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Figure 1
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Figure 7
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Figure 8
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Figure 9
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Figure 10
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Figure 11
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IMAGING OF BURIED STRUCTURES

[0001] The invention relates to a method of obtaining an
image of buried structures in an object, in particular to imag-
ing structures such as vascular structures in biological tissue
by means of selective combining information derived from
tissue images in the visible range and the infra-red range.
[0002] A method describing such is disclosed in the inter-
national application WO0115597 by the same inventor. It has
been found, that obtaining a sufficiently clear image is diffi-
cult due to various problems. One problem is, that light ema-
nating from buried, in particular deeper parts of the object is
often much weaker than the light that is reflected directly by
the surface of the object. In practice, this means that a sepa-
ration of the specularly reflected light and light emerging
from deeper parts of the object may be needed in order to
identify underlying structures.

[0003] While separating these two types of light, for
instance by a known method of using polarized light and
using the fact that specularly reflected light keeps its polar-
ization direction, so that it can be filtered out by means of a
polarizing filter, a substantial amount of the light is lost that is
originating from the lower parts of the object, thus resulting in
a loss of image brightness and resolution. This invites to the
use of powerful light sources in order to receive sufficient
light from the lower parts in the process of separating the two
parts. However, especially in the area of imaging structures in
live objects, there is a maximum amount of light that may be
irradiated on the object.

[0004] WOO01/50955 shows a reflective arrangement where
specular light is filtered by a polarizator. The image of an
underlying structure is combined with a visual image to
present a single image. However, it has been found that
straightforward combination of these images offers prob-
lems, in particular, since certain artefacts occur that are incon-
venient to reliably detect and locate an underlying structure.
[0005] US2001/0037811 shows a probe for determining a
circumference of a finger. Additionally, the joint is transillu-
minated for inspecting arthritis inflammation from a scatter-
ing analysis. This arrangement cannot be used for visually
imaging body parts with a freedom comparable to the human
eye.

[0006] Theinventionhas as an object to provide an imaging
technique that does not suffer from the afore described prob-
lems and that is able to provide an enhanced image of the
underlying structure. Moreover, the invention has as an object
to provide an imaging enhancement technique to enable a
person to combine visual information and information of
buried objects in one image.

[0007] To achieve these and other goals, in one aspect, the
invention offers a method according to the features of claim 1.
In another aspect, the invention offers a method according to
the features of claim 14.

[0008] In particular, by providing a camera for imaging
visual and infrared-images; providing a bounded light source
for partly irradiating said object by infrared light; partly irra-
diating said object by said bounded light source; imaging a
non-irradiated area of said object by said camera to image
said buried structure; and combining said buried structure
image with a visual image of said object, infrared light inci-
dent on the image that is originating from a direct reflection is
spatially filtered out of the image. The remaining partial
image hence does not suffer from saturation effects due to
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direct illumination of specularly reflected light. In a preferred
embodiment, a full image is provided by varving said partial
irradiation in time so as to provide a full image by subsequent
combining of said partial images.

[0009] In a further preferred embodiment, said partial
image is obtained by scanning a light beam over said object.
In addition or alternatively, said partial image is obtained by
subsequently irradiating said object by predetermined pat-
terns. One particularly preferred embodiment comprises
obtaining said partial image by alternatingly irradiating said
object by a predetermined complementary patterns. For
instance, in an embodiment said patterns may be matrix-
patterns, line patterns, dot patterns, concentric or circular
patterns.

[0010] Further, preferably said object is irradiated only at
predetermined positions that are spaced apart. By spacing the
irradiation area and the light detection area, deeper parts of
the buried structure may be enhanced.

[0011] By alternatively illuminating said object, a full
image may be provided, and wherein all areas ofthe object are
irradiated in a time-dependent manner.

[0012] The invention further offers particular benefits
while using a CMOS-camera, since these camera’s have a
high degree of decorrelation of adjacent pixels. Thus, the
effect of “blooming” is prevented, so that there is a high
contrast between the directly reflected area (that is discarded)
and the remaining area which receives diffuse light originat-
ing from deeper layers.

[0013] Furthermore, the invention is preferably used while
aligning said infrared light source with a visual light source;
providing a first edge analysis of said infrared image; provid-
ing a second edge analysis of said visual image; comparing
said first and second edge analysis; and discarding edges in
said infrared image that are also detected in said second
image. This offers the benefit of obtaining a “normal” visual
image (as seen by the human eye), that is enhanced by iden-
tifying the underlying structure (detected using infrared light)
within the visual image while discarding false edges formed
by shadowing or aliasing artifacts (e.g. shadows orreflections
from a scalpel or needle). For instance, for surgical purposes,
the method offers a convenient tool for deciding an optimal
entry point in the object, for instance for cutting tissue or the
like.

[0014] Preferably, said edge-detection is performed by a
gradient analysis of said first image. The invention offers a
convenient embodiment when said images are provided ste-
reoscopically. Furthermore, said first image may be spectrally
analysed, and wherein said spectral analysis is projected into
said second image. Furthermore, said spectral analysis may
comprise a pulsatility analysis and/or a hart beat frequency
analysis and/or respiratory frequency analysis. Such analysis
thus offers a convenient non-contact tool for measuring body
parameters of interest. Under “pulsatility analysis” is under-
stood at least a determination of pulsating parts in the object
of interest. The invention is further related to a method of
enhancing imaging of buried structures in an object, compris-
ing: as defined in claim 14. Furthermore, the invention is
related to a system as defined in claim 16.

[0015] Further features and benefits will become apparent
from the figures. In the figures:

[0016] FIG. 1 shows a schematic view of a scanning irra-
diating method of an object according to the invention;
[0017] FIG. 2 shows a schematic view of foton-migration
in live tissue due to diffusion;
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[0018] FIG. 3 shows an illumination method by illuminat-
ing an ovetlapping pattern on the object;

[0019] FIG. 4 shows an illumination method by illuminat-
ing a circular patterns on the object;

[0020] FIG. 5 shows an illumination method by illuminat-
ing a grid of patterns on the object;

[0021] FIG. 6 shows a testing arrangement for testing the
apparatus according to the invention using one visible wave-
length and two infrared wavelengths;

[0022] FIG. 7 shows a series of analysis steps for process-
ing and routing of data acquired from the arrangement of FIG.
6;

[0023] FIG. 8 shows a spectral analysis of the pulsatile
components in said image for light of three different wave-
lengths;

[0024] FIG. 9 shows a simple vizor-like construction com-
prising the apparatus of the invention,

[0025] FIG. 10 shows the vizor-like construction of F1IG. 9
in use;
[0026] FIG. 11 shows the VIS and NIR images collected by

the eyepiece of F1IG. 9;

[0027] FIG. 12 illustrates the steps according to the method
of the invention; and

[0028] FIG. 13 shows a further embodiment of the inven-
tive system including an infrared emitting puncture tool.
[0029] FIG. 1 shows an alternative to the above described
polarization filtering method. This method comprises
dynamic complementary lighting/scanning of alternating
patterned image sections. This method does not require the
use of polarization filters. It is based on the fact that photons
entering biological tissue will strongly scatter within the tis-
sue which partly results in backscattering.

[0030] Furthermore the viewed area is divided into parallel
linear areas, which we will call “line sections”. These line
sections can be divided into even and uneven line sections 1,
2 respectively.

[0031] Using a camera that has good anti-blooming speci-
fications and allows the read-out of freely selectable rectan-
gular pixel regions we then can acquire image information in
a special sequence.

[0032] During a certain period the bounded light source
will light all even line sections 1 and the camera will acquire
image information from all uneven line sections 2. Here, the
term bounded encompasses light that is bounded spatially, so
that an illuminated object comprises, in a direction of view
which is also a direction of illumination, non-illuminated
areas which are not reached by the bounded light source. Such
bounding can be typically reached by focusing, collimating or
shielding the light source. Also various other light sources,
such as laser lights (e.g. in combination with a holographic
grating) and LEDs, can produce bounded lights. During the
next period the uneven line sections 2 are lighted and the
camera will acquire image information from the even line
sections. This can either be done with a line camera that scans
the entire tissue or with a normal camera that scans all even
lines simultaneously and during the next period all uneven
lines.

[0033] InFIG. 2 is illustrated how light diffused within the
tissue can be used to image deeper parts of the object. Light
enters the object at one position 1 and leaves the object at
another position 2. From the figure it becomes clear that light
entering at further distanced positions can collect information
from parts deeper within the object. By applying a variety of
illumination patterns as will be further described with refer-
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ence to FIG. 3-FIG. 5, illumination from “within” the object
can be achieved, thus imaging deeper parts of the object.
[0034] To this end, in FIG. 3, instead of even and uneven
parallel lines shown in FIG. 1, alternate spatially shifted
crossed line patterns can be used as lighting pattern whilst
image acquisition occurs within the areas between the lines. It
is also possible to first project an “even” dot pattern on the
cross point of line pattern 1 and then project an “uneven dot
pattern on the cross sections of line pattern 2. Also, in FIG. 4
discrete concentric circular areas can be used. Satisfying
results were obtained by a simple test of circular irradiation
geometry disclosed in FIG. 4. A 6 mm thick slice of pink foam
(3M ethafoam) was laid upon the shielding pipe. On top of
this foam slice a plastic office clamp was placed, with its’
white plastic paper retaining slice laying across it. Finally a
second slice of pink foam was laid on top. Outside the cam-
era’s field of view, aring light injected photons of 660nm, 810
nm and 940 nm into the foam, perpendicular to the foam
surface.

[0035] FIG. 5 shows another embodiment, wherein said
object is irradiated only at predetermined positions that are
spaced apart. First areas 3 indicated with horizontal lines are
irradiated in a first period; second areas 4 with vertical lines
are irradiated in a second period. Such a spaced apart con-
figuration is able to show deeper parts of the structure. By
varying the spacing, lower and deeper parts of the object may
be scanned.

[0036] FIG. 6 shows a testing arrangement, where an
embodiment of the inventive method was tested using known
markers such as an SPO2 pulse oximeter, an ECG recording
devise and a respiratory frequency monitor. The signals were
recorded and sampled using the steps indicated in FIG. 7. This
leads to a pixel by pixel time-analysis of intensity variation.
The frames were sampled at a 100 Hz Sample rate and the
recorded respiration, ECG and plethismographic pulse output
were compared. The outcome is illustrated for a variety of
wavelengths in FIG. 8. It is clearly shown how well the
measured variation of the camera matches with the other
pulse signals.

[0037] A special configuration with added value is based
upon two cameras (e.g. CCD or CMOS monochromatic or
multiband ) positioned at a certain distance from each other
(e.g. eye-to-eye distance) thus stereoscopically viewing the
same object (e.g. biological tissue), a dual channel electronic
image processing device and two display devices placed in
front of both eyes.

[0038] Between each camera and the viewed object an
additional optical system (maybe combining 2 channels) may
be placed (e.g., a dual channel microscope, endoscope, col-
poscope, etc.) It is possible to incorporate a simple vizor-like
construction 5 (see FIG. 9) so that the device can be either put
in front of the eye or be positioned out of the viewing angle to
allow normal sight.

[0039] FIG. 10 shows as an example the stereoscopic eye-
piece 5 of FIG. 9 in use. For the eyepiece, a color camera can
be applied with a bayer color filter pattern of which all filter
colors are highly transparent in the NIR-range. Also a multi-
layered camera chip (Patent WO 02/27804 to Foveon Inc. or
earlier patents like 4,238,760 to Carr) or the approach in our
previous patent WO 01 15597 A1 can be applied. Preferably,
the images in both spectral ranges match pixel to pixel.
[0040] The surface of the viewed biological tissue region 6
is irradiated at an oblique angle from two opposite sides by
two light sources 7. These two sides need not to be aligned
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with the Left/Right axis of the eyepiece 5, but can be swiveled
around in a plane perpendicular to the central axis of the
joined cameras.

[0041] The light sources 7 can be controlled to indepen-
dently send out 5 broadband white light in the visible wave-
length range (VIS; 400-780 nm) or narrowband light in the
near infrared range (NIR; e.g. 920 nm) as well as in both
ranges (VIS & NIR). The light sources 7 are carefully con-
structed so that the geometrical beam profiles of VIS and NIR
are aligned resulting in identical shadowing in the VIS and
NIR images. As an alternative also a surgical stereo micro-
scope or an endoscopic dual channel camera (as used in
stereoscopic robot surgery) with two side fiber light guides
can be used to collect the images.

[0042] FIG. 11 shows the result of the VIS (FIG. 11 A) and
NIR (FIG. 11 B) images such as collected by the eyepiece 5
illustrated in FIG. 10. Since NIR and VIS beams are matched,
shadows produced by irregular shapes at the tissue surface
(e.g. skin structure, skin folds, molds, etc.) will also match in
both wavelength ranges. In the embodiment disclosed, the
beams are oriented at a small angle with respect to the tissue
region 6. As a result, skin folds etc. will produce sharp-edged
shadows. Shiny areas that produce reflections and/or satu-
rated pixels (marked as a star) will also match in both wave-
length ranges. Due to the small angle, objects 8 that are
brought towards the tissue surface 6 (e.g. needles, scalpels,
probes, etc.) will produce two separate shadows. These shad-
ows will meet and typically form a “V” pattern 9 when an
object touches the surface. If e.g. a needle punctures the
surface, then the needle tip 10 will quickly disappear from the
VIS image (FIG. 11 A). On the NIR image (FIG. 11 B)
however, the tip 10 will remain visible within the tissue 6 (see
figure).

[0043] Onthe VIS image (FIG. 11 A), only very superficial
blood vessels will be visible, especially if the texture of the
vessel deforms the skin. On the NIR image, however, blood
vessels will be visible much better (even blood vessels at a
depth of a few millimeters below the surface). Since skin
pigment (melanin) has a very low absorbance within the NIR
region this good NIR visibility will also be the case with dark
skinned persons (also molds will lose their dark color).
[0044] After obtaining the NIR and VIS images in steps 11
and 12 respectively, a gradient edge enhancement step is
applied for both spectral bands as will be illustrated with
reference to FIG. 16 (steps 13 and 14). Image VIS-J and
NIR-I are obtained by filtering with a smoothing filter to
suppress noise from camera image NIR and VIS. In the cur-
rent implementation this is an averaging filter. From each
smoothed images VIS-Jand NIR-J, two directional difference
images Ix and Iy are calculated by means of a gradient filter.
Currently this it performed with a Prewitt filter.

[0045] Next edge gradient images VIS-G and NIR-G are

made by y(Ix*>+IY?). Then VIS-G and NIR-G are clipped and
normalized to 1 to obtain VIS-G' and NIR-G' (Steps 15 and
16). Finally the images are complemented to 1-G' (Steps 17
and 18).

[0046] For a given tissue region a VIS image and a pixel to
pixel matching NIR image are acquired.

[0047] The images from both spectral bands are subjected
to an identical edge enhancement algorithm (see above), pro-
ducing normalized NIR-edge and VIS-edge grayscale images
so that edges are encoded black (O=black and 1=white; note
that this is the negative of normal edge enhanced results).
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[0048] Now corresponding edges in the NIR and VIS image
are determined (Step 19) according to a pixel by pixel crite-
rion:

[0049] NIR-edge-pixel<NIR_Treshold AND VIS-edge-
pixel<VIS_Treshold (Thresholds are both software config-
urable)

[0050] By combining information from both spectral
regions, the pixel coordinates that match both requirements
are identified as superficial artifacts and are discarded by
setting the pixel value to 1 in the corrected NIR edge image
(Step 20).

[0051] By doing the same in the raw NIR image after nor-
malizing (Step 21) (no edge enhancement) a corrected nor-
malized NIR image (Step 22) is defined by discarding satu-
rated image areas.

[0052] To this end, the locations of all saturated pixels
within the raw NIR image (e.g. 256 for an 8-bit image) are
identified. For all pixels within the 1st NIR-mask that are
saturated or a direct neighbors of a saturated pixel, the edges
are discarded by setting the pixel value to 1 (and thus com-
pletely ignoring edge information) is filled in, resulting in a
second NIR-mask (step 23).

[0053] False edges resulting from saturated pixels are thus
removed and the 2nd NIR-mask now contains the boundaries
of subcutaneous blood vessels (and eventual other buried
contrasting structures).

[0054] This approach can be varied by including second,
third etc. neighboring pixels.

[0055] In a preferred mode, the raw IR image is used to
provide “filled in” blood vessels; for example, by multiplying
the 2nd NIR-mask with the 2nd corrected NIR image (step
24). The amount of fill-in colorization can be varied with a
user adjustable exponent N:

[0056] 2nd NIR-maskx(1st corrected NIR image)™=final
enhancement mask

[0057] Finally, this final enhancement mask now is multi-
plied with the luminosity component of the raw VIS image
(which preferably is a color image) in step 25. In this way only
contrast information that truly originates from below the tis-
sue surface is projected into the VIS image. If we look at the
previous drawings with a needle inserted in tissue it is clear
that these criteria will lead to supetimposing only the buried
needle tip upon the VIS image. Shadows, wrinkles, reflec-
tions and the edges of molds will not be enhanced.

[0058] The detection of purely superficial artifacts thus can
be further improved when instead of taking all colors of the
visible region into account, only the Blue spectral range is
used for the VIS edge enhancement input. This is done in
order to suppress the visibility of blood vessels. This effect of
blue light is because in the visible range, the reflectivity of
vessels for blue light is the nearest to skin (the maximum
visible vessel contrast lies outside the blue range). As another
optional refinement the final enhancement mask may be
selectively multiplied with e.g. only the Red and/or Green
portion of the visible image (instead of the luminosity signal
of the total visible color image).

[0059] When an interesting tissue portion is spotted, the
user can switch to a mode that alters the image capturing
sequence and allows the collection of an additional (second)
NIR image within a selected region of interest (ROI). This
ROI is virtually illuminated by photon injection just outside
the ROI by means of EITHER a LED-array in contact with the
tissue OR a pattern of laser dots or laser lines projected onto
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the tissue from a distance. During acquisition of this second
NIR image the VIS and first NIR lighting are off.

[0060] Inthis way information obtained using two types of
lighting geometries for the same wavelength range can be
combined. This can be done with or without also using VIS
and flashing needle tip lighting as will be illustrated with
reference to FIG. 13.

[0061] InFIG. 13 a NIR-laser or NIR-LED is plugged onto
aneedle or catheter 8. Via a sterile window light is projected
through or alongside the needle bore. In this way the needle
tip 10 illuminates the vessel interior wall 26 when the needle
is in the vessel (see FIG. 13B). If the needle punctures the
distal vessel wall (see FIG. 13C) a drastic change in illumi-
nation is seen. The light source clipped to the needle may be
synchronized with the cameras. A flashing tip illumination
may be beneficial.

[0062] Although in the preceding the invention has been
further illustrated with reference to the drawings and the
description it will be clear that the invention is not limited
thereto and that these embodiments are only disclosed for the
purpose of illustration. Variations and modifications thereto
are within the scope of the invention as defined in the annexed
claims.

1. A method of obtaining an image of a buried structure in
an object comprising:

providing a camera for imaging visual and infrared-im-

ages;

providing a bounded infrared light source;

partly irradiating said object by said bounded infrared light

source;

imaging an area of said object, by said camera, that is not

irradiated by said bounded infrared light source to create
an image of said buried structure; and

combining said image of said buried structure with a visual

image of said object.

2. A method according to claim 1 wherein irradiation of
said object, during the partly irradiating step, is varied in
location over time so as to provide a full image by subse-
quently combining partial images rendered during multiple
iterations of the imaging step.

3. A method according to claim 1, wherein said image of
said buried structure is obtained by scanning a light beam over
said object.

4. A method according to claim 1, wherein said image of
said buried structure is obtained by subsequently irradiating
said object in predetermined patterns.

5. A method according to claim 4, wherein said partial
predetermined patterns are complementary patterns.

6. A method according to claim 4, wherein said predeter-
mined patterns comprise any one or more of the following:
matrix-patterns, line patterns, dot patterns or concentric pat-
terns.

7. A method according to claim 4, wherein said object is
partly irradiated only at predetermined positions that are
spaced apart.

8. A method according to claim 1, wherein said camera is a
CMOS-camera.

9. A method according to claim 1, further comprising:

aligning said bounded infrared light source with a visual

light source;

providing a first edge analysis of an infrared image;

providing a second edge analysis of a visual image;

comparing said first and second edge analysis; and
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discarding edges in said infrared image that are also
detected in said visual image.
10. A method according to claim 9 further comprising the
step of correcting said infrared image to discard saturated
image areas.
11. A method according to any claim 1, wherein said image
of said buried structure and visual image are provided stereo-
scopically.
12. A method according to claim 9, wherein said infrared
image is spectrally analyzed, and wherein said spectral analy-
sis is projected into said visual image.
13. A method according to claim 12, wherein said spectral
analysis comprises a pulsatility analysis and/or a heart beat
frequency analysis and/or respiratory frequency analysis.
14. A method of enhancing imaging of a buried structure in
an object, comprising:
providing a first light source for providing first light of a
wavelength that images said buried structure;
providing a second light, aligned with said first light, of a
wavelength that visually images said object;
obtaining a first image by irradiating said object with said
first light;
providing an edge analysis of said first image to detect
edges of said buried structure;
obtaining a second image by irradiating said object with
said second light;
providing an edge analysis to detect edges in said second
image;
comparing edges detected during the edge analysis of said
second image with edges detected during the edge
analysis of said first image;
discarding edges detected in said first image that are also
present in the edges detected in said second image to
render a modified first image; and
combining said modified first image and second image to
depict edges of said buried structure in said second
image.
15. A method according to claim 14, further comprising
correcting said first image by discarding saturated image
areas.
16. System for obtaining an image of a buried structure in
an object, comprising:
a bounded light source for irradiating said object by light
for providing a first image of said buried structure and
for providing a second visual image of said object;
a camera device for obtaining said first image and second
visual image; and
a processing device arranged for:
providing a gradient analysis of said first image to detect
edges of said buried structure;

providing a gradient analysis to detect edges in said
second image;

comparing edges detected during the gradient analysis
of said second image with edges detected during the
gradient analysis of said first image;

discarding edges detected in said first image that are also
present in the edges detected in said second image to
render a modified first image; and

combining said modified first image and second image to
depict edges of said buried structure in said visual sec-
ond image.

17. A system according to claim 16 further comprising:

a puncture tool for puncturing human tissue; and

an IR light source provided in said puncture tool
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18. A system according to claim 17, wherein said IR light
1s aligned along said puncture tool.

19. A system according to claim 17, wherein said IR light
source is provided in a tip of said puncture tool.

20. A system according to claim 17, wherein said puncture
tool is provided with an IR radiating coating.
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21. A system according to claim 17, wherein the IR light
source and the bounded light source are alternatingly acti-
vated.

22. A puncture tool for puncturing human tissue including
an IR light source.
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