

[0060] The recording system 24 is arranged in exam-
ples of the disclosure to record the same portion of the
pattern at each of the first and second instants in time.
In this way, assuming the object remains stationary, the
change in configuration of the same part of the object
can be monitored at both the first and second instants.
In other examples, the recording system 24 may be ar-
ranged to record a different portion of the projected pat-
tern at the first and second time instants. This may for
example allow image data to be recorded for the same
part of the object being monitored, despite gross move-
ment of the object part, and therefore a different part of
the pattern falling on the object part under observation.
[0061] Tracking algorithms may be used for the image
data processing to track larger (gross) movement of the
object being monitored to improve the calculation accu-
racy of the image data by helping the discrimination of
wanted motion for monitoring of the scanned surface(s)
of the object from the overall (gross) movement of the
object. The algorithms may also detect when the object
is not within the field of view of the recording systems 24
and if the object is moving rapidly, for example, where
the object is a person, the algorithm may be arranged
such that coughing of the person may be considered as
a gross movement.
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[0062] In addition, the tracking algorithm may be used
to determine when a gross movement of the object occurs
and to indicate this to an end user, ignore image data
occurring at those instants in time when the gross move-
ment occurs or determine the new position of the object
if, for example the object has geometrically moved posi-
tion by rotation or translation.

[0063] The image data representative of the three di-
mensional configuration of the object may be used to
obtain data indicative of a volume corresponding to the
scanned object area by processing consecutive (sequen-
tial) image data produced by the three dimensional
processing system 36 of the object. Differential data can
be generated between the first and second image data
taken at the respective first and second instants in time,
which represents a change in configuration of the
scanned object between the two instants in time. The
differential data may be generated by comparing the first
image data with the second image data, to identify dif-
ferences between the three-dimensional configuration of
the object at the first instant in time and the three-dimen-
sional configuration of the object at the second instant in
time. The differential data is indicative of these identified
differences, and therefore represents a change in con-
figuration of the object between the first and second in-
stants. The two instants in time may be two consecutive
points recorded in time; alternatively, the two instants
may be any two instants recorded in a period of time,
which may be separated by other time instants for which
image data is recorded. Therefore, it is possible to track
dynamically any changes in the configuration of at least
part of the object between any two time instants and over
a period of time encompassing a plurality of time instants.
In embodiments where the object is a person the change
in configuration may be representative of a change in the
volume of at least part of the object, for example, a
change of the volume of the chest and/or abdomen cav-
ities.

[0064] Where the apparatus is to be used in a medical
environment, for example as shown in Figures 3, 4 and
5, referred to later, the medical data extraction system
38 performs an algorithmic computation to derive a vol-
ume change for the body part being monitored by the
apparatus from the differential data.

[0065] To assistindetermining a configuration change,
such as a volume, of at least part of the object, an ap-
proximation of the volume of the scanned part of the ob-
ject is calculated, by approximating the configuration of
portions of the object part which are not visible to any of
the recording systems 24 and/or which are not illuminat-
ed with the projected pattern of radiation. For example,
if the pattern is projected upon a front side of a person’s
chest being monitored, the pattern does not fall upon the
rear side of the person’s chest, and the configuration of
the rear side of the chest cannot be determined by re-
cording image data of the rear side. However, the con-
figuration of the rear side of the person’s chest may be
approximated to determine at least a crude, and more
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preferably a refined, configuration of the rear side of the
chest. This approximately determined configuration of
the object part without the projected pattern may be proc-
essed with the recorded image data, for example the first
and second image data, to generate more accurate dif-
ferential data for the change in configuration of the per-
son’s chest over time. The approximation may be deter-
mined using an interpolation algorithm for a flat surface.
Alternatively, a more complex algorithm may be used to
interpolate the configuration of the part without the pro-
jected pattern, for example using a shape more repre-
sentative of the object part in question, in this case a
person’s chest. Such arepresentative shape may be part
of a cylinder or a sphere, and/or may perhaps use bio-
physical data, as described later, of the type of person,
orindeed of the specific person being monitored, to refine
the approximation. Using this approximated configura-
tion in combination with the recorded image data derived
from the image data captured for the scanned object part,
a change in configuration, such as a volume of the object
part being monitored, can be determined more accurate-
ly, providing more reliable image data representing the
three dimensional configuration of the object, and differ-
ential data. This is important especially in applications of
the method requiring a high level of data accuracy, for
example in the medical field, when the generated data
may be used to diagnose medical conditions and appro-
priate treatments. Moreover, for delicate objects such as
ill patients, which cannot be easily moved, this approxi-
mation allows the patient to remain still, and lying on a
bed for example, whilst still being able to determine ac-
curate image data of the three dimensional configuration
of the object and differential data.

[0066] Accordingly, processing of the data captured by
the recording system 24 is used to create dynamic three
dimensional models of the subject’s body movement, vol-
ume, surface area and other similar physical parameters.
The breathing and respiration rate can then be calculated
by comparing concurrent data images to generate differ-
ential data that is representative of a change in volume.
[0067] Information may then be displayed to an end
user in a numerical and/or graphical format via a display
system, and/or may be transmitted via data network in-
terfaces provided as part of the processing platform (e.
g. personal computer) to other systems, for remote dis-
play or additional analysis. Output information can be
categorised and used as part of a decision support proc-
ess or expert system linked to clinical management and
care schemes. As the reconstruction may provide a full
three dimensional representation of the object, in some
embodiments using the approximation of the object part
not illuminated with the radiation pattern, it is possible to
view the object surface on-screen from any novel view-
point.

[0068] Breathing airflow relating to lung function can
be computed from dynamic volume changes in the ob-
ject’s volume. This process may be augmented by com-
parison with data in the statistical database 22, which
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contains data from prior reference (trial) operations of
the apparatus and/or from prior measurement operations
of the apparatus on a number of different persons. In
embodiments of the invention, the statistical database
data provides standardised, statistically-averaged pa-
rameters for selected sets of persons according to se-
lected granges of age, sex, weight and body types. Com-
parison using the statistical database data assists en-
hanced interpretation of computed dynamic volume
changes as compared with statistical norms. The statis-
tical database data may also be used to provide refine-
ment of the scaling and reference parameters for the bio-
physical model data 20.

[0069] The accuracy of volume calculations may be
improved by the bio-physical modelling data 20, which
integrates the image data recorded with a volumetric
model of the object, using mapping and 'best fit" algorith-
mic processing, for example. The volumetric or bio-phys-
ical model data 20 comprises a 'physics-based’ approx-
imation ofthe anatomical structure of the objector subject
being scanned and models the physical properties of the
object area, for example, the physical and elastic prop-
erties of the chest/abdomen, and movement constraints
due to joint and skeletal construction. The bio-physical
model data 20 is based on generic models for the object
under consideration with physical modelling parameters
adjusted and calibrated according to average values ac-
cording to subjecttype, age, sex, body mass and/or other
configurations. The bio-physical model data can include
stored data from prior reference (trial) operations.
[0070] Figure 3a and 3b show exemplary parts of the
monitoring apparatus in accordance with an example of
the disclosure. The apparatus 10 comprises first and sec-
ond cameras as part of the recording system 24, which
may be, for example, Allied Vision Technology Pike
F032B cameras, and the projection system 26, which
may be, for example, an Acer P1625 projector, attached
to a mounting frame 50. The angle that each of the re-
cording systems 24 is mounted with respect to the mount-
ing frame 50 may vary from about 10 degrees to about
40 degrees and depends on the distance from the re-
cording system 24 to the object 52. In this example it can
be seen that the projection system 26 projects a pattern
of radiation onto the chest and abdominal area of a sub-
ject 52 laying prone on a surface 54. The projection rate
may be for example around 50 or 60 Hz, or 180 Hz or
360 Hz. The recording rate from the recording system 24
is consistent with the projection rate, for example if the
projection rate is 180 Hz, the recording rate would also
be 180images per second for each of the firstand second
recording systems. Other projection and recording rates
of the first, second and further image data is envisaged
within, but not limited to, the range of 50 to 360 Hz; there-
fore, the projection and recording rates may be slower
or faster than rates of 50 or 360 Hz. The first and second
cameras of the recording system 24 may be orientated
so that the field of view of one of the recording system
completely or at least partially overlaps the field of view
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of the other recording system. The apparatus 10 may be
arranged for monitoring and diagnosis of, for example,
adults, children, premature infants, non-cooperative sub-
jects or where any form of contact method is impractical,
for example, premature infants, burns victims, critical
care patients. The apparatus 10 may be arranged so that
the subject can be monitored in an upright standing po-
sition as illustrated in Figure 4.

[0071] Referring now to Figure 5a, there is shown an
example of parts of monitoring apparatus 10 in accord-
ance with the present disclosure incorporated an incu-
bator for a baby. The monitoring device 10 comprises a
projection system 26 arranged to project radiation onto
an reflective optics device 64 , for example a mirror,
which reflects the radiation emitted from the projection
system onto a baby 62 located in the incubator 60, and
two cameras of a recording system 24. The monitoring
apparatus 10 is mounted in a sealed housing 66 and
mounted to an interior portion surface of the incubator
60 as shown in Figure 5a. It will be appreciated that the
monitoring apparatus 10 may be arranged to be located
on an exterior surface of the incubator 60 as shown in
Figure 5b.

[0072] Figure 6 shows a setup of monitoring apparatus
for performing the method of the invention, according to
a further embodiment. A plurality of patterns of radiation
may be projected onto the object simultaneously, so that
a greater coverage of the object being monitored is
achieved. Accordingly, as shown in Figure 6, more than
one pattern of radiation is projected onto the object, using
the three projectors, onto two opposite sides of the object
and onto a surface between the two opposite sides. Two
cameras, arranged between the three projectors, each
simultaneously record image data of the projected pat-
terns at each of different instants in time, for processing
to derive differential data.

[0073] In use the apparatus of Figures 3, 4, 5 and 6
may be set-up in a specific configuration for the environ-
ment and/or object to be monitored. The apparatus may
be calibrated in order to perform the method of the in-
vention with an acceptable level of accuracy. The method
ofthe inventionincludes calibrating the apparatus for per-
forming the invention. The calibration includes projecting
a calibration pattern of radiation onto a calibration object;
and recording calibration image data representing at
least a portion of the projected calibration pattern of ra-
diation, the calibration image data being representative
of a three dimensional configuration of the calibration ob-
ject. The first and second image data in step d) may be
processed with the calibration image data to generate
the differential data based on the calibration. According
to such calibration, in embodiments of the invention, two
types of calibration may be conducted: projector and re-
cording system calibration, and unit calibration.

[0074] Projector and recording system calibration may
be performed automatically and continuously during
monitoring a change of configuration of the object, de-
scribed previously. This may be achieved by projecting
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one or more calibration patterns onto the object being
monitored as part of projecting the radiation pattern onto
the object for monitoring. The object being monitored
may therefore be considered to be a calibration object.
The calibration pattern may be projected on the calibra-
tion object, and the calibration image data recorded, at
one or a plurality of time instants different from the first
and second time instants. For example, the calibration
pattern may be projectedimmediately before the firsttime
instant, and immediately before the second time instant,
so that the calibration data is indicative of the projector
and recording system characteristics at the first and sec-
ond time instants, without performing the calibration si-
multaneously as recording the image data for monitoring
the object. In this way the calibration pattern(s) and the
pattern for the object monitoring may be interleaved with
each other over time. The recorded first and/or second
image data may then be processed using recorded cal-
ibration image data representative of, in three-dimen-
sional space, characteristics of the projector system and
parts of the recording system, for example of the camer-
as, such as their relative positions and optical focal
points. This improves the accuracy of the first and/or sec-
ond image data.

[0075] By appropriate selection of the timing of project-
ing, and recording of image data of, the calibration pat-
tern(s) and the pattern(s) for object monitoring, the pro-
jector and recording system calibration may be per-
formed rapidly such that it may be near-simultaneous
with object monitoring. Accordingly, characteristics of the
projector system and parts of the recording system, for
example optical characteristics and/or relative position-
ing of the projector and cameras, may be repeatedly de-
termined during object monitoring, without needing to halt
object monitoring. In this way small changes over time
in such characteristics, for example due to a driftin focus,
zoom factor and/or angular positioning of the projector
and/or recording systems, may be determined by the pro-
jector and recording system calibration process and
thereby used to correct the image data generated from
monitoring the object. Movement of the object being mon-
itored does not affect the calibration of the projector and
recording system. Object movement can be dealt with
using tracking algorithms for example, described above.
[0076] Unit calibration is preferably conducted before
monitoring of an object according to the invention meth-
od, described with reference to Figure 1, is begun. The
unit calibration is used to determine absolute measure-
ments accurately for when monitoring the object and in-
volves determining atleast one absolute distance, so that
during calibration all the distances between the projector
system, parts of the recording system and the location
where the object for being monitored will be placed, such
as a bed in the example that the object is a person, may
be accurately determined from the calibration image data
and/or any differential data generated therefrom during
calibration, for example between calibration image data
at different time instants. Once the apparatus is set up
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for the monitoring procedure, the unit calibration is per-
formed by projecting a calibration pattern of radiation,
generated by the projection system, onto a calibration
object of known dimensions, and recording image data
of the calibration object using the recording system.
Since the dimensions of the calibration object are known,
the calibration system 42 can determine the absolute po-
sitions of the recording and projection systems. Accord-
ingly, the calibration system 42 can determine aunitscale
for dimensional units, against which image data recorded
during monitoring of the invention method can be com-
pared, so that absolute dimensions of the object being
monitored can be accurately determined. For example,
a height and/or a width in centimetres of at least part of
an object being monitored can be accurately measured
by comparing object dimensions derived from the image
data of the object with the unit scale. From this, volume
measurements in litres for example, of a part of the object
being monitored may be calculated. By accurately being
able to take measurements of the object during monitor-
ing, the differential data may be generated with a high
level of accuracy.

[0077] The calibration object may have three points of
known relative position and distance visible in the field
of view of the recording system. The calibration object
could, as an example, be in the form of a 'wand’ waved
over a patient before the monitoring begins, or a known
printed or projected pattern of precise dimensions on the
table, chair or bed on which the patient lies, which is used
to brace the patient’s back. The calibration object may
of course in other embodiments be other objects ofknown
dimensions.

[0078] The unit calibration may be conducted only
once, assuming that the physical set up and positioning
of the monitoring apparatus is not changed. If the physical
set up is changed, the unit calibration will need to be
conducted again.

[0079] For either, or both, the projector and recording
system calibration, and the unit calibration, the calibration
pattern may be similar, or the same, as the pattern of
radiation described previously for the monitoring method.
Figure 7 shows an exemplary calibration pattern project-
ed onto a saline bag. Further, in other embodiments, the
calibration pattern may include a sequence of different
calibration patterns projected consecutively onto the cal-
ibration object, and recording calibration image data for
each ofthe different patterns. For example, the sequence
of patterns may include a number of distinct patterns,
typically about sixteen for example, projected in rapid
sequence onto the object. The forms of the patterns can
be arranged to provide successively finer pitched fea-
tures within the patterns. The projected patterns of radi-
ation may be, but are not restricted to, a generic form of
a simple pattern which is repeated (tessellated) in both
horizontal and vertical (X and Y) directions. Further, in
other embodiments, for the projector and recording sys-
tem calibration, the calibration pattern may be interleaved
with the pattern projected onto the object during the mon-
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itoring method. In other embodiments, projector and re-
cording system calibration image data may be derived
from the first and/or second image data; the projected
pattern for object monitoring may include pattern char-
acteristics for use in such calibration.

[0080] As shown in Figures 8 and 9, one or more pat-
terns of known structure (including but not restricted to
regular structures such as lines or points) may then be
projected onto the object, after unit calibration, to start
the monitoring of the object. These patterns may be fine
or coarse or a combination of both depending on require-
ments for system size, accuracy and fields of view.
[0081] The recording system 24 then captures images
of the area(s) of the object, as explained previously, and
the patterns of structured radiation as they appear on the
object, capturing information representative of object
configuration, for example, surface shape, movement
and three dimensional configuration shape.

[0082] The above embodiments are to be understood
as illustrative examples of the invention. Further embod-
iments of the invention are envisaged.

[0083] Further embodiments of the method are envis-
aged which include recording further image data repre-
senting at least a portion of the projected pattern of ra-
diation on the object at a plurality of further instants in
time, such as consecutive third and fourth instants intime.
The furtherimage data may comprise a plurality ofimage
data recorded successively at a plurality of time instants
after the first and the second time instants, which repre-
sent a three dimensional configuration of the object at
the respective further instants in time. The further image
datais processed to generate differential data represent-
ative of a change in the configuration of the object be-
tween at least two of the plurality of further instants in
time. The properties of the further image data may be
similar to those of the first and second image data de-
scribed above. Accordingly, the further image data may
be recorded, processed and/or used in a similar manner
as any recording, processing and/or use of the firstand/or
second image data described previously. In this way, the
method of the invention can monitor a change in config-
uration, such as a volume, of the object over a period of
time spanning the first, second and further instants in
time. Accordingly, the configuration change of an object
may be monitored continuously.

[0084] The monitoring apparatus described above
may be used for animal monitoring and veterinary care,
data capture for body research, bio-modelling, and avatar
animation, in addition to other applications where moni-
toring of a three dimensional configuration of an object
is required.

[0085] Further, the method of the invention may mon-
itor breathing and other life signs in, for example, a hos-
pital, medical centre or local practice environments or in
mobile environments, for example, paramedic/ambula-
tory, field hospitals (civilian, military) or disaster recovery
centres.

[0086] The projection system may include a light
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source (e.g. a collimated LED source) illuminating a set
of optical patterns created on a physical medium, for ex-
ample film or glass, and sequenced via mechanical sys-
tem, for example a rotated wheel on which the patterns
are mounted and which is positioned in front of the light
source.

[0087] The angular field of view may be increased by
using more than two recording systems and more than
one projecting system so that more surface area of the
object/subject may be captured and ensuring that the
area to be captured has at least two of the n cameras
deployed. Figure 6 illustrates one configuration to en-
hance scanning coverage of the subject/object.

[0088] As described above, a three dimensional rep-
resentation of at least part of the object can be derived
using the plurality of images captured at one time instant
of the projected pattern on the object, using for example
two cameras. By taking a plurality of images for one time
instant, image data with a greater coverage of the object,
and/or with reduced occlusion problems of a certain ob-
ject part, can be obtained. In other advantageous em-
bodiments of the invention, the recording system may
include only one camera which records one image of at
least a portion of the projected pattern on the object at
the first and second, and possibly further, time instants.
A three dimensional representation of at least part of the
objectmay be derived for each time instantby interpreting
the recorded pattern in each respective image. Accord-
ingly, in such embodiments, multiple cameras are unnec-
essary.

[0089] Theapparatus maycomprise the recording sys-
tem and projection system and the image data captured
by the recording system may be provided in a suitable
form for processing, to generate the image data repre-
sentative of the three dimensional configuration and the
differential data. Such processing of the image data may
be processed remotely from the recording and projection
systems and as such the processing system may be lo-
cated in another room or may be located in another coun-
try, connected to the recording and projection system via
a computer network, and arranged to receive the image
data from the recording and projection system which are
arranged to provide the image data to the processing
system.

[0090] Itisto be understood that any feature described
in relation to any one embodiment may be used alone,
or in combination with other features described, and may
also be used in combination with one or more features
of any other of the embodiments, or any combination of
any other of the embodiments. Furthermore, equivalents
and modifications not described above may also be em-
ployed without departing from the scope of the invention,
which is defined in the accompanying claims.

Claims

1. A method of monitoring regional lung functions of a
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person, the method including:

a) projecting a pattern of radiation onto a portion
of the person for monitoring;

b) recording at a first instant in time first image
data representing at least a portion of said pro-
jected pattern of radiation on the portion of the
person, said first image data being representa-
tive of a three dimensional configuration of said
portion of the person at said first instant in time;
¢) recording at a second instant in time second
image datarepresenting atleasta portion of said
projected pattern of radiation on the portion of
the person, said second image data being rep-
resentative of a three dimensional configuration
of said portion of the person at said second in-
stant in time; and

d) processing said first and second image data
to generate differential data representative of a
change in volume of said portion of the person
between the first and second instants in time.

A method according to claim 1, wherein the portions
in steps b) and c) are substantially the same portion
of the pattern.

A method according to claim 1, wherein the portions
in steps b) and c) are different portions of the pattern,
wherein optionally the method includes processing
the first and second image data to identify gross
movement of the portion of the person between the
first and second instants in time.

A method according to any preceding claim, wherein
instep a) asequence of different patterns of radiation
is projected onto the portion of the person, each of
the different patterns being projected consecutively
at a different instant in time.

A method according to any of claims 1 to 3, the pro-
jecting in step a) comprising at the firstinstantin time
projecting a pattern of radiation onto a portion of the
person for monitoring, and at the second instant in
time projecting a different pattern of radiation onto
the portion of the person for monitoring, the first im-
age data recorded in step b) representing at least a
portion of the pattern of radiation projected at the
first instant in time and the second image data re-
corded in step c) representing at least a portion of
the different pattern of radiation projected at the sec-
ond instant in time.

A method according to any preceding claim, includ-
ing:

recording further image data representing at
least a portion of the projected pattern of radia-
tion on the portion of the person at a plurality of
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further instants in time, said further image data
being representative of a three dimensional con-
figuration of said portion of the person at each
of the plurality of further instants in time;
processing said further image data to generate
differential data representative of a change in
the configuration of said portion of the person
between at least two of said plurality of further
instants in time.

A method according to any preceding claim, wherein
the method includes approximating the configuration
of a further portion of the person upon which the pat-
tern of radiation is not projected, and optionally gen-
erating the differential data using said approximated
configuration of the further portion of the person.

A method according to claim 7, wherein the method
includes using the first and/or second image data for
said approximating,

A method according to any preceding claim,
wherein the method includes processing said first
and second image data with bio-physical model data
characterising the person,

wherein optionally the bio-physical model data in-
cludes parameters representative of size, age, sex
and/or body type of the person,

wherein optionally the change of configuration is in-
dicative of a lung function of the person.

A method according to any preceding claim, wherein
the method further includes calibrating of apparatus
arranged to perform at least steps a) and b), said
calibrating including:

projecting a calibration pattern of radiation onto
a calibration object; and

recording calibration image data representing at
least a portion of said projected calibration pat-
tern of radiation, said calibration image data be-
ing representative of a three dimensional con-
figuration of said calibration object, and
processing said first and second image data in
step d) with the calibration image data to gen-
erate the differential data.

A method according to claim 10,

wherein the projecting in step a) further includes pro-
jecting said calibration pattern, or at least one of said
calibration patterns onto the portion of the person for
monitoring, and the first and/or second image data
recorded in steps b) and/or c) include calibration im-
age data representative of characteristics of a pro-
jection system and recording system of apparatus
for performing said method,

wherein optionally the projected pattern of radiation
and the projected calibration pattern or at least one
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of the calibration patterns are interleaved with each
other.

Computer software arranged to perform the method
according to any of claims 1 to 11, the computer soft-
ware being optionally stored on a data carrier.

Patentanspriiche

1.

Verfahren zur Beobachtung regionaler Lungenfunk-
tionen eines Individuums, wobei das Verfahren be-
inhaltet:

a) Projizieren eines Musters aus Strahlen auf
einen Teil des zu beobachtenden Individuums;
b) Aufzeichnen von ersten Bilddaten, die zumin-
dest einen Teil des projizierten Musters aus
Strahlen auf dem Teil des Individuums darstel-
len, zu einem ersten Zeitpunkt, wobei die ersten
Bilddaten eine dreidimensionale Konfiguration
dieses Teils des Individuums zum ersten Zeit-
punkt darstellen;

c¢) Aufzeichnen von zweiten Bilddaten, die zu-
mindest einen Teil des projizierten Musters aus
Strahlen auf dem Teil des Individuums darstel-
len, zu einem zweiten Zeitpunkt, wobei die zwei-
ten Bilddaten eine dreidimensionale Konfigura-
tion dieses Teils des Individuums zum zweiten
Zeitpunkt darstellen;

d) Verarbeiten der ersten und der zweiten Bild-
daten, um differenzielle Daten zu erzeugen, die
eine Veranderung eines Volumens dieses Teils
des Individuums zwischen dem ersten und dem
zweiten Zeitpunkt darstellen.

Verfahren nach Anspruch 1, wobei die Teile in den
Schritten b) und c) im Wesentlichen ein und derselbe
Teil des Musters sind.

Verfahren nach Anspruch 1, wobei die Teile in den
Schritten b) und ¢) unterschiedliche Teile des Mus-
ters sind, wobei das Verfahren optional die Verar-
beitung der ersten und der zweiten Bilddaten zur Er-
kennung einer Bruttobewegung des Teils des Indi-
viduums zwischen dem ersten und dem zweiten Zeit-
punkt beinhaltet.

Verfahren nach einem der vorangehenden Anspri-
che, wobei in Schritt a) eine Abfolge von verschie-
denen Mustern aus Strahlen auf den Teil des Indivi-
duums projiziert wird, wobei die verschiedenen Mus-
ter aufeinander folgend jeweils zu einem anderen
Zeitpunkt projiziert werden.

Verfahren nach einem der Anspriiche 1 bis 3, wobei
das Projizieren in Schritt a) das Projizieren eines
Musters aus Strahlen auf den Teil des zu beobach-
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tenden Individuums zum ersten Zeitpunkt beinhaltet
und das Projizieren eines anderen Musters aus
Strahlen auf den Teil des zu beobachtenden Indivi-
duums zum zweiten Zeitpunkt beinhaltet, wobei die
ersten Bilddaten, die in Schritt b) aufgezeichnet wer-
den, zumindest einen Teil des Musters aus Strahlen
darstellen, das zum ersten Zeitpunkt projiziert wird,
und die zweiten Bilddaten, die in Schritt c) aufge-
zeichnet werden, zumindest einen Teil des anderen
Musters aus Strahlen darstellen, das zum zweiten
Zeitpunkt projiziert wird.

Verfahren nach einem der vorangehenden Anspri-
che, umfassend:

Aufzeichnen weiterer Bilddaten, die zumindest
einen Teil des projizierten Musters aus Strahlen
auf dem Teil des Individuums zu mehreren spa-
teren Zeitpunkten darstellen, wobei die weiteren
Bilddaten eine dreidimensionale Konfiguration
des Teils des Individuums zu jedem der spate-
ren Zeitpunkte darstellen;

Verarbeiten der weiteren Bilddaten, um differen-
zielle Daten zu erzeugen, die eine Anderung der
Konfiguration dieses Teils des Individuums zwi-
schen mindestens zweien von den mehreren
weiteren Zeitpunkten darstellen.

Verfahren nach einem der vorangehenden Anspri-
che, wobei das Verfahren ein Approximieren der
Konfiguration eines weiteren Teils des Individuums,
aufden das Muster aus Strahlen nicht projiziert wird,
und optional das Erzeugen der differentiellen Daten
unter Verwendung der approximierten Konfiguration
des weiteren Teils des Individuums umfasst.

Verfahren nach Anspruch 7, wobei das Verfahren
die Verwendung der ersten und/oder der zweiten
Bilddaten firr die Approximierung beinhaltet.

Verfahren nach einem der vorangehenden Anspri-
che, wobeidas Verfahren das Verarbeiten der ersten
und der zweiten Bilddaten mit biophysikalischen Mo-
delldaten, die kennzeichnend sind fiir das Individu-
um, beinhaltet,

wobei die bio-physikalischen Modelldaten optional
Parameter beinhalten, die fiir die Gro3e, das Alter,
das Geschlecht und/oder den Kérperbau des Indivi-
duums stehen,

wobei die Anderung der Konfiguration optional ein
Anzeichen fiir die Lungenfunktion des Individuums
ist.

Verfahren nach einem der vorangehenden Anspri-
che, wobei das Verfahren ferner das Kalibrieren der
Vorrichtung beinhaltet, die daflir ausgelegt ist, zu-
mindest die Schritte a) und b) durchzufiihren, wobei
die Kalibrierung beinhaltet:
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Projizieren eines Kalibrierungsmusters aus
Strahlen auf ein Kalibrierungsobijekt; und
Aufzeichnen von Kalibrierungsbilddaten, die zu-
mindest einen Teil des projizierten Kalibrie-
rungsmusters aus Strahlen darstellen, wobei die
Kalibrierungsbilddaten eine dreidimensionale
Konfiguration des Kalibrierungsobjekts darstel-
len, und

Verarbeiten der ersten und der zweiten Bildda-
ten in Schritt d) mit den Kalibrierungsdaten, um
die differenziellen Daten zu generieren.

Verfahren nach Anspruch 10,

wobei das Projizieren in Schritt a) ferner das Proji-
zieren des Kalibrierungsmusters oder von mindes-
tens einem der Kalibrierungsmuster auf den Teil des
zu beobachtenden Individuums beinhaltet und die
ersten und/oder die zweiten Bilddaten, die in den
Schritten b) und/oder c) aufgezeichnet werden, Ka-
librierungsbilddaten beinhalten, die fir Eigenschaf-
ten eines Projektionssystems und Aufzeichnungs-
system einer Vorrichtung zur Durchfiihrung des Ver-
fahrens kennzeichnend sind,

wobei das projizierte Muster aus Strahlen und das
projizierte Kalibrierungsmuster optional oder min-
destens eines der Kalibrierungsmuster bereinan-
der gelegt werden.

Computersoftware, die daflr ausgelegt ist, das Ver-
fahren nach einem der Anspriiche 1 bis 11 auszu-
fihren, wobei die Computersoftware optional auf ei-
nem Datentréger gespeichert ist.

Revendications

1.

Procédé de contrdle des fonctions pulmonaires lo-
cales d’'une personne, ce procédé comprenant :

a) la projection d’'un modéle de radiation sur une
partie de la personne a contréler ;

b) 'enregistrement a un premier instant dans le
temps de premiéres données d’image représen-
tant au moins une partie dudit modéle projeté
deradiation sur la partie de la personne, lesdites
premiéres données d’image étant représentati-
ves d’'une configuration tridimensionnelle de la-
dite partie de la personne audit premier instant
dans le temps ;

c) enregistrement a un second instant dans le
temps de secondes données d’'image représen-
tant au moins une partie dudit modéle projeté
deradiation sur la partie de la personne, lesdites
secondes données d’'image étant représentati-
ves de d’une configuration tridimensionnelle de
ladite partie de la personne audit second ins-
tants dans le temps ; et

d) traitement desdites premiéres et secondes
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données d’'image pour générer des données dif-
férentielles représentatives d’'un changement
de volume de ladite partie de la personne entre
les premier et second instants dans le temps.

Procédé selon la revendication 1, dans lequel les
parties des étapes b) et c) sont sensiblement la mé-
me partie du modéle.

Procédé selon la revendication 1, dans lequel les
parties des étapes b) et c) sont des parties différen-
tes dumodele, lequel procédé comprenant en option
le traitement des premiére et seconde données
d’'images pour identifier le mouvement brut de la par-
tie de la personne entre les premier et second ins-
tants dans le temps.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel, dans I'étape a), une sé-
quence de différents modeles de radiation est pro-
jetée sur la partie de la personne, chacun des diffé-
rents modeéles étant projeté consécutivement a un
différent instant dans le temps.

Procédé selon I'une quelconque des revendications
1 a 3, la projection dans I'étape a) comprenant au
premier instant dans le temps la projection d’'un mo-
dele de radiation sur une partie de la personne a
controler et au second instant dans le temps la pro-
jection d’'un modéle différent de radiation sur la partie
de la personne a contréler, les premieres données
d'image enregistrées dans I'étape b) représentant
au moins une partie du modeéle de radiation projeté
de au premier instant dans le temps et les secondes
données d’'image enregistrées dans I'étape c) repré-
sentant au moins une partie des différents modéles
de radiation projetés au second instant dans le
temps.

Procédé selon I'une quelconque des revendications
précédentes, comprenant :

I'enregistrement d’autres données d’image re-
présentant au moins une partie du modéle pro-
jeté de radiation sur la partie de la personne a
une pluralité d’autres instants dans le temps,
lesdites autres données d'image étant repré-
sentatives d’une configuration tridimensionnelle
de ladite partie de la personne a chacun de la
pluralité d’autres instants dans le temps ;
traitement desdites autres données d’image
pour générer des données différentielles repré-
sentatives d’'un changement de configuration de
ladite partie de la personne entre au moins deux
de ladite pluralité d’autres instants dans le
temps.

Procédé selon I'une quelconque des revendications
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précédentes, lequel procédé le procédé comprenant
I'approximation de la configuration d’une autre partie
de la personne sur laquelle le modeéle de radiation
n’est pas projetée eten option la génération des don-
nées différentielles en utilisant ladite configuration
approximée de l'autre partie de la personne.

Procédé selon la revendication 7, lequel procédé le
procédé comprenantI'utilisation des premieres et/ou
secondes données d’image pour ladite approxima-
tion.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel procédé comprenant le
traitement desdites premiéres et secondes données
d’'image avec des données de modéle biophysique
caractérisant la personne,

dans lequel les données de modéle biophysique
comprennent en option des paramétres représenta-
tifs de la taille, de I'age, du sexe et/ou du type phy-
sique de la personne,

dans lequel le changement de configuration est en
option indicatif d’'une fonction pulmonaire de la per-
sonne.

Procédé selon 'une quelconque des revendications
précédentes, lequel procédé comprenant en outre
I’étalonnage d’appareils congus pour réaliser au
moins les étapes a) et b), ledit étalonnage
comprenant :

la projection d’'un modéle d’étalonnage de ra-
diation sur un objet d’étalonnage ; et
I’enregistrement de données d’image d’étalon-
nage représentantau moins une partie duditmo-
dele d’étalonnage projeté de radiation, lesdites
données d’'image d’étalonnage étant représen-
tatives d’'une configuration tridimensionnelle du-
dit objet d’étalonnage, et

le traitement desdites premiéres et secondes
données d’'image dans I'étape d) avec les don-
nées d’'image d’étalonnage pour générer les
données différentielles.

Procédé selon la revendication 10,

dans lequel la projection dans I'étape a) comprend
en outre la projection dudit modele d’étalonnage ou
d’au moins un desdits modéles d’étalonnage sur la
partie de la personne a contrbler et les premiéres
et/ou seconde données d’'image enregistrées dans
les étapes b) et/ou c) comprenant des données
d’'image d’étalonnage représentatives de caractéris-
tiques d’un systéme de projection et d'un systeme
d’enregistrement d’appareil de réalisation dudit pro-
cédé,

dans lequel le modeéle projeté de radiation et le mo-
dele d’étalonnage projeté ou au moins un des mo-
deles d’étalonnage sont en option imbriqués l'un
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dans l'autre.

Programme informatique congu pour réaliser le pro-
cédé selon 'une quelconque des revendications 1 a
11, ce programme informatique étant en option en-
registré sur un support de données.
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Projecting a Pattern of Radiation
onto an Object for Monitoring

1

Recording First Image Data Representing a
3D Configuration of the Object

Y

Recording Second Image Data Representing
a 3D Configuration of the Object

l

Generating Differential Data Representative
of Change in Configuration of the Object

FIG. 1
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