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Description

[0001] The present invention relates to a focused pin-
hole gamma detection device, and a collimator for use
in such a focused pinhole gamma detection device.
[0002] Focused pinhole gamma detection devices are
amongst others used for small animal imaging for bio-
medical research, but also for other purposes such as
clinical imaging and non-destructive testing.
[0003] A known focused pinhole gamma detection de-
vice is NanoSpect, which comprises a focused pinhole
gamma detection device, comprising at least one detec-
tor, having a detector surface and being sensitive to gam-
ma-photons, a collimator having a plurality of pinhole sys-
tems, each pinhole system having a plurality of pinholes
having mutually non-parallel central lines, having a mu-
tual distance d that is smaller than a distance d’ between
any of the at least two pinholes of said pinhole system
on the one hand and any pinhole of any other pinhole
system on the other hand and having a pinhole system
field of view, that is seen by at least one of the pinholes
of said pinhole system and that is composed of the fields
of view of the plurality of pinholes, wherein a common
overlap of the pinhole system fields of view of the plurality
of pinhole systems defines a focus volume, that is seen
by all pinhole systems, and an object carrier, arranged
to position an object to be examined in an object space,
wherein the collimator is provided between the at least
one detector and the object space.
[0004] The NanoSPECT/CT™ device has a collimator
with up to four slabs, each having up to 10 pinholes, which
are all focused, i.e. they all point toward the focus volume,
or central field of view (CFOV).
[0005] Likewise, WO 2007/043868 discloses the pre-
amble of claim 1.
[0006] A problem with this known device is that higher
energy gamma radiation, such as positron annihilation
radiation, penetrates the thinnest portions of the collima-
tor, which portions are formed by the pinhole knife edges,
to such a degree that image definition decreases unac-
ceptably. In theory, this could be solved by decreasing
the acceptance angle of the cones that lead toward the
pinhole. However, this leads to a reduced CFOV and/or
to a bulkier device, both of which is undesirable.
[0007] US 2004/0232348 discloses a method of ob-
taining a tomographic image of part of an animal, includ-
ing a human being, by using radioactive radiation. The
animal is at least partly placed into a measuring cavity
having an axial axis. The measuring cavity is at least
partially surrounded by a cavity wall which is provided
with a plurality of pinholes. Behind the pinholes, detection
means are placed. A radioactive radiation from a radio-
active isotope administered to the animal is detected in
a position-related manner by the detection means and
data obtained with the detection means are used for the
generation of the tomographic image.
[0008] The article "Performance of a Multi-Pinhole An-
imal SPECT", 2003 IEEE Nucleair Science Symposium

and Medical Imaging Conference, by Schramm N.U. et
al describes a dedicated multi-pinhole collimator for high-
resolution and high-sensitivity single-photon imaging of
mice and rats.
[0009] It is an object of the present invention to provide
a device according to the preamble, that has an improved
definition but not at the cost of the CFOV or compactness
of the device.
[0010] This object is achieved with a device according
to claim 1, which is characterized in that at least one
pinhole system is arranged and constructed such that,
for at least one of, and preferably each of, the pinholes
of said pinhole system, a portion of the focus volume is
outside the field of view of said pinhole. The device ac-
cording to the present invention achieves the object in
that the pinholes in a pinhole system each have mutually
different fields of view, and only together have a field of
view that substantially matches the central field of view.
[0011] One could say that each pinhole of the known
device is replaced by a ’cluster’ of pinholes, that each
see a part of the field of view of the original pinhole, and
thus each see only part of the focus volume, or CFOV.
Each of the pinholes in the cluster, which expression
"cluster" will be used throughout this text as an synonym
to ’pinhole system having a plurality of pinholes’, can be
made with a smaller acceptance or opening angle. Thus,
image definition can be improved. However, since each
cluster as a whole samples, or images, a similar volume
as one corresponding original pinhole, the device need
not have a smaller CFOV or larger dimensions.
[0012] In this application, and as generally understood
in the art, a field of view of a pinhole corresponds to a
solid angle that is imageable by the pinhole, in other
words the part of three-dimensional space that can be
seen by the detector through the pinhole. Then, a pinhole
system field of view is composed of the fields of view of
the plurality of pinholes of the pinhole system, and is thus
the part of 3D space that can be seen by the detector
through at least one of the pinholes of the pinhole system.
[0013] The central field of view (CFOV) can be defined
as the volume of the space that can be seen by all pinhole
systems (of the collimator) as a whole, i.e. the overlap of
all system fields of view. And just as, in conventional pin-
hole systems, at least two pinholes with their individual
fields of view are required to define a CFOV or focus
volume, in the present invention a plurality of pinhole sys-
tems is required to define a CFOV or focus volume.
[0014] Herein, the expression "at least one pinhole
system is arranged and constructed such that, for at least
one of, and preferably each of, the pinholes of said pin-
hole system, a portion of the focus volume is outside the
field of view of said pinhole" relates to the following. The
focus volume, i.e. central field of view, is, in prior art de-
vices, the volume as seen by each individual pinhole. In
the known prior art Nanospect device, the pinholes that
are provided in an arrangement that might be called a
’cluster’, are each constructed and arranged to be fo-
cused on the same focus volume, in this case the central
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field of view, i.e. they are all made to "see" the same
volume.
[0015] Of course, it might happen that, due to produc-
tion tolerance or the like, some pinhole does not "see"
exactly the same (focus) volume. However, this is still in
contrast with the present invention, where each pinhole
in a cluster should have a field of view that does not "see"
all of the focus volume as defined for all clusters, i.e. it
is constructed and arranged not to see all of the focus
volume.
[0016] Note also that the central lines of pinholes in a
cluster are non-parallel. This not only leads to a total fo-
cus volume for the clusters being larger than could be
obtained for parallel central lines, but it also makes it
possible to design the system such that individual images
do not overlap on the detector.
[0017] The central line corresponds to the line of max-
imum transmission, and is often roughly equal to, i.e.
approximated by, a line of geometrical symmetry of the
cones leading to the pinhole smallest opening. More in
particular, in embodiments, a point of closest approxima-
tion of at least one set of central lines of two pinholes in
a pinhole system is outside a centre of gravity of the focus
volume. Herein, a point of closest approximation may be
the centre of the shortest line segment connecting the
two central, in the case of non-crossing lines, and may
be the point of crossing for crossing lines.
[0018] The centre of gravity is the centre of the CFOV,
in particular the geometrical centre, and may be deter-
mined as the physical centre of gravity of a corresponding
homogeneous body. Preferably, the point of closest ap-
proximation is closer to an outer surface of said focus
volume than to said centre of gravity of the focus volume.
By positioning the point of closest approximation (POCA)
outside the centre, it is ensured that the individual fields
of view are aimed at different parts of the CFOV. The
position of the POCA for each set of two pinholes de-
pends on a number of factors, such as the desired mag-
nification and the number of pinholes in a pinhole system.
[0019] In particular embodiments, for at least one set
of two pinholes in a pinhole system, the point of closest
approximation lies outside the focus volume. In embod-
iments, said POCA lies between the collimator and the
centre of gravity, in particular between the collimator and
the focus volume. In the case of such positioning of the
central lines, it is possible to have a good magnification
with very closely spaced pinholes in a cluster. However,
it is still possible that the central lines of two pinholes in
a cluster have a POCA outside the centre of gravity of
the focus volume, or even outside the focus volume al-
together, and on the other side. In this case, however,
the pinholes in the cluster are at a larger relative mutual
distance.
[0020] Expressed in exemplary numbers, though not
intended to be limiting, one could say that, in a cluster
that has n pinholes, the individual field of view of a pin-
hole, and preferably each pinhole, in a cluster (or pinhole
system) sees at least (100/n)%, but less than 100% of

the focus volume, depending on the extent of the overlap
between the individual fields of view within the cluster.
In theory, 100/n% is possible with exactly complementary
fields of view. In practice, some overlap to obtain a com-
plete view will almost always be allowed.
[0021] In particular, each pinhole of each pinhole sys-
tem sees at the most 80%, and preferably less than 70%,
of the focus volume. All this ensures the possibility to
provide the individual pinholes with a smaller opening
angle and, for the total system, still have the same or
similar focus volume and total dimensions. Note, by the
way, that this also ensures that, for the overlapping parts
of individual fields of view, the total sensitivity is in-
creased, by a factor roughly equal to the number of over-
lapping individual fields of view in a cluster.
[0022] In particular, for a cluster of 2 pinholes, the in-
dividual field of view of each pinhole in said cluster sees,
i.e. overlaps, more than 50% but at the most 80% of the
CFOV. In a cluster of 4 pinholes, in particular in a regular
two-by-two configuration, the individual field of view of
each pinhole in said cluster sees more than 25% but at
the most 70% of the CFOV. Corresponding figures for
different pinhole numbers in a cluster may easily be de-
termined. The above numbers allow a sufficient gain in
image definition, by decreasing edge penetration.
[0023] In the present context, "mutual distance" be-
tween the pinholes relates of course to the smallest, or
nearest neighbour distance between pinholes in a pin-
hole system.
[0024] Furthermore, in the present invention, the infor-
mation is distributed over possibly more pinholes, and
thus more images on the detector, than in prior art de-
vices. Since an image of the focus volume is composed
of a plurality of partial images, additional calculations are
needed to produce an image, and subsequently a recon-
struction, of the object to be examined. However, these
additional calculations are rather straightforward, espe-
cially if the partial images on the detector(s) are mutually
substantially separated, i.e. show at the most 10% over-
lap on the detector, and more preferably no overlap. This
latter situation is preferable, although in no way deemed
to be a limitation of the present invention.
[0025] It is noted that JP 53-126889 discloses an X-
ray transmission detection device having a multiple pin-
hole collimator. However, apart from the facts that pen-
etration is not an issue at X-ray energies, and that it is
not a gamma detection device in which the collimator is
positioned between the detector and an object space,
the pinhole geometry is completely irrelevant here, since
the field of view and the magnification are determined by
the extension of the source FH and that of the detector.
The pinhole only serves to provide an image magnifica-
tion, it does not require walls to determine a cone of ac-
ceptance, and image blur through penetration of the wall
at a pinhole knife edge does not play a role here.
[0026] The present device is suitable for use with gam-
ma radiation. Such high energy radiation offers a useful
range of radiation, having high penetration power. In gen-
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eral, a higher photon energy offers more penetration
power. Thus, this radiation may come from deeper in the
object, such as the body of an animal or human being,
without being attenuated too much. However, this in-
creased penetration power also holds for the imaging
device, and thus leads to image blurring. Furthermore,
different gamma tracers that are injected or otherwise
introduced into the animal or object may have different
photon energies, and sometimes a specific tracer is re-
quired to examine a specific organ or process in a body,
which tracer may happen to have a high photon energy.
Then, according to the present invention, it is useful if
images from such higher energy radiation may be ob-
tained at a higher resolution than for conventional gamma
detection devices. An extremely useful energy is 511
keV, produced by electron-positron annihilation. Many
tracers with unique applications provide such radiation,
which has, however, such a high energy that this poses
problems for prior art detection devices that rely on col-
limators. The present invention provides a particularly
useful solution for detection problems with this radiation,
although of course other energy ranges are mentioned
here as well. The penetration problems are not only de-
pendent on the absolute photon energy, but also on the
relative dimensions of the device. For example, for min-
iaturized devices, radiation energies as low as 30 keV
could already lead to some image blurring. Thus, the in-
vention is deemed to provide advantageous results for
gamma photon energies of at least 30 keV.
[0027] According to the present invention, there are at
least two pinholes in a cluster. Preferably, however, a
pinhole system, or cluster, comprises at least three pin-
holes arranged on a polygon. Advantageously, the pin-
holes are arranged rotationally symmetrically on said pol-
ygon. Having at least three pinholes allows a favourable
distribution of the focus volume over individual fields of
view in the cluster. It is also possible to provide more
pinholes in such a cluster, such as four, five or six, in
each case arranged on a regular square, pentagon, hex-
agon, respectively, or five, six or seven pinholes with in
each case one pinhole within a regular square, pentagon,
or hexagon, respectively. Other arrangements, such as
irregular polygons are of course possible.
[0028] In embodiments, a pinhole system comprises a
regular lattice of at least 2 x 2 pinholes, and at most 4 x
4 pinholes. Such embodiments allow relatively easy cal-
culations, through their regular arrangement. The 2 x 2
lattice of course corresponds to the above-mentioned
square arrangement, and is a very attractive arrange-
ment with a good compromise between complexity and
advantage in image quality. While higher numbers should
not be excluded, they tend to be much more complex to
produce, while showing only minor improvements in pen-
etration resistance and image sharpness.
[0029] In possible embodiments of the invention, the
total opening angle of an individual, preferable each, pin-
hole is from 5 to 40 degrees, preferably from 10 to 35
degrees, in each case inclusive. These ranges have

turned out to be useful as regards sufficiently large field
of view, and hence magnification, resolving power and
dimensions, on the one hand, and sufficient radiation
hardness on the other. In this context, the total opening
angle relates to the full opening angle of the cones lead-
ing to the pinhole, which could in theory be more than 90
degrees, and not to the maximum angle with the central
line, which is by definition smaller than 90 degrees. Fur-
thermore, it is advantageous when the limiting opening
angle of a pinhole system, i.e. the opening angle of the
total field of view as seen at great distance, is not more
than about 60 degrees. This means that, preferably, the
opening angle of an individual pinhole in a cluster of n
pinholes need not be larger than about 60 de-
grees/sqrt(n) and allowing for some overlap of the cones
in the focus volume.
[0030] In other embodiments, the total opening angle
of the pinhole system is larger, up to 120 degrees. This
allows to position the collimator very close to the object
to be imaged. This is advantageous for the resolution
and sensitivity. Herein, use is made of the fact that in a
cluster, the individual pinholes have smaller opening an-
gles.
[0031] In preferred embodiments, an angle between
central lines of neighbouring pinholes in a pinhole system
is larger than zero degrees but smaller than their opening
angle. This ensures that overlap between their respective
fields of view is possible. Note that non-neighbouring pin-
holes in a pinhole system need not have overlapping
fields of view.
[0032] Preferably, the central lines of the pinholes in a
pinhole system are arranged regularly. E.g., in a ring col-
limator with 2 x 2 pinhole systems arranged on a circle,
the central lines of the pinholes in each pinhole system
preferably subtend equal angles with respect to the nor-
mal to the collimator surface, taken in the centre of the
pinhole system. All this may be correspondingly adapted
in focused pinhole systems with pinhole systems in more
than one ring, etc.
[0033] In preferred embodiments, the central lines of
two neighbouring pinholes in a pinhole system have a
point of closest approximation that is between the colli-
mator and the focus volume. Herein, it is easier to create
overlapping fields of view in the focus volume but also
non-overlapping images on the detector, although such
overlap on the detector is not necessarily excluded.
[0034] In advantageous embodiments, the collimator
has at least four pinhole systems, preferably at least ten
pinhole systems. This ensures not only sufficient angle
information and sensitivity of the device, but also a limited
complexity. The possible number of pinhole systems is
of course not limited, and could for example be 75, cfr.
the prior art devices USPECT-I and II with 75 individual
pinholes, arranged as five rings with 15 pinholes each.
[0035] In some embodiments, the collimator has a col-
limator body formed as a ring or section of a ring, which
allows as much as possible a symmetric design with
equivalent pinhole systems.
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[0036] In another embodiment, the collimator has a col-
limator body formed as a flat plate, with a plurality of
pinhole systems in said plate.
[0037] Also possible is a collimator body is constructed
of a plurality of ring parts or flat plates, connected to form
a circumferential collimator body, such as a polyhedron.
Each such ring part or plate has at least one pinhole
system. Herein, a ring part may be a part of a cylinder,
but could also have any other curved shape.
[0038] In the above, a collimator can comprise a plu-
rality of parts, either connected or not.
[0039] The device can be equipped with controllable
drive means for imparting a motion to the collimator (or
the collimator and the detector together), e.g. which allow
the collimator or collimator plus detector to be rotatable
around an axis, preferably a symmetry axis of the colli-
mator, which in that case of course has to have symmetry
of its own, such as a rotational symmetry. This rotatability
allows sufficient angle information to be obtained. Pref-
erably, especially in the case of a collimator that does
not extend around the object space in a complete circle,
the collimator is rotatable over at least 180 degrees, more
preferably over at least 180 degrees plus the full opening
angle of a pinhole system. In some cases, such half-circle
rotation is not necessary, such as for sparse objects.
[0040] Note that further details, such as of a movability
of the object carrier, graphical user interfaces, additional
so-called framing plates between the collimator and the
detector, and so on, are generally known in the art and
may be included where desired. Details may be found in
e.g. prior patent devices and applications by applicant,
such as the already mentioned USPECT II and
WO2007/105942, and US 7,145,153.
[0041] Advantageously, two or more, and preferably
all, of the pinholes of a pinhole system are provided in a
monolithic body of a material with low radiation penetra-
tion, such as tungsten, iridium, gold, platinum or depleted
uranium. This offers the possibility of providing the pin-
hole system each in a separate body that is to be mounted
in a collimator body, that itself could be made of a different
material, e.g. lead or the like. This offers a cost reduction,
but also flexibility, in that bodies with such pinhole sys-
tems or pinhole apertures may be exchanged for other
pinhole systems or apertures. Of course, it is still possible
to provide the pinholes in the collimator body itself, the
complete collimator then being a unitary body.
[0042] Particularly advantageous devices according to
the invention are a single photon emission computed to-
mography scanner, or so-called SPECT scanner, and a
positron emission tomography scanner, or PET scanner.
A PET scanner uses the fact that, when a positron elec-
tron pair is annihilated, two 511 keV photons traveling in
opposite directions are emitted simultaneously. Then, by
locating two photons on the detector within a small time
frame, the line at which annihilation took place can be
found, which provides the conditions of mapping the trac-
er. However, one can also use each of the photons as
separate, single photon events, by including a collimator

according to the invention, in fact turning the PET scanner
into scanner according to the SPECT principle, but suit-
able for imaging isotopes as normally used in "co-inci-
dence" PET.
[0043] In an embodiment of the detection device ac-
cording to the present invention a high resolving power
is possible even for high energy photons, such as 250
keV and higher, while still retaining a good compromise
between total dimensions and central field of view.
[0044] It is envisaged to use a device according to the
invention, in imaging an object to be examined, to which
object a gamma tracer, in particular having a photon en-
ergy of at least 30 keV, preferably at the most 511 keV,
has been provided. In this use, or method, an object to
be examined, such as an animal or a human, is provided
with a gamma tracer that emits high energy photons, such
as 511 keV photons. The object is then positioned in front
of a detector, with the collimator in between, after which
an image is formed.
[0045] The invention will now be explained by means
of non-limiting embodiments, with reference to the draw-
ings in which:

Fig. 1 schematically shows a prior art detection de-
vice, in cross-sectional view;
Fig. 2a and 2b show a comparison between a prior
art pinhole and a pinhole system or ’cluster’ accord-
ing to the present invention;
Fig. 3 schematically shows an example of a part of
a collimator;
Figs 4a, 4b and 4c show some examples of other
arrangements of individual pinholes in a cluster; and
Fig. 5 schematically shows a detection device ac-
cording to the invention.

[0046] Figure 1 schematically shows a prior art detec-
tion device 1, in cross-sectional view. Herein, there are
provided three detectors, in a triangular housing, as well
as a collimator with pinholes, only three of which are
shown here.
[0047] The fields of view of the pinholes, indicated by
dashed lines, define a central field of view, depicted here
as a central circle 24.
[0048] This is a very general layout as might be used
for e.g. a SPECT scanner. The number of pinholes is
freely selectable, and may reach numbers as high as 75
in the USPECT-I and II by Milabs B.V. Very strictly speak-
ing, the central field of view (CFOV), which is the volume
that is seen by all of the pinholes 22, is a polygonal vol-
ume. However, it is limited by a circular volume. If the
collimator 20 is made rotatable, the central field of view
24 becomes an exact circle. Within the CFOV, high qual-
ity images of an object may be obtained. Note that other
arrangements, such as four detectors 10 in a square, or
a single plate detector that is moveable, in particular ro-
tatable around an axis through the CFOV 24, are also
possible.
[0049] The detectors 10 may be made of e.g. scintilla-
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tor material, known per se, photomultipliers, and so on,
or combinations. Their sensitivity may be selected as de-
sired, but for the present invention, the sensitivity should
be sufficiently high at gamma photon energies of about
30 keV or higher, up to about 511 keV, although higher
energies are not excluded.
[0050] In the prior art detection device of Fig. 1, each
pinhole 22 "sees" all of the CFOV 24. Thereto, it has
relatively large opening angle, of about 50°. The central
lines 23 of the pinholes all point towards the centre 25
(of gravity of) the focus volume 24.
[0051] Fig. 2a and 2b show a comparison between a
prior art pinhole and a pinhole system or ’cluster’ accord-
ing to the present invention.
[0052] Fig. 2a shows a part of a collimator 20 with a
single pinhole, with an opening angle of the cones of
about 90° (this large angle has been shown here for clar-
ity only). Therefore, the so-called pinhole knife edge 26
is also 90°. At the very tip of the edge, the material of the
collimator is very thin, and easily penetrated by high en-
ergy radiation.
[0053] An embodiment of the invention is shown in fig.
2b. It shows, in cross-sectional view also, a cluster of two
neighbouring pinholes 22a and 22b. Here, the opening
angle of the total pinhole system is also 90°, but the field
of view of the pinhole system is composed of the fields
of view of the two pinholes 22a and 22b, each providing
about half of it. This allows the knife edge to be 135°
instead of 90°, which greatly improves its resistance
against radiation penetration. Note furthermore that the
images on the detector, deriving from cones 28a and
28b, do not overlap (in this embodiment). No overlap of
the images is the preferred embodiment, but as explained
herein an overlap may be present. This is however not
excluded.
[0054] Furthermore, the fields of view show some over-
lap in the middle, which slightly increases sensitivity.
Moreover, it is possible to allow a larger overlap of the
fields of view, by tilting the cones of the pinholes a bit
further. Also, other opening angles may also be used. In
practice, total opening angles of the entire cluster of at
most 60° instead of 90° will prevail. Then, individual open-
ing angles of the pinholes in a cluster will be less than
40°, such as 20°. Knife edge angles will then be about
150° or 160° as preferred, which gives a very high stop-
ping power at the knife edges.
[0055] Note that in the case of Fig. 2b, and assuming
circular pinholes 22a, 22b, the field of view in the direction
perpendicular to the plane of the paper is halved. Of
course, in reality, an array of 2 x 2 pinholes could be
used. Furthermore, it is important to note that such cluster
of pinholes is to serve in the same way as each pinhole
22 in Fig. 1, i.e. each cluster as a whole should be focused
on the CFOV. This also means that the central lines 23a
and 23b of the pinholes 22a and 22b cross at POCA 27,
which will be rather close to the collimator 20, and well
before the CFOV as would be present if 22a and 22b
would be the pinholes of Figure 1. Note that, contrarily,

the central lines of the fields of view of the pinholes 22
according to the prior art, are all directed towards the
centre 25 (of gravity of) the CFOV 24 in that Figure.
[0056] Moreover, there has been indicated that the pin-
holes 22a and 22b are provided in a separate and ex-
changeable part 30. Although apparently being built up
of three separate parts, in reality it could be unitary. This
part 30 may be made of a material that is different from
that of the main body of the collimator 20. Usually, the
collimator 20 may be made of a material with good but
not extreme stopping power, and often rather low cost,
such as lead or tungsten. The material of the part wherein
the pinholes 22a and 22b are made, thus of part 30, may
then be a high stopping power material, such as gold,
platinum, iridium or uranium. Often, these materials are
much more expensive or poisonous, and should be used
as little as possible.
[0057] Fig. 3 schematically shows an example of a part
of a collimator 20 with three such clusters, each with a 2
x 2 array of pinholes. The distance d between the pin-
holes 221 in the leftmost pinholes is smaller than the dis-
tance d1 between the pinholes 221 of the leftmost cluster
and the pinholes 222 of the middle cluster.
[0058] Figs 4a, 4b and 4c show some examples of oth-
er arrangements of individual pinholes in a cluster. They
show a triangular configuration, a 3 x 3 array and 2 x 2
plus central pinhole arrangement, respectively. It will be
clear that the opening angles, determining the individual
fields of view, of the pinholes can be adapted accordingly,
those of the pinholes of the 3 x 3 arrangement usually
being smaller than those of the triangular three pinhole
configuration.
[0059] Fig. 5 schematically shows a detection device
according to the invention, in cross-sectional side eleva-
tional view, with a detector 10, a collimator 20 and an
object carrier 42, carrying an object 44.
[0060] Both the detector 10 and the collimator 20 are
semicircular, and can rotate, as a unit, around an axis
and in a direction indicated by arrow R, by means of a
drive means, non-shown here. Preferably, the angle of
rotation is at least 180°, such as to obtain full angle in-
formation about a distribution of a gamma tracer in object
44.
[0061] The collimator 20 has four pinhole systems 40,
in this case each with a 2 x 2 array of pinholes 22, of
which in each case only two are shown. All pinhole sys-
tems are focused toward a focus volume (not indicated
separately, but similar to Fig. 1) of an object space, in
which the object 44 is positioned. Each pinhole 22 of
each system only sees part of that focus volume (or
CFOV), while each pinhole system 40 sees the full focus
volume. In this way, the dimensions of this detection de-
vice need not be different from those of the prior art with
single pinhole systems.
[0062] Also indicated in the Figure 5 are the fields of
view of two individual pinholes of a pinhole system, as
cones bordered by dashed lines. It can clearly be seen
that each individual field of view sees little over half of
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the object 44, while all of the object 44 is seen by at least
one of the individual fields. It is however also possible
that the fields of view are smaller, both the individual fields
of view in, and the total field of view of a pinhole system.
E.g. this allows imaging of only a part of the object 44.
Often, this offers more resolution and thus finer detail. It
is then advantageous if the object can be moved through
the central field of view, in order to be able to examine
the full object. The central lines of these two pinholes,
although not indicated, clearly cross between the colli-
mator 20 and the centre of gravity of the central field of
view, which is located in the object 44.

Claims

1. A focused pinhole gamma detection device, com-
prising:

- at least one detector (10), having a detector
surface and being sensitive to gamma-photons,
- a collimator (20),
- an object carrier (42), arranged to position an
object (44) to be examined in an object space,

wherein the collimator (20) is provided between the
at least one detector (10) and the object space,
and wherein the collimator (20) has a plurality of pin-
hole systems (40), each pinhole system (40) having
a plurality of pinholes (22) having mutually non-par-
allel central lines, having a mutual distance (d) that
is smaller than a distance (d1) between any of the
at least two pinholes (22) of said pinhole system (40)
on the one hand and any pinhole (22) of any other
pinhole system (40) on the other hand and having a
pinhole system field of view, that is composed of the
fields of view of the plurality of pinholes (22) of the
pinhole system (40),
wherein in the device all pinhole systems (40) are
constructed and arranged so as to establish a com-
mon overlap of their pinhole system fields of view,
said overlap defining a focus volume, that is seen by
all pinhole systems (40) of the device, and
characterized in that at least one pinhole system
(40) is arranged and constructed such that, for at
least one of, and preferably each of the pinholes (22)
of said pinhole system (40), a portion of the focus
volume is outside the field of view of said pinhole
(22).

2. The detection device according to claim 1, wherein
a point of closest approximation of at least one set
of central lines of two pinholes (22) in a pinhole sys-
tem (40) is outside a centre of gravity of the focus
volume, preferably closer to an outer surface of said
focus volume than to said centre of gravity of the
focus volume.

3. The detection device according to claim 2, wherein
for at least one set of two pinholes (22) in a pinhole
system (40), the point of closest approximation lies
outside the focus volume.

4. The detection device according to claim 2 or 3,
wherein said point of closest approximation lies be-
tween the collimator (20) and the centre of gravity,
in particular between the collimator (20) and the fo-
cus volume.

5. The detection device according to any preceding
claim, wherein for a pinhole system (40) having n
pinholes (22), the individual field of view of a pinhole
(22), and preferably each pinhole (22), in the pinhole
system (40) sees at least (100/n)%, but less than
100% of the focus volume.

6. The detection system according to claim 5, wherein
each pinhole (22) of each pinhole system (40) sees
at the most 80%, and preferably less than 70%, of
the focus volume.

7. The detection device according to any preceding
claim, wherein a pinhole system (40) comprises at
least three pinholes (22) arranged on a polygon.

8. The detection device according to claim 7, wherein
the pinholes (22) are arranged rotationally symmet-
rically on said polygon.

9. The detection device according to any preceding
claim, wherein a pinhole system (40) comprises a
regular lattice of at least 2 x 2 pinholes, and at most
4 x 4 pinholes.

10. The detection device according to any preceding
claim, wherein the total opening angle of an individ-
ual pinhole (22) is from 5 to 40 degrees, inclusive,
preferably from 10 to 35 degrees, inclusive.

11. The detection device according to any preceding
claim, wherein the central lines of two neighbouring
pinholes (22) in a pinhole system have a point of
closest approximation that is between the collimator
(20) and the focus volume.

12. The detection device according to any preceding
claim, wherein an angle between central lines of
neighbouring pinholes (22) in a pinhole system (40)
is larger than zero degrees but smaller than their
opening angle.

13. The detection device according to any preceding
claim, wherein there are provided at least four pin-
hole systems (40), preferably at least ten pinhole
systems (40).
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14. The detection device according to any preceding
claim, wherein the collimator (20) comprises a ring
or part thereof, or the collimator (20) comprises one
flat plate, with a plurality of pinhole systems (40), or
a plurality of flat plates connected to form an angular
collimator body, such as a polyhedron, each such
plate having at least one pinhole system (40).

15. The detection device according to any preceding
claim, wherein the collimator (20) is rotatable around
an axis, preferably a symmetry axis of the collimator
(20).

16. The detection device according to any preceding
claim, wherein two or more, and preferably all, of the
pinholes (22) of a pinhole system (40) are provided
in a single body of a material with low radiation pen-
etration, such as tungsten, iridium, gold, platinum or
depleted uranium.

Patentansprüche

1. Gamma-Detektionsvorrichtung mit fokussierter
Lochblende, umfassend:

- mindestens einen Detektor (10), welcher eine
Detektorfläche aufweist und empfindlich für
Gamma-Photonen ist,
- einen Kollimator (20),
- einen Objektträger (42), welcher ausgestaltet
ist, ein zu untersuchendes Objekt (44) in einem
Objektraum anzuordnen, wobei der Kollimator
(20) zwischen dem mindestens einen Detektor
(10) und dem Objektraum angeordnet ist,

und wobei der Kollimator (20) mehrere Lochblen-
densysteme (40) aufweist, wobei jedes Lochblen-
densystem (40) mehrere Lochblenden (22) mit ge-
genseitig nicht-parallele Mittellinien aufweist, wel-
che einen gegenseitigen Abstand (d) aufweisen,
welcher kleiner als ein Abstand (d1) zwischen einer
beliebigen der mindestens zwei Lochblenden (22)
des Lochblendensystems (40) auf der einen Seite
und einer beliebigen Lochblende (22) von einem be-
liebigen anderen Lochblendensystem (40) auf der
anderen Seite ist, und welches ein Lochblendensys-
temsichtfeld aufweist, welches aus den Sichtfeldern
der mehreren Lochblenden (22) des Lochblenden-
systems (40) gebildet wird, wobei in der Vorrichtung
alle Lochblendensysteme (40) konstruiert und ange-
ordnet sind, um eine gemeinsame Überlagerung ih-
rer Lochblendensystemsichtfelder einzurichten, wo-
bei die Überlagerung ein Fokusvolumen definiert,
welches von allen Lochblendensystemen (40) der
Vorrichtung gesehen wird, und
dadurch gekennzeichnet, dass mindestens ein
Lochblendensystem (40) derart angeordnet und

konstruiert ist, dass für mindestens eine und vor-
zugsweise jede der Lochblenden (22) des Lochblen-
densystems (40) ein Abschnitt des Fokusvolumens
auβerhalb des Sichtbereichs des Lochblende (22)
ist.

2. Detektionsvorrichtung nach Anspruch 1, wobei ein
Punkt dichtester Annäherung von mindestens einer
Gruppe von Mittellinien von zwei Lochblenden (22)
in einem Lochblendensystem (40) außerhalb eines
Schwerpunkts des Fokusvolumens ist, vorzugswei-
se dichter an einer Außenfläche des Fokusvolumens
als an dem Schwerpunkt des Fokusvolumens.

3. Detektionsvorrichtung nach Anspruch 2, wobei für
mindestens eine Gruppe von zwei Lochblenden (22)
in einem Lochblendensystem (40) der Punkt dich-
tester Annäherung außerhalb des Fokusvolumens
liegt.

4. Detektionsvorrichtung nach Anspruch 2 oder 3, wo-
bei der Punkt dichtester Annäherung zwischen dem
Kollimator (20) und dem Schwerpunkt, insbesonde-
re zwischen dem Kollimator (20) und dem Fokusvo-
lumen, liegt.

5. Detektionsvorrichtung nach einem der vorhergehen-
den Ansprüche, wobei für ein Lochblendensystem
(40) mit n Lochblenden (22) das individuelle Sichtfeld
einer Lochblende (22) und vorzugsweise jeder Loch-
blende (22) in dem Lochblendensystem (40) zumin-
dest (100/n)%, aber weniger als 100% des Fokus-
volumens sieht.

6. Detektionssystem nach Anspruch 5, wobei jede
Lochblende (22) von jedem Lochblendensystem
(40) höchstens 80% und vorzugsweise weniger als
70% des Fokusvolumens sieht.

7. Detektionsvorrichtung nach einem der vorhergehen-
den Ansprüche, wobei ein Lochblendensystem (40)
mindestens drei Lochblenden (22) umfasst, welche
an einem Polygon angeordnet sind.

8. Detektionsvorrichtung nach Anspruch 7, wobei die
Lochblenden (22) rotationssymmetrisch an dem Po-
lygon angeordnet sind.

9. Detektionsvorrichtung nach einem der vorhergehen-
den Ansprüche, wobei ein Lochblendensystem (40)
ein regelmäßiges Gitter aus mindestens 2 x 2 Loch-
blenden und höchstens 4 x 4 Lochblenden umfasst.

10. Detektionsvorrichtung nach einem der vorhergehen-
den Ansprüche, wobei der gesamte Öffnungswinkel
von einer einzelnen Lochblende (22) 5 bis 40 Grad
einschließlich beträgt, vorzugsweise 10 bis 35 Grad
einschließlich.
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11. Detektionsvorrichtung nach einem der vorhergehen-
den Ansprüche, wobei die Mittellinien von zwei be-
nachbarten Lochblenden (22) in einem Lochblen-
densystem einen Punkt dichtester Annäherung auf-
weisen, welcher sich zwischen dem Kollimator (20)
und dem Fokusvolumen befindet.

12. Detektionsvorrichtung nach einem der vorhergehen-
den Ansprüche, wobei ein Winkel zwischen Mittelli-
nien von benachbarten Lochblenden (22) in einem
Lochblendensystem (40) gröβer als 0 Grad, aber
kleiner als ihr Öffnungswinkel ist.

13. Detektionsvorrichtung nach einem der vorhergehen-
den Ansprüche, wobei mindestens vier Lochblen-
densysteme (40), vorzugsweise mindestens zehn
Lochblendensysteme (40) vorgesehen sind.

14. Detektionsvorrichtung nach einem der vorhergehen-
den Ansprüche, wobei der Kollimator (20) einen Ring
oder einen Teil davon umfasst, oder wobei der Kol-
limator (20) eine flache Platte umfasst, wobei meh-
rere Lochblendensysteme (40) oder mehrere flache
Platten verbunden sind, um einen winkeligen Kolli-
matorkörper, wie zum Beispiel einen Polyeder aus-
zubilden, wobei jede derartige Platte mindestens ein
Lochblendensystem (40) aufweist.

15. Detektionsvorrichtung nach einem der vorhergehen-
den Ansprüche, wobei der Kollimator (20) um eine
Achse, vorzugsweise eine Symmetrieachse des Kol-
limators (20), drehbar ist.

16. Detektionsvorrichtung nach einem der vorhergehen-
den Ansprüche, wobei zwei oder mehr und vorzugs-
weise alle der Lochblenden (22) eines Lochblenden-
systems (40) in einem einzelnen Körper aus einem
Material mit einer geringen Strahlungsdurchdrin-
gung vorgesehen sind, wie zum Beispiel Wolfram,
Iridium, Gold, Platin oder abgereichertes Uran.

Revendications

1. Dispositif de détection gamma de type sténopéique
focalisé, comprenant .

- au moins un détecteur (10), comportant une
surface de détecteur et sensible aux photons
gamma,
- un collimateur (20),
- un support d’objet (42), agencé pour position-
ner un objet (44) à examiner dans un espace
d’objet,

dans lequel le collimateur (20) est prévu entre ledit
au moins un détecteur (10) et l’espace d’objet,
et dans lequel le collimateur (20) comporte une plu-

ralité de systèmes sténopéiques (40), chaque sys-
tème sténopéique (40) comportant une pluralité de
sténopés (22) ayant des lignes centrales mutuelle-
ment non parallèles, ayant une distance mutuelle (d)
qui est inférieure à une distance (d1) entre l’un quel-
conque desdits au moins deux sténopés (22) dudit
système sténopéique (40) d’une part et n’importe
quel sténopé (22) de n’importe quel autre système
sténopéique (40) d’autre part et ayant un champ de
vision de système sténopéique, qui est composé des
champs de vision de la pluralité de sténopés (22) du
système sténopéique (40),
dans lequel, dans le dispositif, tous les systèmes sté-
nopéiques (40) sont construits et agencés de ma-
nière à établir une superposition commune de leurs
champs de vision de système sténopéique, ladite
superposition définissant un volume de focalisation,
qui est vu par tous les systèmes sténopéiques (40)
du dispositif, et caractérisé en ce qu’au moins un
système sténopéique (40) est agencé et construit de
sorte que, pour au moins l’un, et de préférence cha-
cun des sténopés (22) dudit système sténopéique
(40), une partie du volume de focalisation soit en-
dehors du champ de vision dudit sténopé (22).

2. Dispositif de détection selon la revendication 1, dans
lequel un point d’approximation la plus proche d’au
moins un ensemble de lignes centrales de deux sté-
nopés (22) dans un système sténopéique (40) est
en-dehors d’un centre de gravité du volume de fo-
calisation, de préférence plus près d’une surface ex-
térieure dudit volume de focalisation que dudit centre
de gravité du volume de focalisation.

3. Dispositif de détection selon la revendication 2, dans
lequel, pour au moins un ensemble de deux sténo-
pés (22) dans un système sténopéique (40), le point
d’approximation la plus proche se trouve en-dehors
du volume de focalisation.

4. Dispositif de détection selon la revendication 2 ou 3,
dans lequel ledit point d’approximation la plus proche
se trouve entre le collimateur (20) et le centre de
gravité, en particulier entre le collimateur (20) et le
volume de focalisation.

5. Dispositif de détection selon l’une quelconque des
revendications précédentes, dans lequel, pour un
système sténopéique (40) comportant n sténopés
(22), le champ de vision individuel d’un sténopé (22),
et de préférence de chaque sténopé (22), dans le
système sténopéique (40) voit au moins (100/n)%,
mais moins de 100 % du volume de focalisation.

6. Système de détection selon la revendication 5, dans
lequel chaque sténopé (22) de chaque système sté-
nopéique (40) voit au plus 80 %, et de préférence
moins de 70 %, du volume de focalisation.
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7. Dispositif de détection selon l’une quelconque des
revendications précédentes, dans lequel un systè-
me sténopéique (40) comprend au moins trois sté-
nopés (22) agencés sur un polygone.

8. Dispositif de détection selon la revendication 7, dans
lequel les sténopés (22) sont agencés avec une sy-
métrie de rotation sur ledit polygone.

9. Dispositif de détection selon l’une quelconque des
revendications précédentes, dans lequel un systè-
me sténopéique (40) comprend un réseau régulier
d’au moins 2 x 2 sténopés, et d’au plus 4 x 4 sténo-
pés.

10. Dispositif de détection selon l’une quelconque des
revendications précédentes, dans lequel l’angle
d’ouverture total d’un sténopé (22) individuel est de
5 à 40 degrés, inclus, de préférence de 10 à 35 de-
grés, inclus.

11. Dispositif de détection selon l’une quelconque des
revendications précédentes, dans lequel les lignes
centrales de deux sténopés (22) voisins dans un sys-
tème sténopéique ont un point d’approximation la
plus proche qui est entre le collimateur (20) et le
volume de focalisation.

12. Dispositif de détection selon l’une quelconque des
revendications précédentes, dans lequel un angle
entre les lignes centrales de sténopés (22) voisins
dans un système sténopéique (40) est supérieur à
zéro degré, mais inférieur à leur angle d’ouverture.

13. Dispositif de détection selon l’une quelconque des
revendications précédentes, dans lequel il est prévu
au moins quatre systèmes sténopéiques (40), de
préférence au moins dix systèmes sténopéiques
(40).

14. Dispositif de détection selon l’une quelconque des
revendications précédentes, dans lequel le collima-
teur (20) comprend un anneau ou une partie de celui-
ci, ou le collimateur (20) comprend une plaque plate,
avec une pluralité de systèmes sténopéiques (40),
ou une pluralité de plaques plates reliées pour former
un corps de collimateur angulaire, tel qu’un polyèdre,
chaque telle plaque comportant au moins un systè-
me sténopéique (40).

15. Dispositif de détection selon l’une quelconque des
revendications précédentes, dans lequel le collima-
teur (20) est capable de tourner autour d’un axe, de
préférence un axe de symétrie du collimateur (20).

16. Dispositif de détection selon l’une quelconque des
revendications précédentes, dans lequel deux ou
plus, et de préférence la totalité, des sténopés (22)

d’un système sténopéique (40) sont prévus dans un
corps unique d’un matériau avec une faible pénétra-
tion des rayonnements, tel que le tungstène, l’iri-
dium, l’or, le platine ou l’uranium appauvri.
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