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Description

FIELD

[0001] This application relates to methods, devices
and apparatuses for imaging, particularly for tomograph-
ic imaging, more particularly for detecting and imaging
hematomas.

BACKGROUND

[0002] The standard of care for detecting and imaging
hematomas in traumatic head injury is either computed
tomography (CT) or magnetic resonance imaging (MRI).
Acute hematomas represent the largest cause of death
from head injury, with a mortality rate of 50-60%. Mortality
rate can be lowered by diagnosis and treatment within
the "golden hour" following traumatic head injury. How-
ever, CT and MRI are downstream technologies em-
ployed at large medical centers; accordingly, the time
from injury to diagnosis is usually at least an hour, fol-
lowed by subsequent treatment outside of the golden
hour. A secondary concern is the increasing belief that
the number of CT scans in general needs to be reduced,
particularly in pediatric populations, to reduce radiation
exposure. Repeated CT is the method of choice to mon-
itor chronic hematoma, which is a common form of Trau-
matic Brain Injury (TBI) in the pediatric population.
[0003] There are also existing imaging technologies
that utilize the Near Infra-Red (NIR) spectrum; examples
are described in WO 2006/121833 and WO
2011/084480. The former is an older approach which
cannot handle full head sampling and bilateral injuries;
this is problematic, since approximately 20% of hemato-
mas are bilateral. The latter is a technique which can
provide rudimentary surface maps of hematomas; how-
ever, it lacks true 3D capabilities and further has no tech-
nology to ensure full coverage, relying purely on the train-
ing of the user to guarantee coverage, which is a slow
and subjective approach. Thus, the prior art NIR ap-
proaches have at least three deficits that need to be ad-
dressed:

1. Objective complete coverage by the untrained us-
er. Neither of the aforementioned prior art devices
objectively guarantees that full coverage can be ob-
tained as in a CT/MRI.
2. Providing localization of the hematoma in the
event of extra-cranial bleeding. The aforementioned
prior art provides a ’pseudo-volumetric image’ by
comparing images acquired at two depths; however,
this approach fails in the presence of a multi-layered
event created by, for example, an extra-cranial
bleed. If (as is often the case) there is an extra-cranial
bleed associated with the intra-cranial hematoma,
the extra-cranial bleed induces absorption in the sur-
face event at depth 1 and will create uncertainty
about the location and extent of the intra-cranial

bleed observed at depth 2.
3. Chronic monitoring. Chronic bleeds are often con-
tinuously monitored to check for evolution of the
bleed. With CT, there is a balance between how often
to image to ensure patient safety vs. the radiation
risks of multiple exposures. Although an NIR device
obviates the radiation risk and provides a better way
to study the evolution of a bleed, chronic monitoring
is not possible with the aforementioned technologies
because only the extent (2D) of the bleed can be
monitored. As a further example, US 2013/0169759
A1 describes a handheld optical imager with a flex-
ible probe face and the position of which is being
tracked by a CCD image sensor.

[0004] There is a need for new technology for early
detection of hematomas. Such new technology would
desirably permit rapid diagnosis, be portable (e.g. hand-
held), inexpensive, and capable of diagnosing acute in-
juries as well as monitoring chronic injuries with reduced
radiation exposure to patients as compared with conven-
tional CT and MRI technologies. It would be further de-
sirable that such new technology would permit volumetric
(3D) imaging in order to conduct full head sampling and
observe both hemispheres of the brain at the same time
for bilateral head injuries.
[0005] This background information is provided to re-
veal information believed by the applicant to be of pos-
sible relevance to the present disclosure. No admission
is necessarily intended, nor should be construed, that
any of the preceding information constitutes prior art
against the present disclosure.

BRIEF SUMMARY

[0006] An object of the present disclosure is to provide
an apparatus and method for detecting and predicting
shape and underlying object properties. In accordance
with an aspect of the present disclosure, there is provided
an imaging apparatus having: an array of at least three
co-planar electromagnetic transceiver defining a receiv-
ing plane; at least one deformable electromagnetic trans-
ceiver moveable orthogonally to the receiving plane; a
two dimensional (2D) position tracking device configured
to track a position of the electromagnetic transceiver on
a surface bounding a volume to be imaged; wherein the
electromagnetic transceivers are configured to generate
data from at least three depths below the surface for use
in creating an image of the volume when the apparatus
is moved along the surface.
[0007] In accordance with another aspect of the
present disclosure, there is provided an imaging appa-
ratus for a curved surface having: an array of at least
three co-planar points defining a receiving plane; a two
dimensional (2D) position tracking device configured to
track a position of the device on a surface bounding a
volume to be imaged; and wherein the apparatus is con-
figured to measure the curved surface using a pre-deter-
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mined curved surface measuring means to measure de-
formation of the position tracking device.
[0008] accordance with yet another aspect of the
present disclosure, there is provided a method of intrac-
ranial imaging having: providing an imaging apparatus
configured for movement along a surface of a cranium
to be imaged, the imaging apparatus configured to gen-
erate data from at least three depths below the surface
for use in creating an image of an intracranial volume;
comparing the optical density of the at least three layers
to determine an optical density ratio between the layers;
and, monitoring for changes in optical density ratio as a
function of time or distance moved by the imaging appa-
ratus along the cranium.
[0009] In accordance with yet another aspect of the
present disclosure, a method of intracranial imaging hav-
ing: providing an imaging apparatus moving along at
least three co-planar points defining a receiving plane,
and implementing a two dimensional (2D) position track-
ing device configured to track a position of the device on
a surface bounding a volume to be imaged, and wherein
the apparatus is configured to measure the curved sur-
face using a pre-determined curved surface measuring
means to measure deformation of the position tracking
device; comparing the optical density ratio of the surface
based on the curved surface means to measure defor-
mation; and monitoring for changes in optical density ra-
tio as a function of time or distance moved by the imaging
apparatus along the cranium.
[0010] According to an aspect of the present disclo-
sure, there is provided an imaging apparatus comprising:
an array of at least three co-planar electromagnetic trans-
ceivers defining a receiving plane; at least one deform-
able electromagnetic emitter moveable orthogonally to
the receiving plane; a two dimensional (2D) position
tracking device configured to track a position of the elec-
tromagnetic emitter on a surface bounding a volume to
be imaged; wherein the electromagnetic emitter and
transceivers are configured to generate data from at least
three depths below the surface for use in creating an
image of the volume when the apparatus is moved along
the surface.
[0011] The surface may be curved. In these instances
a curved surface measuring means may be utilized for
measurement of the curved surface. The curved surface
measuring means may be implemented in a variety of
ways as long as the method/mechanism allows for ac-
curate measurement of the curved surface.
[0012] In at least one embodiment, the curved surface
measuring means include obtaining the image by con-
tinuously re- aligning the data from two dimensional (Car-
tesian) co-ordinates into curvilinear co-ordinates. The
apparatus may further comprise a first gyroscope and a
second gyroscope spaced apart from the first gyroscope
in a direction orthogonal to the receiving plane by a known
distance. The apparatus may further comprises a dis-
placement sensor configured to measure deformation of
the at least one deformable electromagnetic emitter mov-

ing on the surface. The apparatus may further comprise
a removable component containing at least the electro-
magnetic emitter and electromagnetic transceivers. This
permits use of the apparatus with multiple interchange-
able removable components, each removable compo-
nent comprising a different spacing between the electro-
magnetic transceivers and/or between the electromag-
netic transceivers and the electromagnetic emitter. In the
case of medical imaging, selection of a particular remov-
able component may be based upon the age, gender or
ethnicity of a subject being imaged. The removable com-
ponent may comprise an opaque exterior housing, with
the electromagnetic transceivers and electromagnetic
emitter operable inside the housing. The electromagnetic
emitter may comprise an optical emitter (such as a near
infra-red [NIR] emitter) and the electromagnetic trans-
ceivers may comprise optical transceivers (such as NIR
transceivers). The optical emitter may comprise a light
emitting diode (LED) and the optical transceivers may
comprise light receiving diodes (LRD) or avalanche pho-
to-diodes (APD). The apparatus may be configured to
utilize multiple optical wavelengths and may be config-
ured to utilize a temporal multiplexer and/or band pass
filter to prevent contamination between the wavelengths.
[0013] In at least one embodiment, two or more gyro-
scopes are utilized for enhanced performance with re-
spect to measuring a curved surface of a subject.
[0014] An imaging system according to the present dis-
closure may comprise an imagine device as previously
described interconnected with a computer configured to
display a three- dimensional (3D) image of the volume
being imaged.
[0015] The imaging apparatus as previously described
may be used for intracranial imaging for the detection
and/or monitoring of a sub-dural or epidural hematoma
of a subject.
[0016] According to another aspect of the present dis-
closure, there is provided a method of intracranial imag-
ing comprising: providing a near infra-red (NIR) imaging
apparatus configured for movement along a surface of a
cranium to be imaged, the imaging apparatus configured
to generate data from at least three depths below the
surface for use in creating an image of an intracranial
volume; comparing the optical density of the at least three
layers to determine an optical density ratio between the
layers; and, monitoring for changes in optical density ratio
as a function of time or distance moved by the imaging
apparatus along the cranium.
[0017] The method may further comprise adjusting the
number of layers being imaged in response to a change
in the optical density ratio. The method may further com-
prise adjusting the rate of movement of the imaging ap-
paratus along the cranial surface in response to a change
in the optical density ratio. The method may further com-
prise comparing features of the image with a brain atlas
to obtain a registered image location within the cranium.
The method may further comprise creating a preferred
path for the imaging device based on the registered im-
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age location and the brain atlas. The method may further
comprise placing a head gear that is transparent to NIR
electromagnetic radiation on the cranium and indicating
the preferred path on the head gear. The preferred path
may be indicated with reference to electromagnetic ref-
erence signals of the head gear that interact with the
imaging device to indicate its position on the head gear
or by optically detectable reference indicia on the head
gear.
[0018] The present disclosure provides advanced
shape tracking and predictive shape navigation with multi
layered imaging capacity for real-time tomographic re-
construction of structural contrast. The present disclo-
sure provides an approach to imaging that permits cre-
ation of true tomographic images with objectively guar-
anteed coverage. These shape extraction and predictive
tracking models have further applications to a multitude
of medical technologies. They are especially relevant in
the current drive to the development of ’tricorder like’
technologies.
[0019] The present disclosure is also useful for any
implementation where surface reconstruction is required
using a surface scanning technology, either purely for
surface retrieval - with applications from art studies (e.g.
contact shape and texture copying) to exploration tech-
nologies (e.g. wreck exploration) - or for any studying
environment where scanning is occurring and the need
to know the structure of the scan is important as well the
data scanned (e.g. scanning a pipeline for material de-
fects or damage).
[0020] The present disclosure is also useful for any
volumetric imaging that can be achieved by some form
of contrast imaging or ’shadow casting’ can be imple-
mented with the present disclosure; for example, looking
for impurities in a neutron reactor. Predictive tracking is
an even broader area of application. Some applications
include: medical scanning from small handheld technol-
ogies passed over the body ensuring objective full cov-
erage; exploring a wreck remotely where, given a ship’s
layout, a drone could guide itself over the whole vessel
checking the surface for weaknesses and stresses that
may be risks to divers; remote surveying; tracking for
exploring mineral deposits underground; space rovers
and so forth.
[0021] The layered structural imaging in real time also
has multiple uses in medical imaging using NIR. Such
uses include, for example, obtaining better models for
any structural studies currently done using sophisticated
algorithms with static devices with limited sampling.
These include, but are not limited to, stroke studies and
breast cancer studies. Uses may be extended to volu-
metric spectroscopic imaging at multiple scales and mul-
tiple wavelengths.
[0022] One application of the technology is in the de-
tection and imaging of hematomas. The present disclo-
sure is useful in acute and chronic, sub and epidural he-
matoma detection and imaging for triage. The present
disclosure uses multiple depths of sensory paths to re-

cover a layered structural image of the medium. The
present disclosure includes advanced mathematical
techniques to capture shape and uses a priori atlases to
guide and determine the path of tracking/measurement.
An objective design is provided to ensure coverage of
the full head based on advanced shape tracking models
and predictive motion guidance systems.
[0023] In another medical embodiment, the present
disclosure may be used to measure concussions due to
potential physiological changes induced in the event.
There is some suggestion that concussion induces a
change in the volume of cerebrospinal fluid. The present
disclosure may be adapted to detect near cranial surface
changes in cerebrospinal fluid. As such, a concussion
detection system may be provided.
[0024] Recent literature in the art has shown that near
surface changes in thickness of the cerebrospinal fluid
relates to the presence of a concussion. By using multiple
NIR sensors over a known curvature we can detect the
thickness and depth of the CSF by way of shape descrip-
tors obtained from the intensity profile across the surface.
By tracking this in motion across a known shape one may
create a map of CSF thickness in this region. This infor-
mation will provide a map of the CSF beneath the skull,
and will provide information on abnormal thickening
which would indicate the presence of a concussion.
[0025] In another medical embodiment, biological
markers have been identified whose presence in the CSF
indicate a negative response to the "return to play" ques-
tion. The absence of said markers allow for a "return to
play" (or combat, or remove the flag for a state of height-
ened risk from further head injury). It is possible to tag
said markers using known antibodies or affibodies
tagged with an imaging marker. Such markers would be
detectable using such an apparatus and map-able over
the head.
[0026] The use of multi-layered devices to address true
volumetric as opposed to pseudo-volumetric images is
a significant improvement over the two-layered device of
WO 2011/084480. Further, the present disclosure aban-
dons the requirement for multiple wavelengths without
sacrificing utility, which is significant in an effort to simplify
the technology to its basic need. This allows use of prac-
tically any NIR wavelength, thereby simplifying the de-
tection system by making the detection system wave-
length independent.
[0027] The present disclosure may provide any one or
more of the following advantages:

1. Objective complete coverage by the untrained us-
er. The present disclosure permits obtaining full cov-
erage as in a pre-existing structural image (e.g., CT
and MRI, and the like), where it is objectively guar-
anteed. With the new atlas guided tracking system,
an objectively guaranteed objective coverage using
a miniaturized scanning imaging device is provided.

2. Providing localization of the hematoma in the

5 6 



EP 3 068 307 B1

5

5

10

15

20

25

30

35

40

45

50

55

event of extra-cranial bleeding. By applying a multi-
layered model a layered volumetric image may be
recovered fully, allowing discrimination of the possi-
bility of an intracranial bleed beneath an extra-cranial
bleed. In order to acquire better sensitivity and spe-
cificity the present disclosure adds extra layers of
information to provide higher sensitivity, with specif-
icity following from this.

3. Chronic monitoring. The use of multiple layers per-
mits study of the true 3D (extent and thickness) ev-
olution of the bleed as regularly as needed without
irradiation risk. This is significant since the depth in-
formation is important, providing information about
how much the hematoma is impinging on the brain.

4. Further features will be described or will become
apparent in the course of the following detailed de-
scription. It should be understood that each feature
described herein may be utilized in any combination
with any one or more of the other described features,
and that each feature does not necessarily rely on
the presence of another feature except where evi-
dent to one of skill in the art.

BRIEF DESCRIPTION OF THE FIGURES

[0028] Embodiments of the present disclosure will be
better understood in connection with the following Fig-
ures, in which:

Figure 1 schematically illustrates intended geometry
of a tracking head for a shape recovery/tracking sen-
sor system for a device of the present disclosure in
which the configuration is designed to achieve a four
point geometry intended to give a 3D reference po-
sition;

Figure 2 schematically illustrates the concept of re-
covery of curvature from a deformation applied to a
shape recovery/tracking sensor system for a device
of the present disclosure, where Figure 2A illustrates
the formation of a measured tetrahedral and Figure
2B illustrates the calculable fitted sphere constrained
by the measured height;

Figure 3 schematically illustrates use of two gyro-
scopes on a stem separated by distance r with b
being a distance delta r from a third motion sensor
(e.g. a surface tracker) in a shape recovery/tracking
sensor system for a device of the present disclosure;

Figure 4 schematically illustrates how to differenti-
ate between extra-cranial and intra- cranial bleeds
by identifying a skull/scalp layer between the two
bleeds using extra penetration depths provided by a
multi-layered NIR array sensor system in accord-
ance with the present disclosure; and,

Figure 5 schematically illustrates a multi-layered
NIR array sensor system for a device in accordance
with the present disclosure to implement the differ-
entiation illustrated in Figure 4.

DETAILED DESCRIPTION

Definitions

[0029] The instant disclosure is most clearly under-
stood with reference to the following definitions:
[0030] Unilateral hematoma shall be understood to
mean a hematoma inside the head and in which blood
collection or accumulation takes place on one side of the
head.
[0031] Bilateral hematoma shall be understood to
mean a hematoma inside the head and in which blood
collection or accumulation takes place on both sides of
the head.
[0032] An epidural hematoma shall be understood to
mean a hematoma inside the head and where the blood
collects or accumulates outside the brain and its fibrous
covering (the Dura), but under the skull.
[0033] A subdural hematoma (SDH) shall be under-
stood to mean a hematoma inside the head and where
the blood collects or accumulates between the brain and
its Dura.
[0034] An intracerebral hematoma shall be understood
to mean a hematoma inside the head and where the
blood collects or accumulates in the brain tissue.
[0035] A subarachnoid hematoma or hemorrhage
(SAH) shall be understood to mean a hematoma inside
the head and where the blood collects or accumulates
around the surfaces of the brain, between the Dura and
arachnoid membranes. The term patient shall be under-
stood to include mammalians including human beings as
well as other members of the animal kingdom.
[0036] An Extra Cranial Bleed shall refer to any accu-
mulation of blood outside the cranium (skull) of the pa-
tient.
[0037] An Intra Cranial Bleed shall refer to any accu-
mulation of blood inside the cranium (skull) of the patient.
It shall include, but not be exclusively: epidural, subdural,
unilateral and bilateral hematomas, also included will be
intracerebral hematomas.
[0038] An Acute Hematoma shall refer to the medical
condition of a rapidly evolving bleed requiring immediate
treatment.
[0039] A Chronic Hematoma shall refer to the medical
condition where the hematoma is small and evolving over
time, requiring inpatient care and assessment over ex-
tended periods (multiple imaging cycles) to assess treat-
ment needs.
[0040] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this present disclosure belongs.
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Embodiments

[0041] Two primary embodiments are described here-
in, although the methods, devices and apparatuses de-
scribed generally herein have a broad range of applica-
tions and lend themselves to many additional embodi-
ments. Further, components of the present disclosure
may be applied either individually or as a whole to other
applications.
[0042] In the first embodiment, a portable imaging de-
vice is provided for detection of hematoma. This device
uses a multi-layered (3 or more) model and circuitry and
algorithms designed to discriminate different depths with-
in the head and identify any ’concealed intracranial
bleed’. This device is provided in a version with a guid-
ance system and a version without a guidance system.
The device may also include multiple interchangeable
detection heads to accommodate different skull thick-
nesses, which may vary according to age, race and gen-
der.
[0043] In the second embodiment, an imaging device
is provided and connected with a computing apparatus.
In the second embodiment, a greater number of layers
are employed to create more complete volumetric imag-
es of the hematoma for use in, for example, research or
surgical guidance. The second embodiment may employ
a portable imaging device according to the first embod-
iment as a detector that is equipped with an appropriate
detection head and interfaced by wireless or wired con-
nection to the computer apparatus. Alternatively, the im-
aging device of the second embodiment may be purpose
built for greater sensitivity and/or field of view. For chronic
monitoring applications, the second embodiment may in-
clude a stand, helmet or similar support structure to assist
in positioning the imaging device proximal to the patient’s
head for a prolonged period of time.

Decoupling Motion from Shape

[0044] The prior art in the field of shape reconstruction
and remote sensing applications (where an object’s ge-
ometry is recovered) relies upon data collected at a dis-
tance, using fixed position sensor readings obtained from
multiple sensors of known location applied to a static tar-
get. In the present disclosure, data must be collected
from tracking points proximate a target using a single
light source that is not at a fixed location, with the sensor
placed upon a living target (i.e. potentially moving). This
provides an entirely different problem. Current solutions
involve the use of fixed observation points monitoring the
moving measurement device (stereotaxic imaging), or
using a single gyroscopic measure to monitor the motion
of the device and recover its path and orientation. These
fall short if the target object is moving. This provides a
problem in terms of decoupling the motion of the device
caused by the moving target from the spatial information
collected as the imaging device moves over the target.
[0045] The present disclosure employs two approach-

es to overcome these problems. The approaches are
based upon the premise that, given a surface that is in-
herently 2D, a tracker (e.g. a mouse tracker) may be used
to describe changes in location of the tracker on the sur-
face; however the X-Y coordinate system will be non-
unique and may be distorted by curvature. Despite this,
local differential changes may be examined and convert-
ed to accurate surface translations if the local curvature
of the object is understood.
[0046] A first technique for accomplishing this is based
on using two gyroscopes placed at known distances from
the X-Y measure to permit decoupling of the yaw of the
device due to target shape from the yaw due to target
motion.
[0047] A second technique measures the deflection of
a sensor caused by the shape of the object if it is mounted
at a known point inside a fixed three point geometry. This
provides a known tetrahedron with a known Great sphere
that will fit the four apexes. This provides a direct way to
measure shape change by decoupling the motion of the
target from the measurement.

Shape Recovery

[0048] Using standard algorithms, if the motion of an
object is tracked in a fixed 3D frame, the object’s location
and path may be described and a shape based on this
trajectory may be generated. However, if the 3D frame
is also moving, it is more difficult to determine the object’s
path and generate a shape, because it is difficult to sep-
arate motion of the object from motion of the tracking
device. In one aspect of the present disclosure, an ap-
proach to handling this problem is provided. It can be
shown mathematically that any closed surface object (or
part thereof) is uniquely described by its surface normal
and surface location in 2D. To measure this, a device
such as a mouse tracker is first used to acquire 2D lat-
eralisation and continuously transformed as the mouse
travels based on the Jacobian of transformation to con-
tinuously realign these changes to the local differential
changes based on the surface topology or curvature
change. Extracting this simultaneously is important. In
the first instance one could use a single gyroscope, but
this is susceptible to changes induced by the motion of
the object and not the changes in the object itself. To
avoid this, the following approaches are used.
[0049] In at least one embodiment, by using a deform-
able device head (similar to a razor head) with three fixed
contact points (forming a tripod), a measurable, contin-
uously variable deformation is created at the centre of
this deformable surface. If the deformation is measured
(by any method including, but not limited to, a laser range-
finder or a spring based deformation calibration) the local
’Great Sphere’ generated by this deformation may be
extracted from trigonometric relations. This provides the
local curvature of the surface. As the device is moved
and the curvature changes, shape information is ob-
tained which is completed by x-y tracking at the same
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location. This configuration is illustrated in Figure 1 and
Figure 2. As stated above, the x-y data needs to be rec-
alibrated to θφ (or similar curvilinear coordinates) based
on the Jacobian of transformation, as they are not equiv-
alent to latitude and longitude when measured using a
conventional sensor. In at least one embodiment, the uti-
lization of a deformable device head comprises a curved
surface measuring means.
[0050] Referring to Figure 1 and Figure 2, Figure 1 il-
lustrates the intended geometry of the tracking head. The
configuration is designed to achieve a four point geom-
etry intended to give a 3D reference position. Three fixed
points are given by the corners 100 of the device chassis,
or by other fixed structures incorporated in other embod-
iments. These form the base of a tetrahedron that will be
described below with reference to Figure 2. The fourth
point is a deformable sensor 110 that deforms orthogo-
nally to the plane of the three fixed points; in the current
embodiment, the forth point is situated at the circumcent-
er of the triangle of points. This position is chosen solely
for the ease of the mathematics and other non-centrally
located embodiments may also be used, but would re-
quire more extensive mathematical models to resolve
the 3D shape.
[0051] Figure 2A and Figure 2B illustrate the concept
of recovery of curvature from a deformation, where Fig-
ure 2A shows the formation of a measured tetrahedral
and Figure 2B shows the calculable fitted sphere con-
strained by the measured height. Figure 2A shows how
a tetrahedron is formed when deformable sensor 110
moves away from the plane created by fixed points 200
at the corners 100 of the device chassis. The deformation
gives the tetrahedron a measured height 220. The design
of this is such that the ’largest sphere’ that sits on all
points of the tetrahedron can be detected, giving us a
measure of curvature at deformable point 210, which is
the location of the deformable sensor 110 out of the plane
defined by the fixed points 200. Figure 2B illustrates the
great circle 240 of the sphere passing through deforma-
ble point 210 and one apex of the triangle created by one
of the fixed anchor points 200. If the triangle is equilateral
this is identical to all three points, making the math sim-
pler, although other configurations are possible with more
complex mathematics. In this instance we may derive
from the geometry of the triangle and the height 220 of
the tetrahedron the radius of this great circle 240, equiv-
alent to the radius of the sphere. This gives a local meas-
ure of curvature. As the device is translated around, this
curvature will change giving the local shape, along with
a measure of the δx and δy provided by a collocated
tracking device (either a mouse tracker or similar). It is
envisaged that the deformation sensor would work off
the ’back’ of the motion tracking device, with zero being
set as the depth of the tracking unit. Using spherical co-
ordinates, or other mathematical corrections, δx and δy
can be translated into angular components of shift giving
true surface motion. As the curvature is constantly up-
dated, the location may be modified based on the com-

bined data.
[0052] With reference to Figure 3, in a second ap-
proach, two gyroscopes 390 and 391 may be used at
fixed positions (distances) from an x-y motion tracker
392. Using trigonometric relations it may be established
that the two gyroscopes’ movements come from the mo-
tion relative to a surface 370 and the motion of the surface
370. By having the local distance of travel, the vectors
of translation may be computed and global movement
may be separated from local movement, thereby return-
ing a shape. A changing surface normal δn is generated,
which permits regeneration of the great circle, from where
it is possible to proceed as outlined above. Figure 3 il-
lustrates the two gyroscopes 390 and 391 on a stem sep-
arated by distance r along a tracking device axis 380 with
gyroscope 391 being a distance δr from the x-y motion
tracker 392 (e.g. a surface tracker) along a deformable
component 381 of the device axis 380. The quantity of
interest is the angular change in the gyroscope positions
as a head of the motion tracker 392 moves in a yaw Yc.
However a further yaw Yhead will be introduced by the
motion of the head so the angular component will have
to be extracted from the relative yaws Ya and Yb of the
two fixed positions and the x-y component tracked by the
distance moved at the head. This may be done by as-
suming δr « r and therefore negligible, or by measuring
it and giving a recursive algorithm to eliminate Yhead.

Shape Tracking (Prediction)

[0053] It is commonly known that one may register a
volumetric image of any individual’s head to an atlas head
based on a variety of techniques. It is in fact a much
simpler task to map one surface to another, in a similar
way that image warping is achieved between two faces.
If a shape is being generated as the scanning device
travels, as described previously, the generated shape
may then be mapped to a predicted atlas shape (e.g. a
head, pipeline, room configuration). As tracking contin-
ues, an increased data (larger shape), is obtained, which
permits improvement in the prediction of where the scan-
ning device is located, in a similar fashion as a Kahlman
filter. This is a novel approach to updating registration
based on partial data extraction. Having done this, the
position of the scanning device may be predicted, as it
is now possible to register the image as it is taken and
use this as a guide to where the scanning device needs
to go next, for example via a user interface screen with
an image of the atlas with a ’tracking path’ on it showing
where the scanning device is and where it is traveling,
leaving the user then to ’follow’ the path. Alternatively, in
some remote applications, a guidance software and as-
sociated motor hardware are included to allow the device
to move itself.

Layered Imaging

[0054] A layered image is generated by providing rati-
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ometric measurements from one depth to another. To
achieve maximum accuracy, it is possible to provide a
set of measures by combining variation of ratios. For ex-
ample, one could generate a simple (naive) image by
comparing one depth to all others. However, the present
disclosure allows more sophisticated images to be gen-
erated by comparing each depth to its predecessor, or
by skipping ’n’ (where n is some number) depths. By us-
ing combinatorial logic of different ratios, the best (sharp-
est) images are provided. One must further appreciate
that ’best’ will be application dependent, so the method-
ology is described herein in its most generic form.
[0055] Specifically, in terms of targeting the extra-cra-
nial bleeds and detecting "hidden intra-cranial bleeds",
the sudden change in all channels caused by an extra-
cranial bleed allows the imaging device to ’switch mode’
from a simple approach of looking at the local vs. global
ratios to including a quasi-local to local ratio based on
the multiple depths as a normalising factor to detect the
presence of blood-skull-blood. The exact methodology
may depend upon one or more of race, gender and age,
due to the associated variation in skull thickness. This
technique allows one to regenerate background averag-
es and determine the presence/absence of a non-blood
layer sandwiched between the two blood layers based
on ratiometric comparison.
[0056] The multi-layered principle of this device, in its
simplest implementation (3 sensory depths) is illustrated
in Figure 4. Figure 4 illustrates how, by probing multiple
depths, layered structure may be recovered; for example,
in the case of an extra-cranial bleeding covering an in-
tracranial injury. In the presence of an extracranial bleed
420, prior art methods and devices are unable to make
decisive comment on the presence of an intracranial
bleed 440. For example, the device described in WO
2006-121833 will simply detect the presence or absence
of blood and the extracranial bleed will cause an auto-
matic positive. The device described in WO 2011/084480
will produce unknown data and it will be unable to provide
a definitive answer as to whether or not the image is
confounded by an extra-cranial bleed. In contrast, the
device of the present disclosure uses at least 3 depths
to differentiate a multi-layered model, thereby permitting
separation of the extra and intra cranial bleeds by iden-
tifying a skull/scalp layer 430 between them using extra
penetration depth or depths. NIR paths 450 illustrated in
Figure 4 passing from a source 400 to each of detectors
410,411,412 show clearly how differentiation is
achieved. The number of paths and detectors may in-
crease beyond three, depending on the potential range
of thicknesses of the extracranial bleed 420. Further em-
bodiments of the device utilize more layers in order to
see ’beneath’ the intracranial bleed 440 to provide thick-
ness information in an evolving chronic hematoma.

Physical Aspects

[0057] A device of the present disclosure has two built

in sensor systems, the first being a NIR array designed
to assess the underlying tissue structure, for example,
and the second being a shape recovery/tracking sensor
system. The former is illustrated in Figure 4 from a func-
tional perspective. The latter is described in detail in Figs.
1-3.
[0058] Physically, the device may employ a single light
source (e.g. light emitting diodes (LED)) and an array of
detectors (e.g. light receiving diodes (LRD) or avalanche
photo diodes (APD)). With reference to Figure 5, the de-
vice may be arranged such that light source 510 is placed
near one apex of a triangular head 530 of the device and
then an array of detectors 500 (only four of fourteen la-
beled) are placed at known distances from the light
source 510. In Figure 5, four banks or rows of detectors
500 (one labeled in each row) are illustrated, each row
of detectors initially providing one signal. However, in
other embodiments of the device the signals may be sep-
arated for advanced imaging techniques. In Figure 5, the
rows are seen vertically and to the right of the light source
510 with two detectors in the first row, three detectors in
the second row, four detectors in the third row and five
detectors in the fifth row.
[0059] The use of a laser mouse type motion tracker
may lead to cross contamination of the sensor data, so
frequency multiplexing or the use of wavelength band-
pass filters to separate the light based signals may be
necessary.
[0060] Given the successful layering as illustrated by
Figure 4, the question of depth penetration of the array
must be considered in the present disclosure. In the prior
art, the heads of the devices do not affect the geometry
of the sensor array in the device. In the present disclo-
sure, interchangeable heads are designed specifically to
adjust the geometry of the sensor array to make it age,
gender and ethnicity specific. In one embodiment, there
are heads for two genders, two age groupings and po-
tentially 2 or 3 primary ethnicities. The idea of depth spe-
cific configurations, based on subject, is unique to the
present device in the NIR literature. To achieve depth
specific configurations, a flexible set of sources and de-
tectors that return to a resting state are provided. As the
detection head of the device is applied to the patient, it
collects data from each source and detector and guides
it to the correct location based on the age, gender and
ethnicity of the subject for which the detection head is
designed. In one embodiment, the head is optically trans-
parent at the setting for the source/detector, but else-
where it is optically opaque to prevent light leakage.
Heads desirably are sterilizable or at least include a dis-
posable sterilizable component due to the potential of
blood being present and the need for sterility of the de-
vice.
[0061] In an alternative embodiment, a diffuse optical
device may be employed in which the detectors are in-
terchangeable with the light source, and temporal or fre-
quency modulation is used to extract the different data
channels. Thus, a single detector may be used and the
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light source multiplexed for measurement of different lay-
ers. This is especially useful for devices for multiple lay-
ered measurements where the number of detectors
would otherwise be too large for a portable device. Dif-
fuse optical strategies thus permit the construction of
smaller, less expensive devices with less cumbersome
electronics.

Method of Using a Device for Diagnosis

[0062] The aim is to minimise the number of potential
detection heads. The choice of detection head may rely
upon whether or not the patient is adult vs. child, male
vs. female and then ethnicity. Ethnic measures of skull
thickness may indicate 2 possibly 3 different choices. It
is possible to remove the need for detection head selec-
tion by employing greater separation distances (greater
than 3). However, it may be important to have a head
selection option available.
[0063] The device is applied to a head of the subject
starting at a fixed point (above an ear for example). The
user then spirals the device to cover the whole of the
subject’s head to search for any possible injury. This
process provides full head coverage. To ensure full head
coverage, a guidance screen may be included that in-
forms the user how to move the device. The guidance
screen may involve any suitable type of screen, for ex-
ample an LCD screen (or similar) with a tracker path, a
warning bar that shows the user whether they are follow-
ing the prescribed path, or a combination thereof.
[0064] When used as an emergency diagnostic tool,
the imaging apparatus may have an indicator light to in-
form the user that a hematoma is present and that the
patient’s care should be prioritized accordingly. The sec-
ond embodiment involves the use of a secondary com-
puter device (laptop or desktop), optionally with a wired
connection, a wireless connection, or a bespoke docking
unit. The computer runs software on the data collected
from the imaging device to provide an image of the head
giving the location of the bleed. In further embodiments,
a plurality of detectors may provide a greater number and
more advanced volumetric images, providing not only
information on where to drill to alleviate pressure but also
the option to continuously monitor the evolution of a
chronic condition to allow for the determination of when
surgical intervention becomes necessary.
[0065] In the case of a priori known environments, for
example in medical imaging applications, a priori shape
information about an object to be measured (e.g. the
head of a subject) may be available to help ensure cov-
erage of the measuring operation and shape recovery
from the measurements made. In such cases, a suitable
path could be pre-marked on the object and the path may
be tracked to ensure coverage and shape recovery. How-
ever, it is challenging to correctly describe a suitable path
on an object and then to correctly follow the path with the
measuring device. To accomplish this, an inert shape
fitting cover may be applied to the object being measured

and a surface path marked on the cover to provide a
reference for determining the position of the measuring
device as it moves on the cover. A priori information from
a "generic" shape of the object together with information
provided about the interaction of the measuring device
with the cover provides position tracking and shape re-
construction.
[0066] In one embodiment where a person’s head is
being scanned, an optically neutral head gear (e.g. a cap
such as a ’swim cap’ like attachment) may be placed on
the person’s head and a suitable path "marked" on the
head gear. This has the added advantage of providing
extra sterility and ease of use of the measuring device.
The path may be "marked" in a variety of ways.
[0067] In at least one embodiment, a set of RF trans-
mitters may be embedded in the head gear to permit
continuous triangulation of the position of the measuring
device on the head gear during the measuring operation.
Data from the RF transmitters may be stored in the meas-
uring device and outputted in the same manner as the
optical data collected by the measuring device.
[0068] A track marked as a bar code may be applied
to the head gear and some ’image’ of the bar code may
be stored while the measuring device is in transit. From
the image of the bar code, the position of the measuring
device along the track may be recovered at any time,
thereby recovering the location of the measuring device.
[0069] A track with a raised tracking edge may be ap-
plied to the head gear and the measuring device hooked
to the head gear via the raised edge. Position of the meas-
uring device may be provided from images of the raised
track in a way similar to the bar code, and the raised track
may provide a way to ensure continuous contact of the
measuring device with the person’s head.

References:

[0070]

Ben Dor B, et al. (2006) System and Method for De-
tection of Hematoma. International Patent Publica-
tion WO 2006-121833 published November 16,
2006.
Riley JD, et al. (2011) Method for Detecting Hemato-
ma, Portable Detection and Discrimination Device
and Related Systems and Apparatuses. Internation-
al Patent Publication WO 2011/084480 published
July 14, 2011.

[0071] The novel features will become apparent to
those of skill in the art upon examination of the descrip-
tion. It should be understood, however, that the scope of
the claims should not be limited by the embodiments, but
should be given the broadest interpretation consistent
with the wording of the claims and the specification as a
whole.
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Claims

1. An imaging apparatus comprising:

an array of at least three co-planar electromag-
netic transceivers defining a receiving plane;
at least one deformable electromagnetic emitter
moveable orthogonally to the receiving plane;
a displacement sensor configured to measure
the orthogonal deformation of the at least one
deformable electromagnetic emitter moving on
a surface bounding a volume to be imaged; and
a two dimensional, 2D, position tracking device
configured to track a position of the electromag-
netic emitter on the surface bounding a volume
to be imaged;

wherein the electromagnetic emitter and transceiv-
ers are configured to generate data from at least
three depths below the surface for use in creating
an image of the volume when the apparatus is moved
along the surface.

2. The apparatus according to claim 1, wherein the sur-
face is curved and wherein the image is obtained by
continuously realigning the data from two dimension-
al Cartesian co-ordinates into curvilinear co-ordi-
nates.

3. The apparatus according to any one of claims 1 to
2, wherein the electromagnetic transceivers are op-
tical transceivers and the electromagnetic emitter is
an optical emitter.

4. The apparatus according to claim 3, wherein the op-
tical emitter is a near infra-red, NIR, emitter and the
optical transceivers are NIR transceivers.

5. The apparatus according to claim 3, wherein the op-
tical emitter comprises a light emitting diode, LED,
and wherein the optical transceivers comprise a light
receiving diode, LRD, or avalanche photo-diode,
APD.

6. The apparatus according to any one of claims 3 to
5, wherein the apparatus is configured to utilize mul-
tiple optical wavelengths.

7. The apparatus according to claim 6, wherein the ap-
paratus is configured to utilize at least one of a tem-
poral multiplexer, band pass filter, and frequency
multiplexer to prevent contamination between the
multiple optical wavelengths.

8. The apparatus according to any one of claims 1 to
7 wherein an imaging system is interconnected with
a computer configured to display a three-dimension-
al, 3D, image of the volume.

9. The apparatus according to any one of claims 1 to
8 wherein the imaging apparatus is used for intrac-
ranial imaging for the detection and monitoring of a
hematoma of a subject.

10. The apparatus according to any one of claims 1 to
8, wherein the imaging apparatus is used for intrac-
ranial imaging for the detection and monitoring of a
concussion of a subject.

11. A method of intracranial imaging comprising:

providing an imaging apparatus as defined in
any one of claims 1 to 10, configured for move-
ment along a surface of a cranium to be imaged,
the imaging apparatus configured to generate
optical density data from at least three depths
below the surface for use in creating a layered
image of an intracranial volume;
comparing the optical density data of the at least
three depths to determine an optical density ratio
between the depths; and,
monitoring for changes in optical density ratio
as a function of time or distance moved by the
imaging apparatus along the cranium.

12. The method according to claim 11, wherein the meth-
od further comprises:

adjusting the number of layers being imaged in
response to a change in the optical density ratio;
adjusting the rate of movement of the imaging
apparatus along the cranial surface in response
to a change in the optical density ratio; and/or
comparing features of the image with a pre-ex-
isting structural image to obtain a registered im-
age location within the cranium, wherein the pre-
existing structural image comprises at least one
of: a brain atlas and MRI.

13. The method according to claim 12, wherein the meth-
od further comprises creating a preferred path for
the imaging device based on the registered image
location and the preexisting structural image.

14. The method according to claim 13, wherein the meth-
od further comprises placing head gear that is trans-
parent to NIR electromagnetic radiation on the cra-
nium and indicating the preferred path on the head
gear.

15. The method according to claim 14, wherein the pre-
ferred path is indicated with reference to electromag-
netic reference signals of the head gear that interact
with the imaging device to indicate its position on the
head gear or by optically detectable reference indicia
on the head gear.
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Patentansprüche

1. Abbildungsvorrichtung mit:

einer Anordnung von wenigstens drei koplana-
ren Transceivern, die eine Empfangsebene de-
finieren;
wenigstens einem verformbaren elektromagne-
tischen Sender, der orthogonal zu der Emp-
fangsebene bewegbar ist;
einem Verlagerungssensor zum Messen der or-
thogonalen Verformung des wenigstens einen
verformbaren elektromagnetischen Senders,
der sich auf einer Oberfläche bewegt, die ein
abzubildendes Volumen begrenzt; und
einer zweidimensionalen, 2D-, Positionsverfol-
gungsvorrichtung zum Verfolgen einer Position
des elektromagnetischen Senders auf der Ober-
fläche, die ein abzubildendes Volumen be-
grenzt;

wobei der elektromagnetische Sender und die elek-
tromagnetischen Transceiver ausgelegt sind, um
von wenigstens drei Tiefen unter der Oberfläche Da-
ten zu erzeugen, die verwendet werden, um ein Bild
des Volumens zu erstellen, wenn die Vorrichtung
entlang der Oberfläche bewegt wird.

2. Vorrichtung nach Anspruch 1, wobei die Oberfläche
gekrümmt ist und wobei das Bild durch kontinuierli-
ches Neuausrichten der Daten von zweidimensio-
nalen, kartesischen Koordinaten in krummlinige Ko-
ordinaten gewonnen wird.

3. Vorrichtung nach Anspruch 1 oder 2, wobei die elek-
tromagnetischen Transceiver optische Transceiver
sind und der elektromagnetische Sender ein opti-
scher Sender ist.

4. Vorrichtung nach Anspruch 3, wobei der optische
Sender ein Nahinfrarot-, NIR-, Sender ist und die
optischen Transceiver NIR-Transceiver sind.

5. Vorrichtung nach Anspruch 3, wobei der optische
Sender eine Leuchtdiode, LED, umfasst und wobei
die optischen Transceiver eine Lichtempfangsdiode,
LRD, oder eine Lawinenfotodiode, APD, umfassen.

6. Vorrichtung nach einem der Ansprüche 3 bis 5, wo-
bei die Vorrichtung ausgelegt ist, um mehrere opti-
sche Wellenlängen zu nutzen.

7. Vorrichtung nach Anspruch 6, wobei die Vorrichtung
ausgelegt ist, um wenigstens entweder einen Zeit-
multiplexer, ein Bandpassfilter oder einen Frequenz-
multiplexer zu nutzen, um so eine Störung zwischen
den mehreren optischen Wellenlängen zu verhin-
dern.

8. Vorrichtung nach einem der Ansprüche 1 bis 7, wo-
bei ein Abbildungssystem mit einem Computer zum
Anzeigen eines dreidimensionalen, 3D-, Bildes des
Volumens verbunden ist.

9. Vorrichtung nach einem der Ansprüche 1 bis 8, wo-
bei die Abbildungsvorrichtung zur interkranialen Ab-
bildung zur Erfassung und Überwachung eines Hä-
matoms eines Subjekts verwendet wird.

10. Vorrichtung nach einem der Ansprüche 1 bis 8, wo-
bei die Abbildungsvorrichtung zur interkranialen Ab-
bildung zur Erfassung und Überwachung einer Ge-
hirnerschütterung eines Subjekts verwendet wird.

11. Verfahren zur intrakranialen Abbildung, das um-
fasst:

Bereitstellen einer Abbildungsvorrichtung nach
einem der Ansprüche 1 bis 10 zur Bewegung
entlang einer Oberfläche eines abzubildenden
Schädels, wobei die Abbildungsvorrichtung
ausgelegt ist, um Daten zur optischen Dichte
von wenigstens drei Tiefen unter der Oberfläche
zu erzeugen, die verwendet werden, um ein
Schichtbild eines interkranialen Volumens zu er-
stellen;
Vergleichen der Daten zur optischen Dichte der
wenigstens drei Tiefen, um ein Verhältnis der
optischen Dichten zwischen den Tiefen zu be-
stimmen; und
Überwachen von Änderungen des Verhältnis-
ses der optischen Daten in Abhängigkeit von der
Zeit oder der von der Abbildungsvorrichtung ent-
lang des Schädels zurückgelegten Strecke.

12. Verfahren nach Anspruch 11, wobei das Verfahren
ferner umfasst:

Einstellen der Anzahl von Schichten, die abge-
bildet werden, in Antwort auf eine Änderung des
Verhältnisses der optischen Daten;
Einstellen der Bewegungsrate der Abbildungs-
vorrichtung entlang der Schädeloberfläche in
Antwort auf eine Änderung des Verhältnisses
der optischen Daten; und/oder
Vergleichen von Merkmalen des Bildes mit ei-
nem bereits vorhanden Strukturbild, um einen
registrierten Bildort innerhalb des Schädels zu
gewinnen, wobei das bereits vorhandene Struk-
turbild wenigstens einen Atlas des Gehirns oder
ein MRI umfasst.

13. Verfahren nach Anspruch 12, wobei das Verfahren
ferner ein Erstellen eines bevorzugten Wegs für die
Abbildungsvorrichtung auf der Grundlage des regis-
trierten Bildorts und des bereits vorhandenen Struk-
turbilds umfasst.
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14. Verfahren nach Anspruch 13, wobei das Verfahren
ferner ein Anordnen einer Kopfbedeckung, die für
NIR-elektromagnetische Strahlung transparent ist,
auf dem Schädel und ein Anzeigen des bevorzugten
Wegs auf der Kopfbedeckung umfasst.

15. Verfahren nach Anspruch 14, wobei der bevorzugte
Weg mit Bezug auf elektromagnetische Referenzsi-
gnale der Kopfbedeckung, die mit der Abbildungs-
vorrichtung interagieren, um ihre Position auf der
Kopfbedeckung anzuzeigen, oder durch optisch er-
fassbare Referenzindikatoren auf der Kopfbede-
ckung angezeigt wird.

Revendications

1. Appareil d’imagerie comprenant :

un réseau d’au moins trois récepteurs électro-
magnétiques coplanaires définissant un plan de
réception;
au moins un émetteur électromagnétique défor-
mable pouvant être déplacé orthogonalement
au plan récepteur;
un capteur de déplacement apte à mesurer la
déformation orthogonale d’au moins un émet-
teur électromagnétique déformable se dépla-
çant sur une surface délimitant un volume à
imager ;
un dispositif de suivi de position bidimensionnel,
2D, configuré pour suivre une position de l’émet-
teur électromagnétique sur la surface délimitant
un volume à imager ; dans lequel les émetteur
et récepteurs électromagnétiques sont configu-
rés pour générer des données à partir d’au
moins trois profondeurs sous la surface, desti-
nées à être utilisées pour créer une image du
volume lorsque l’appareil est déplacé le long de
la surface.

2. Appareil selon la revendication 1, dans lequel la sur-
face est incurvée et dans lequel l’image est obtenue
en réalignant en continu les données à partir de coor-
données cartésiennes bidimensionnelles en coor-
données curvilignes.

3. Appareil selon l’une quelconque des revendications
1 à 2, dans lequel les récepteurs électromagnétiques
sont des récepteurs optiques et l’émetteur électro-
magnétique est un émetteur optique.

4. Appareil selon la revendication 3, dans lequel l’émet-
teur optique est un émetteur proche infrarouge, NIR,
et les récepteurs optiques sont des récepteurs NIR.

5. Appareil selon la revendication 3, dans lequel l’émet-
teur optique comprend une diode électrolumines-

cente, DEL, et dans lequel les récepteurs optiques
comprennent une diode réceptrice de lumière, LRD,
ou une photodiode à avalanche, APD.

6. Appareil selon l’une quelconque des revendications
3 à 5, dans lequel l’appareil est configuré pour utiliser
plusieurs longueurs d’ondes optiques.

7. Appareil selon la revendication 6, dans lequel l’ap-
pareil est configuré pour utiliser au moins un multi-
plexeur temporel, un filtre passe-bande et un multi-
plexeur de fréquence afin d’empêcher une contami-
nation entre les multiples longueurs d’onde optiques.

8. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel un système d’imagerie est inter-
connecté avec un ordinateur configuré pour afficher
une image tridimensionnelle,3D, du volume.

9. Appareil selon l’une quelconque des revendications
1 à 8, dans lequel l’appareil d’imagerie est utilisé
pour une imagerie intracrânienne pour la détection
et la surveillance d’un hématome d’un sujet.

10. Appareil selon l’une quelconque des revendications
1 à 8, dans lequel l’appareil d’imagerie est utilisé
pour une imagerie intracrânienne pour la détection
et la surveillance d’une commotion cérébrale d’un
sujet.

11. Procédé d’imagerie intracrânienne comprenant :

la fourniture d’un appareil d’imagerie défini se-
lon l’une quelconque des revendications 1 à 10,
configuré pour se déplacer le long d’une surface
d’un crâne à imager, l’appareil d’imagerie étant
configuré pour générer des données de densité
optique à partir d’au moins trois profondeurs
sous la surface pour une utilisation dans la créa-
tion d’une image en couches d’un volume intra-
crânien;
la comparaison des données de densité optique
d’au moins trois profondeurs pour déterminer un
rapport de densité optique entre les profon-
deurs; et
la surveillance des modifications du rapport de
densité optique en fonction du temps ou de la
distance parcourue par l’appareil d’imagerie le
long du crâne.

12. Procédé selon la revendication 11, dans lequel le
procédé comprend en outre :

l’ajustement du nombre de couches imagées en
réponse à une modification du rapport de den-
sité optique ;
l’ajustement de la vitesse de déplacement de
l’appareil d’imagerie le long de la surface crâ-
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nienne en réponse à une modification du rapport
de densité optique; et/ou
la comparaison des caractéristiques de l’image
avec une image structurelle préexistante pour
obtenir un emplacement d’image enregistré
dans le crâne, l’image structurelle préexistante
comprenant au moins l’un des éléments
suivants : atlas cérébral et IRM.

13. Procédé selon la revendication 12, dans lequel le
procédé comprend en outre la création d’un chemin
préféré pour le dispositif de formation d’image sur la
base de l’emplacement d’image enregistré et de
l’image structurelle préexistante.

14. Procédé selon la revendication 13, dans lequel le
procédé comprend en outre l’étape consistant à pla-
cer un engrenage de tête qui est transparent au
rayonnement électromagnétique NIR sur le crâne et
à indiquer le chemin préféré sur l’engrenage de tête.

15. Procédé selon la revendication 14, dans lequel le
chemin préféré est indiqué en référence à des si-
gnaux de référence électromagnétiques de l’engre-
nage de tête qui interagissent avec le dispositif de
formation d’image pour indiquer sa position sur l’en-
grenage de tête ou par des repères de référence
détectables optiquement sur la tête.
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