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Description

Technical Field

[0001] The present invention relates to an x-ray imag-
ing system, and particularly to an enclosed x-ray imaging
system which is able to provide a positive pressure dif-
ferential between an interior of the enclosure and an ex-
terior of the enclosure.

Background Art

[0002] X-ray imaging is a valuable diagnostic tool for
analysing the interior structure of a sample. In an x-ray
imaging system, a sample is placed between an x-ray
source and an x-ray detector, and the detector is irradi-
ated with x-rays from the source via the sample. The
intensity of the x-rays received at the detector via the
sample depends on the degree to which the portions of
the sample through which the x-ray beam passes atten-
uate the x-ray beam. Analysis of the detected x-rays is
therefore able to provide information about the internal
structure of the sample.
[0003] In traditional two-dimensional x-ray imaging, a
single projective image of a sample is acquired by placing
the sample between an x-ray source and a two-dimen-
sional detector, or a photographic plate, to measure a
single projection of the sample. If the dimensions of the
source are small compared with the distance to the sam-
ple, each point on the detector receives x-ray radiation
which has passed through the sample at a well-defined
angle from the source. While useful in some circumstanc-
es, this technique provides only limited information about
the internal structure of the sample, since radiodense
(relatively opaque to x-ray) features of the sample will
tend to occlude radiolucent (relatively translucent to x-
ray) features, and information about the sample in the
direction of the beam centreline, that is, depth informa-
tion, is lacking.
[0004] In computed tomography (CT), a series of x-ray
projections are acquired over a range of angles about
one or more predetermined axes of the sample. This can
be achieved by holding source and detector fixed in a
predetermined spatial relationship and rotating the sam-
ple relative to the source and detector, or by holding the
sample fixed and rotating the source and detector in a
predetermined spatial relationship about the sample. At
each angular step, one x-ray projection of the series is
acquired. Mathematical reconstruction using each of the
projections in the acquired series allows a volumetric
map of the radiodensity of the interior of the sample to
be obtained. Such a reconstruction can provide valuable
diagnostic information about the interior of the sample.
[0005] However, in computed tomography, the acqui-
sition process may involve acquiring projections at a se-
ries of angles about the sample with increments between
angles in the series of as little as 0.1 or 0.05 degree. The
smaller the angular interval between projections, the bet-

ter the resolution of the volumetric reconstruction is. Also,
the signal-to-noise in each of the acquired projections is
generally improved with longer exposures for each pro-
jection. Therefore, a single computed tomography acqui-
sition series can be very lengthy, if it is important to obtain
either or both of high resolution and good signal-to-noise.
[0006] During the series acquisition, changes in, for
example, the size and shape of the sample, the relative
alignment of source and detector, or the relative separa-
tion of source, detector, and sample can result in blurring
of the reconstructed volume map and a consequent loss
of resolution. It is thus of importance to ensure that, aside
from the intended incremental change in angle of the x-
ray projection about the sample, all other dimensions and
spatial relationships of the sample and the x-ray imaging
system remain constant throughout the imaging process.
[0007] Therefore, in high-resolution imaging systems,
it is important that the dimensional stability of the whole
system, including the dimensions of the source, the de-
tector and the sample, as well as their relative separa-
tions and orientations, is preserved even over long times-
cales.
[0008] It is conventional that the x-ray imaging system
is contained within an enclosure which is opaque to x-
rays. This allows an operator to conveniently operate the
x-ray imaging apparatus, as well to make appropriate
adjustments to the sample or exchanges of one sample
with another, between accumulations, without being sub-
ject to the x-ray radiation. When such an enclosure is in
a closed state, the temperature inside the enclosure may
be well-controlled. Therefore, dimensional stability of
both the sample and the source-detector system, which
comprises the source and detector arranged in a prede-
termined spatial relationship, may be high. Specifically,
the dimensional stability of the source-detector system
can include the stability of the alignment between the
source and the detector, the stability of the spacing be-
tween the source and the detector, and the stability of
the dimensions of individual components of each of the
source and the detector, at least.
[0009] However, when the enclosure is opened, either
to adjust the position of the sample or to replace the sam-
ple with another sample, the temperature of the air inside
the enclosure can change depending on the temperature
of the air outside the enclosure. As a consequence, ther-
mal expansion or contraction of the sample and of the
source-detector system can occur.
[0010] Once the enclosure is closed, the temperature
inside the enclosure will return to a normal operating con-
dition over a period of time. During this period of time,
any x-ray accumulation will tend to suffer blurring defects
due to thermal expansion or contraction of the source-
detector system, of the sample, or of both.
[0011] Therefore, it is customary to wait for the enclo-
sure and sample temperatures to stabilise after the en-
closure is closed and before the accumulation of imaging
data begins. This limits the rate at which a series of dif-
ferent samples may be imaged, and also lengthens the
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imaging process if, for example, the position or attitude
of the sample requires adjustment between exposures.
In particular, to obtain a particular view of a portion of a
sample, an operator may need to manually adjust the
position of the sample several times, acquiring an image
at each time, before the desired view is obtained. The
need to allow time for the temperature inside the enclo-
sure to stabilise slows this procedure.
[0012] There is therefore a need for an enclosed x-ray
imaging system which is better able to maintain the in-
ternal temperature even when the enclosure is opened.

Summary

[0013] According to the present disclosure, there is
provided an x-ray imaging system, comprising: an x-ray
source; an x-ray detector; a sample mount for mounting
a sample in a beam path between the x-ray source and
the x-ray detector; an enclosure enclosing at least the
sample mount in an interior of the enclosure; and a cli-
mate control system for regulating the climate inside the
enclosure, wherein: the enclosure has an aperture for
enabling access to at least the sample mount from out-
side the enclosure; the enclosure is provided with a door
operable between an open position in which the aperture
is open and a closed position in which the aperture is
closed by the door; and the climate control system is
operable to provide a positive pressure differential be-
tween the interior of the enclosure and an exterior of the
enclosure such that the interior of the enclosure is main-
tained at a higher pressure than the exterior of the en-
closure when the door is open, wherein the climate con-
trol system is configured to detect a condition in which
the door is open and to provide the positive pressure
differential conditional on the door being open.
[0014] In some embodiments, the climate-control sys-
tem comprises an air conditioner arranged to regulate at
least the temperature of the air inside the enclosure.
[0015] In some embodiments, the climate control sys-
tem comprises a blower arranged to draw air from outside
the enclosure and to supply it to the interior of the enclo-
sure to provide the positive pressure differential.
[0016] In some embodiments, the air conditioner com-
prises a temperature regulator for regulating the temper-
ature of the air supplied from outside the enclosure to
the interior of the enclosure.
[0017] In some embodiments, the climate control sys-
tem comprises an air flow regulator for regulating the flow
of the air supplied by the blower from outside the enclo-
sure to the interior of the enclosure.
[0018] In some embodiments, the temperature regu-
lator comprises a further air conditioner arranged to reg-
ulate the temperature inside the enclosure.
[0019] In some embodiments, the climate control sys-
tem is configured to detect a condition when a tempera-
ture inside the enclosure either exceeds or drops below
a predetermined threshold and to provide the positive
pressure differential when the temperature exceeds or

drops below the predetermined threshold.
[0020] In some embodiments, the climate control sys-
tem is configured to detect a condition when a tempera-
ture inside the enclosure either exceeds or drops below
a predetermined threshold and to adjust the temperature
of the air supplied from outside the enclosure to the in-
terior of the enclosure when the temperature exceeds or
drops below the predetermined threshold.
[0021] In some embodiments, the enclosure compris-
es a flexible curtain arranged to cover the aperture when
the door is open.
[0022] In some embodiments, the curtain is transpar-
ent.
[0023] In some embodiments, the enclosure compris-
es an air curtain arranged to operate across the aperture
to reduce air flow through the aperture when the door is
open.
[0024] In some embodiments, the air curtain is config-
ured to operate when the door is open.
[0025] In some embodiments, the aperture is less than
1m2 in area.
[0026] In some embodiments, the climate control sys-
tem comprises a temperature sensor inside the enclo-
sure and arranged to provide an interior temperature
measurement.
[0027] In some embodiments, the climate control sys-
tem comprises a plurality of temperature sensors inside
the enclosure each arranged to provide a local interior
temperature measurement at one location in the enclo-
sure, and wherein the climate control system is arranged
to determine an interior temperature measurement on
the basis of the local interior temperature measurements.
[0028] In some embodiments, the climate control sys-
tem comprises a pressure sensor inside the enclosure
and arranged to provide an interior pressure measure-
ment.
[0029] In some embodiments, the climate control sys-
tem comprises a pressure sensor outside the enclosure
and arranged to provide an exterior pressure measure-
ment.
[0030] In some embodiments, the climate control sys-
tem comprises a differential pressure sensor arranged
to provide a differential pressure measurement between
the interior and the exterior of the enclosure.
[0031] In some embodiments, the enclosure also en-
closes the x-ray source, the x-ray detector, or both.
[0032] In some embodiments, the air conditioner is ar-
ranged to provide a positive differential pressure of be-
tween 1 and 10 mBar when the door is open.
[0033] In some embodiments, the mount, source and
detector are together configured for computed tomogra-
phy imaging such that the source and detector are rela-
tively rotatable with reference to the sample mount.
[0034] In some embodiments, the system further com-
prises a controller adapted to control the relative rotation
of source and detector with reference to the sample
mount.
[0035] In some embodiments, the system further com-
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prises a memory adapted to record a series of x-ray im-
ages acquired at a series of angles in the relative rotation
of source and detector with reference to the sample
mount.
[0036] In some embodiments, the x-ray system com-
prises a tomography reconstruction unit, which is adapt-
ed to apply mathematical transformations to the series
of x-ray images to calculate a volumetric density map.
[0037] In some embodiments, the source and detector
are arranged to be fixed relative to the enclosure and the
sample mount is arranged to rotate relative to the enclo-
sure.
[0038] In some embodiments, the axis of the relative
rotation is perpendicular to a centreline of the beam path.

Brief Description of the Drawings

[0039] To better understand the present invention, and
to show how the same may be carried into effect, refer-
ence will be made, by way of example only, to the ac-
companying Drawings, in which:

Figure 1 shows a first embodiment of an x-ray imag-
ing system according to the present disclosure;

Figure 2 shows a second embodiment of an x-ray
imaging system according to the present disclosure;

Figure 3a shows a cross-section of a variant embod-
iment of an x-ray imaging system of the present dis-
closure;

Figure 3b shows a cross-section of a further variant
embodiment of an x-ray imaging system of the
present disclosure;

Figure 4 shows a control computer suitable for im-
plementing the present disclosure;

Figure 5 shows an air conditioner suitable for imple-
menting the present disclosure; and

Figure 6 shows a typical configuration of source, de-
tector and sample for x-ray computed tomography
suitable for use in implementing the present disclo-
sure.

Detailed Description

[0040] The basic concept of computed tomography is
shown in Figure 6. Figure 6 shows a source of x-ray ra-
diation S and a detector D for the radiation. The source
S emits a beam B of the radiation which is detected at
detector D. Interposed between source S and detector
D is a target object T, the internal structure of which is
intended to be analysed. This arrangement is common
to both traditional and CT imaging.
[0041] In computed tomography, the target object T is

relatively rotated around axis A with respect to a refer-
ence frame defined by source S, detector D, and beam
B. Beam B has a centreline C. At small angular intervals
of rotation, a sequence of radiographic projections is ac-
quired by detector D. After a complete circular rotation
about axis A, the sequence of images so obtained are
synthesized into a volume map of object T in terms of
the relative opacity of target object T to the selected ra-
diation. While it is conventional to use a complete 360
degree rotation to obtain the sequence of images, in
some cases it is acceptable to acquire images covering
a rotation angle of at least 180 degrees.
[0042] Such a volume map can be used to determine
the internal structure of target object T. The mathematical
techniques used to transform the series of individual ra-
diographic images, or radiographic projections as they
are conventionally termed, into the volume map form part
of the common general knowledge of one skilled in the
art in this field, and are normally computerised or com-
puter-implemented.
[0043] Depending on the type, and especially on the
size, of target object T, the fixed reference frame for the
rotation about axis A can be selected. In some cases,
the source and detector can in opposition rotate about
the axis A, for example in medical imaging applications
where it is impractical to rotate a human body or body
part as a whole. In other cases, when target object T is
small, the object may be placed on a turntable and can
be rotated about axis A while using a fixed source S and
fixed detector D. This latter scenario is usual in industrial
CT imaging.
[0044] Figure 1 shows a first embodiment 100 of an x-
ray imaging system. System 100 comprises x-ray source
110, which is adapted to generate x-rays of a particular
energy profile and to direct them in a beam propagating
along a beam centreline. For example, x-ray source 110
can produce x-rays of around 100 keV and can direct
them in a conical beam with angular divergence of ap-
proximately 10 degrees about the beam centreline. Op-
posed to x-ray source 110 along the beam centreline is
detector 120, which is arranged to receive the x-ray beam
originating from source 110.
[0045] Detector 120 is here a two-dimensional pixel
array detector, having a grid of pixel regions each of
which is adapted to measure the intensity of x-rays ar-
riving at the detector during a predetermined exposure
interval. While historically x-ray detectors have included
a plate coated in x-ray sensitive photographic emulsion,
in modern systems, including computer tomography (CT)
systems, it is conventional for such detectors to be elec-
tronic. For example, the pixel regions of detector 120 may
each be charge-coupled devices (CCDs) sensitive to the
energy of x-rays provided from source 110.
[0046] Preferably, source 110 and detector 120 are ar-
ranged to communicate with a control computer 101,
shown in more detail in Figure 4, which functions as a
system controller to control the x-ray emission from
source 110, to record the intensity data obtained from
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detector 120 and, optionally, to perform the computed
tomography reconstruction. Detector 120 is appropriate-
ly sized so that the beam of x-rays from source 110 is
recorded over a particular angular range either side of
the beam centreline, which may or may not be the full
angular divergence of the beam. Although the beam from
source 110 may have circular or elliptical symmetry about
the beam centreline, detector 120 is usually square or
rectangular for ease of manufacture. Therefore, it is usual
for the angular divergence of the beam from source 110
and the dimensions of detector 120, as well as the spac-
ing between source 110 and detector 120 to be selected
such that the beam completely fills detector 120.
[0047] To acquire an image of a sample, the sample
is interposed in the beam path between source 110 and
detector 120. Preferably, for high-resolution imaging, the
sample should be placed and positioned on the beam
centreline so that the projected image of a region of in-
terest of the sample on the detector just fills the pixel grid
of the detector in order to make full use of the available
resolution of the detector. Therefore, to accurately posi-
tion the sample, a sample mount 130 is provided which
provides a platform or other support structure on which
a sample, shown in Figure 1 as sample 900, may be
positioned. Typically, the platform or other support struc-
ture on which the sample is positioned is made of a ra-
diolucent material, so that elements of the sample mount
which are in the beam path do not appear in the acquired
image.
[0048] Sample mount 130 may be a single fixed mount
point, or may be adjustable for translation of the sample
in one or more directions along and across the beam
path, and for rotation of the sample about one or more
rotation axes, to allow for proper positioning of the sample
in the beam path. In the embodiment of Figure 1, sample
mount 130 allows translation of the sample 900 in three
axes, being one axis along the beam path and two axes
across the beam path, and also allows rotation of the
sample about a single axis which crosses the beam path
perpendicular to a centreline of the beam path. In the
embodiment of Figure 1, rotation of the sample 900 by
sample mount 130 is used in the acquisition of the series
of projections at different angles required for the comput-
ed tomography reconstruction. However, in other em-
bodiments, rotation of the source-detector system, about
a predetermined axis passing through the sample mount
may be used to obtain the series of projections, or rotation
of the entire sample mount 130 by a separate rotation
stage, may be used for the series acquisition.
[0049] As shown in Figure 4, control computer 101
here includes a rotation controller 101a which is adapted
to control the relative rotation of source and detector with
reference to the sample mount. For example, rotation
controller may be provided as a software or hardware
unit which gives rotation commands to sample mount
130.
[0050] Control computer 101 also comprises a mem-
ory 101b adapted to record a series of x-ray images ac-

quired at a series of angles in the relative rotation of
source and detector with reference to the sample mount.
Memory 101b may be, for example, implemented as a
solid state store or hard disk drive, and may also be adapt-
ed to record rotation data obtained from rotation control-
ler 101b which corresponds to the rotation commands
given to sample mount 130.
[0051] Control computer 101 also comprises a tomog-
raphy reconstruction unit 101c, which is adapted to apply
mathematical transformations to the series of x-ray im-
ages, optionally also with reference to the acquired rota-
tion data, to calculate a volumetric density map. Mathe-
matical transforms suitable for x-ray tomographic recon-
struction are known in the art, and may be selected based
on factors including the quality of the reconstruction re-
quired and the processing power available.
[0052] Control computer 101 also comprises a source
controller 101d, which is adapted to control the functions
of source 110, for example to initiate and terminate pro-
duction of x-rays and to adjust beam parameters includ-
ing beam divergence, x-ray flux and x-ray energy.
[0053] Control computer 101 has a communications
bus 101e, which communicates between units 101a,
101b, 101c and 101d. Communications bus 101e also
communicates with interface module 101f, by means of
which units 101a, 101b, and 101d at least, are able to
communicate with, respectively and for example, sample
mount 130, detector 120, and source 130. Interface mod-
ule 101f may be, for example, a General Purpose Inter-
face Bus (GPIB) interface, a USB (Universal Serial Bus)
interface, or an Ethernet interface.
[0054] Control computer 101 may be, for example, a
microprocessor having software modules adapted to per-
form each of its functions. Alternatively, control computer
101 may be provided as a distributed control and
processing network, having discrete hardware modules
adapted to perform each of its functions, and communi-
cating via a network. Further, control computer 101 may
be implemented as a group of discrete industrial control-
lers which are configured to communicate with each other
via communications channels, such as RS232 commu-
nications links.
[0055] Source 110, detector 120, and sample mount
130 are each provided within, that is, at an interior of,
enclosure 140, one of the functions of which is to prevent
x-rays generated, scattered or reflected within the enclo-
sure from exiting the enclosure, and another of the func-
tions of which is to prevent any undesired objects from
crossing the beam path or interfering with the sample,
source or detector during the imaging process. While en-
closure 140 may take a variety of forms, for simplicity
enclosure 140 can be considered to be a cuboidal box
having a layer or sheet of radiodense material, such as
lead or lead alloy, applied to each surface to form a ra-
diopaque barrier preventing the leakage of x-ray radiation
from the enclosure.
[0056] To allow an operator to exchange samples, and
to allow the position of sample 900 on sample mount 130
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to be adjusted, enclosure 140 has an aperture 141 in one
external surface of the enclosure which connects the ex-
terior and the interior of the enclosure. The aperture is
sufficiently large to allow an operator to easily exchange
or position samples. The chosen size of aperture 141 will
depend on the maximum size of the sample which must
be introduced through it, and will also depend on the ac-
cess requirements for the hands of the operator or for
suitable implements to be introduced through the aper-
ture to adjust the sample.
[0057] For example, for large samples, special han-
dling equipment such as cranes may be required to in-
troduce and remove samples, while for very small sam-
ples, tweezers or tongs may be used to introduce and
remove the sample. However, for samples which are suit-
able for straightforward manual handling, it is envisaged
that an aperture having an area of around 1m2, preferably
less than 1m2, and having an approximately square
shape will be appropriate. For certain applications, such
as room-sized enclosures, an aperture larger than 1m2

may be provided to allow large samples to be imaged
and even to allow the operator to enter the enclosure and
perform necessary tasks.
[0058] To prevent the undesired emission of x-rays
from source 110 through aperture 141, for example dur-
ing the acquisition process, and to avoid disturbance of
the sample or the source-detector system during the ac-
quisition process, aperture 141 is provided with a door
142, which also includes a layer of radiodense material,
and which is sized either to fit the aperture in the manner
of a plug or to be slightly larger than the aperture and to
cover the aperture when closed. For example, the door
may be hinged, and may be opened by an operator to
access the sample space. Alternatives to a hinged door
include a removable door or a sliding door.
[0059] In the embodiment of Figure 1, for reasons of
safety, an interlocking mechanism is provided which dis-
ables the operation of the x-ray source 110 when the
door is opened. Here, such interlocking is provided by
door sensor 143, which detects whether or not door 142
is closed, and communicates with x-ray source 110 to
only permit operation of the source 110 when the door
is closed. Door sensor 143 may, for example, be a switch
which is closed when the door is closed, or may be a
non-contact sensor such as an optical sensor which ex-
hibits a change in an electrical property, such as conduc-
tivity, when the door is closed. Such communication can
occur via, for example, control computer 101.
[0060] The operation of the x-ray imaging components,
especially source 110, generates a certain amount of
heat, which tends to raise the temperature inside enclo-
sure 140. Conduction of heat through enclosure 140 from
interior to exterior will tend to balance the generation of
heat by the imaging components. Therefore, when the
door is closed and the system is operating, the temper-
ature will tend to an equilibrium value.
[0061] In contrast, when the door is opened, there is
the potential for air from outside the enclosure to mix with

air inside the enclosure in sufficient quantity as to cause
a sudden change in temperature inside the enclosure. If
allowed to occur, this may cause dimensional instability
in one or more of sample 900, source 110 and detector
120.
[0062] To avoid such a temperature change, a climate
control system including air conditioner 150 is provided
to supply air with a predetermined temperature to the
interior of enclosure 140. Air conditioner 150 draws air,
for example by means of a blower, through inlet 151,
which is located outside enclosure 140. Air conditioner
150 then adjusts the temperature of the air, for example,
by means of one or more of a heat exchanger, a cooler
and a heater acting as a temperature regulator, to a tem-
perature approximately equal to a normal operating tem-
perature inside the enclosure, and then supplies the air
via flow regulator 152, being, for example, a valve, and
via conduit 153a and outlet 153 to the interior of the en-
closure. In so doing, the air conditioner generates an
overpressure inside enclosure 140 relative to the pres-
sure outside enclosure 140, namely, a positive pressure
differential between the interior and the exterior of the
enclosure.
[0063] An exemplary construction of air conditioner
150 is shown in Figure 5. Air conditioner 150 has inlet
151, through which air may be drawn by the action of
blower 150a. From blower 150a, air passes to air cooling
unit 150b, in which it may be cooled by the operation of
cooling element 150c. Cooling element 150c may be im-
plemented as, for example, a heat-exchange refrigerator
coil in which a cold refrigerant flows. Alternatively, cooling
element 150c may be implemented as, for example, a
thermoelectric cooling element, such as a Peltier cooler.
From air cooling unit 150b, air passes to air heating unit
150d, in which it may be heated by the operation of heat-
ing element 150e. Heating element 150e may be imple-
mented as a heat-exchange heating coil in which a hot
heat transfer medium flows. Alternatively, heating ele-
ment 150e may be implemented as, for example, a ther-
moelectric heating element, such as a coil of resistive
wire.
[0064] Together, air cooling unit 150b and air heating
unit 150d act as a temperature regulator. From air heating
unit 150d, air passes to regulator 152, which may be im-
plemented as a valve, before passing into enclosure 140
via outlet 153.
[0065] Air conditioner 150 has a temperature controller
150f, which communicates with outlet temperature sen-
sor 150g. Outlet temperature sensor 150g is arranged in
or near outlet 153 to measure the outlet air temperature.
Temperature controller 150f sends commands to heating
element 150e and/or cooling element 150c to vary the
heating or cooling action to achieve an intended outlet
temperature. The action of temperature controller 150f
can be achieved by means of feedback control, for ex-
ample, by means of a PID (Proportional-Integral-Deriv-
ative) controller. However, in other embodiments, outlet
temperature sensor may be omitted, and external de-
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mands to the air conditioner for cooler or warmer air can
be applied to one or both of the heating element 150e
and cooling element 150c.
[0066] The flow of air obtainable from air conditioner
150 is sufficient so that, even when door 142 is opened,
an overpressure inside enclosure 140 may be maintained
so as to prevent air from outside the enclosure from en-
tering the enclosure and mixing with the air in the enclo-
sure.
[0067] Therefore, a significant drop in temperature in-
side the enclosure may be avoided. Since the enclosure
may be maintained at an overpressure even when the
door is open, the temperature variations that can cause
dimensional instability in the source-detector system, for
example changes in the separation or alignment between
the source and the detector, or in the sample, are avoid-
ed. Therefore, when the door is subsequently closed, the
temperature inside enclosure 140 remains approximate-
ly equal to the temperature inside the enclosure before
the door was opened, and imaging may be almost im-
mediately resumed without the necessity of waiting for
the temperature to equilibrate.
[0068] Without being bound by any particular theory of
operation of the present disclosure, the turbulent volu-
metric flow Q of air through an aperture of area A is given
by the equation 

in which ΔP is the pressure difference across the aper-
ture, ρ is the density of the air, and Cd is a discharge
coefficient which is 0.61 for a flat plate aperture, such as
a rectangular window. The exponent of 0.5 is selected
for turbulent flow, and will vary for laminar or viscous flow
conditions associated with very large or very small open-
ings.
[0069] Therefore, if air conditioner 150 is capable of
providing a volume flow of air to the interior of enclosure
140 exceeding that passing through aperture 141 accord-
ing to the above equation, the pressure difference will be
maintained and the positive differential pressure inside
enclosure 140 will exist even when door 142 is open.
Conversely, for a desired positive differential pressure
through aperture 141, the required volumetric flow pro-
vided by air conditioner 150 may be calculated by the
above equation. Also, or alternatively, these parameters
may be selected by suitable experiment.
[0070] The flow velocity Vf through aperture 141 is giv-
en by the relationship Vf = Q/A and is, for air of approx-
imately constant density, only a function of the pressure
difference between the interior and the exterior of enclo-
sure 140. If the flow velocity through aperture 141 is se-
lected such that the flow of air out from the enclosure is
faster than the thermal diffusion speed of heat into the
enclosure, the positive pressure differential across aper-
ture 141 will be able to prevent a change of temperature

inside enclosure 140. The construction and functionality
of air conditioner 150 can vary depending on the user
requirements. The degree of flow regulation provided by
valve 152 can be adjusted to select the degree of over-
pressure achieved. However, the air conditioner 150 is
only operated to provide the overpressure when the door
is opened. The air conditioner 150 is linked to a sensor
such as door sensor 143 used in the safety interlock to
trigger the air conditioner to provide the overpressure
automatically when the door is opened.
[0071] Inlet 151, outlet 153, or both may be provided
with an air filter to prevent particles from outside the en-
closure being drawn into the enclosure while the air con-
ditioner 150 is operating.
[0072] The temperature of the air supplied by air con-
ditioner 150 can either be regulated to a predetermined
normal operating temperature of the enclosure, or, as
shown in Figure 1, temperature sensor 154 may be po-
sitioned inside the enclosure and arranged to measure
the air temperature inside the enclosure to inform the air
conditioner 150 of the desired temperature of incoming
air through outlet 153, so that air supplied from air con-
ditioner 150 can be brought to a correct temperature be-
fore being supplied to the interior of the enclosure. In this
way, the air supplied through outlet 153 is at approxi-
mately the same temperature as the air already inside
the enclosure, so that undesired temperature variation
is avoided.
[0073] In another variant, temperature sensor 154 can
be used to detect when the temperature inside the en-
closure has changed by more than a predetermined per-
mitted amount from a normal operating temperature.
When such a change is detected, the air conditioner 150
is arranged so as to supply additional temperature-reg-
ulated air through outlet 153, or air at an increased or
decreased temperature, or both, to restore the temper-
ature inside the enclosure to the approximate nominal
operating temperature and to provide the overpressure.
In such a configuration, temperature sensor 154 can pro-
vide feedback control, for example to flow regulator 152
or to the temperature regulator of air conditioner 150, to
regulate the amount or temperature of temperature-reg-
ulated air provided to the interior of enclosure 140, and
thereby to regulate the temperature inside the enclosure.
Feedback control can be achieved, for example, by the
use of a PID (Proportional-Integral-Derivative) controller.
In other embodiments, the air conditioner can be ar-
ranged to supply air at a constant predetermined tem-
perature, at a constant predetermined flow rate, or both.
[0074] Temperature sensor 154 can include a plurality
of temperature sensors provided inside the enclosure,
each of which is arranged to provide a local interior tem-
perature measurement at one location in the enclosure.
Using such a plurality of sensors allows the climate con-
trol system to determine an interior temperature meas-
urement representing the temperature inside the enclo-
sure on the basis of the local interior temperature meas-
urements, for example on the basis of a mean tempera-
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ture, a modal temperature, a maximum or a minimum
temperature in the enclosure as detected by the plurality
of temperature sensors.
[0075] In the embodiment of Figure 1, the air condi-
tioner may be adjusted to provide a minimum, or a max-
imum, or both a minimum and a maximum positive dif-
ferential pressure between the interior and the exterior
of enclosure 140. Such a pressure differential may be
selected to be in the range of 1 mbar to 10 mbar when
the door is open. The flow of air provided by air condi-
tioner 150 from outlet 153 may be chosen to achieve the
required pressure differential when the door is open. Nat-
urally, a larger aperture 141 will require a larger air flow
from air conditioner 150 to provide and maintain the pos-
itive overpressure when the door is open. However, this
will be easily within the capability of one skilled in the art
to determine, by means of straightforward experimenta-
tion.
[0076] In an alternative embodiment, shown in Figure
2, an additional air conditioner is present which is oper-
able to control the environment, and particularly the tem-
perature, within the enclosure even when the door is
closed. With reference to Figure 2, system 200 exhibits
similar elements to system 100 shown in Figure 1, and
similar elements having reference numerals of the form
2xx should be taken to be essentially similar to the ele-
ments assigned reference numerals lxx and described
above with reference to Figure 1. For example, source
210 is essentially similar to source 110, and detector 220
is essentially similar to detector 120 as described above.
[0077] In addition to air conditioner 250, which draws
air from outside enclosure 240 through inlet 251 from
outside the enclosure, regulates its temperature, and pro-
vides it via flow regulator 252 through outlet 253 to the
interior of enclosure 240 to provide an overpressure even
when the door is open, the climate control system of en-
closure 240 also comprises secondary air conditioner
260. Secondary air conditioner 260 is a closed-loop air
conditioner which has an inlet 261 and an outlet 262 both
arranged inside enclosure 240, and is arranged to adjust
the temperature by means of a temperature regulator
and, optionally, the humidity by means of a humidity reg-
ulator, of air passing from inlet 261 to outlet 262. Thereby,
secondary air conditioner 260 is arranged regulate the
environmental conditions inside enclosure 240, for ex-
ample, to remove some of the excess heat generated by
source 210 when operating to produce x-rays. To this
end, secondary air conditioner 260 communicates with
a temperature sensor 264 provided inside enclosure 240
to detect the temperature inside the enclosure, and is
arranged to adjust the temperature of the air provided
from outlet 262 to maintain the temperature detected by
temperature sensor 264 at a constant, predetermined
level.
[0078] In contrast to air conditioner 260, which is not
present in the embodiment described with reference to
Figure 1, the operation of air conditioner 250 in the em-
bodiment of Figure 2 is similar to the operation of air

conditioner 150 shown in Figure 1. In the embodiment of
Figure 2, air conditioner 250 is configured to operate
when the door is open through use of door sensor 243.
Since secondary air conditioner 260 is provided to reg-
ulate the temperature of the air inside the enclosure when
the door is closed, temperature regulation provided by
air conditioner 250 need not be as precise, since if the
temperature of air supplied through outlet 253 to provide
the overpressure is cooler or warmer than the desired
operating temperature inside enclosure 240, feedback
from temperature sensor 264 to secondary air condition-
er 260 will still enable the overall temperature to be main-
tained in a stable fashion. However, in some embodi-
ments, it may be preferable that the air conditioner 250
is provided with its own temperature sensor inside en-
closure 240, in a similar manner as shown in Figure 1,
to enable the air supplied through outlet 253 to provide
the overpressure to have a regulated temperature ap-
proximately equal to the temperature already existing
within enclosure 240.
[0079] Alternatively or additionally, a communication
channel can be provided between air conditioner 250 and
secondary air conditioner 260, for example using a sim-
ple two-wire analogue signal, to communicate tempera-
ture information detected by temperature sensor 264, to
ensure that the air provided through outlet 253 is at an
appropriate temperature for maintaining a predetermined
stable temperature inside enclosure 240, for example, is
supplied at the same temperature as the air supplied by
air conditioner 260. In some circumstances, if secondary
air conditioner 260 determines that the temperature in-
side the enclosure as registered by temperature sensor
264 has deviated beyond an acceptable, predetermined
margin from the desired temperature inside enclosure
240, for example due to the door 242 having been opened
for an extended period of time, secondary air conditioner
260 can communicate to air conditioner 250 that air at
an elevated temperature or a reduced temperature
should be provided through outlet 253 to assist in warm-
ing or cooling the interior of enclosure 240.
[0080] While the secondary air-conditioning system
260 is able to regulate the air temperature inside the en-
closure while it is closed, it may be impractical or expen-
sive to provide a conventional air-conditioning system
alone which is powerful enough to maintain the temper-
ature within the enclosure when the enclosure is open.
Furthermore, it may be also impractical or expensive to
maintain the whole environment in which the enclosure
may be situated, and within which the operator may work,
at the same temperature as that inside the enclosure.
Especially, an appropriate ambient operating air temper-
ature for the components inside the enclosure may be
very different from a preferred environmental tempera-
ture for the operator outside the enclosure. However, the
described combination of air conditioner 250 and sec-
ondary air conditioner 260 is especially able to maintain
a preferred operating air temperature inside the enclo-
sure both when the enclosure is open and when the en-
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closure is closed, in a cost-effective and efficient manner.
[0081] The embodiment of Figure 2 also has a differ-
ential pressure sensor 257, which comprises exterior
pressure sensor 256 and interior pressure sensor 255.
Differential pressure sensor 257 communicates with air
conditioner 250, and particularly communicates to air
conditioner 250 the pressure differential between the in-
terior of enclosure 240 and the exterior of enclosure 240.
Preferably, the differential pressure sensor is located at
aperture 241, to determine the pressure differential ex-
isting near aperture 241 inside and outside enclosure
240. Air conditioner 250 is configured to use the differ-
ential pressure reported by differential pressure sensor
257 to determine the quantity of air that should be pro-
vided through outlet 253 to the interior of enclosure 240
to achieve or sustain a desired, predetermined pressure
differential. For example, differential pressure sensor
257 can be used to feedback to flow regulator 252 the
achieved differential pressure, such that flow regulator
252 will permit greater flow into the enclosure the further
the measured differential pressure by differential pres-
sure sensor 257 is from a predetermined desired differ-
ential pressure.
[0082] Such an arrangement can also be used with the
single air conditioner configuration shown in Figure 1, by
providing a differential pressure sensor to air conditioner
150. In alternative embodiments, only the exterior pres-
sure sensor 256 or the interior pressure sensor 255 may
be provided. If only interior pressure sensor 255 is pro-
vided, then the exterior pressure may be assumed to be
normal atmospheric pressure, while if only exterior pres-
sure sensor 256 is provided, a model of enclosure 240
may be used, together with information provided by flow
regulator 252 on the rate of air supplied to enclosure 240,
to estimate the internal pressure. For this purpose, infor-
mation about the temperature inside enclosure 240 ob-
tained from temperature sensor 264 may be used, also.
[0083] In some embodiments air conditioner 150/250
may be provided having two flow settings of the flow reg-
ulator, a first, smaller flow setting for generating a desired
overpressure when the door is closed and a second, larg-
er flow setting for generating the approximately the same
desired overpressure when the door is open. Such ar-
rangements are able to prevent a large pressure change
when the door is opened, which pressure changes may
also be associated with temperature changes of the air
inside the enclosure.
[0084] In any of the described embodiments, to im-
prove the capability of enclosure 140 or enclosure 240
to maintain the internal temperature even when door 142
is open, aperture 141 may additionally be provided with
a curtain for restricting the flow of air through the aperture
even when the door is open.
[0085] For example, as shown in Figure 3a, a flexible
curtain 144 may be provided to cover aperture 141 to
provide a physical barrier to the flow of air from outside
enclosure 140 to the interior of enclosure 140 via aperture
141. For example, curtain 144 can be formed by a series

of strips of material, such as polymer material, extending,
or hanging, across the height and width of aperture 141.
For example, transparent vinyl strips may be used, or for
increased radiation safety, lead-doped vinyl strips may
be used.
[0086] In alternative variant, as shown in Figure 3b, an
air curtain may be provided to provide a directional air
stream across the entire height and width of aperture 141
to reduce to infiltration of air from the exterior of the en-
closure 140 to the interior. The air curtain is provided by
air curtain discharge nozzle 145a, which is arranged to
direct a flow of air across the height and width of the
opening. In the embodiment shown in Figure 3b, air cur-
tain recovery nozzle 145b is provided opposed to air cur-
tain supply nozzle 145a across the height of aperture 141
to provide a suction to control turbulence in the air curtain
supplied by discharge nozzle 145a. However, air curtain
recovery nozzle 145b is optional, and a relatively uniform
flow of air across aperture 141 may be obtained in some
circumstances with the use of air curtain discharge noz-
zle 145a alone.
[0087] In any of the above variants, although the length
of conduit 153a/253a from regulator 152/252 to outlet
153/253 is shown as a long section of conduit, it is also
possible to arrange regulator 152/252 in a short section
of conduit between air conditioner 150/250 and outlet
153/253> However, it may be preferred that the total path
from inlet 151/251 to outlet 153/253, and preferably, the
total path between air conditioner 150/250 and outlet
153/253 is relatively long compared with the cross-sec-
tional dimensions of the conduit.
[0088] In each of the above variants, the degree of
overpressure achieved inside the enclosure is deter-
mined by the flow regulator 152/252. However, if a simple
blower, such as a centrifugal blower, is used as part of
air conditioner 150/250 to draw air from inlet 151/251 and
supply it to outlet 153/253, the efficiency of the blower
will decrease as pressure rises in enclosure 140/240.
Accordingly, in some operating circumstances, a simple
blower will self-regulate to provide the desired degree of
overpressure. In such cases, one skilled in the art will be
able to select a blower having suitable back-pressure
flow characteristics to ensure that an appropriate over-
pressure will be achieved, even when door 142/242 is
open. However, in other embodiments, feedback, such
as by a differential pressure sensor, is used to actively
regulate the flow of air, whether by adjusting a flow reg-
ulator or simply by adjusting the operating speed of the
blower of air conditioner 150/250, to achieve a predeter-
mined degree of overpressure. A combination of both
methods may also be used.
[0089] In the above embodiments, it is assumed that
the enclosure encloses all of the source, the detector and
the sample mount. However, an alternative arrangement
is possible, in which the sample mount is contained within
a sample chamber, defined by an enclosure and having
a closable aperture, and at least one or both of the source
and detector are provided outside the sample chamber.
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In such an arrangement, the x-rays may be introduced
to the sample chamber from the source and/or allowed
to exit the sample chamber to the detector through one
or more appropriately positioned x-ray transparent win-
dows. In such an arrangement, heat generated outside
the sample chamber, for example by the source or de-
tector, may have less impact on the temperature inside
the sample chamber than if the source and/or detector
were enclosed by the same enclosure as the sample.
However, temperature fluctuations caused by opening
the door may still affect the dimensional stability of the
sample. Therefore, the arrangements described above
for improving the temperature stability inside an enclo-
sure are also applicable. For safety, such arrangements
may also require a secondary enclosure to surround the
source and the detector, or the source and the detector
may be configured such that, when properly aligned with
the windows of the sample chamber, undesired leakage
of x-rays will not occur. Therefore, in each of the de-
scribed embodiments, either the source, the detector, or
both may be located outside the enclosure, without lim-
itation.
[0090] Although the present disclosure has been de-
scribed with reference to computed tomography 3D im-
aging systems, the concepts disclosed herein may also
be applied equivalently to 2D x-ray imaging systems.
[0091] The above-described embodiments, taken to-
gether or separately, should be understood to be purely
exemplary, and one skilled in the art will be able to modify
or adapt the described embodiments and to apply the
disclosed concepts to suit local preferences and engi-
neering requirements. Accordingly, the scope of the
present invention should be understood as being limited
only by the scope of the appended claims, which should
be taken to encompass all modifications, adaptations, or
substitutions which one skilled in the art could achieve
in light of the technical concepts presented in the fore-
going disclosure.

Claims

1. An x-ray imaging system, comprising:

an x-ray source;
an x-ray detector;
a sample mount for mounting a sample in a
beam path between the x-ray source and the x-
ray detector;
an enclosure enclosing at least the sample
mount in an interior of the enclosure; and
a climate control system for regulating the cli-
mate inside the enclosure, wherein:

the enclosure has an aperture for enabling
access to at least the sample mount from
outside the enclosure;
the enclosure is provided with a door oper-

able between an open position in which the
aperture is open and a closed position in
which the aperture is closed by the door;
and
the climate control system is operable to
provide a positive pressure differential be-
tween the interior of the enclosure and an
exterior of the enclosure such that the inte-
rior of the enclosure is maintained at a high-
er pressure than the exterior of the enclo-
sure when the door is open, wherein the cli-
mate control system is configured to detect
a condition in which the door is open and to
provide the positive pressure differential
conditional on the door being open.

2. The x-ray imaging system of any preceding claim,
wherein the climate control system comprises at
least one temperature sensor inside the enclosure
and arranged to provide an interior temperature
measurement.

3. The x-ray imaging system of claim 2, wherein the
climate control system comprises a plurality of tem-
perature sensors inside the enclosure each ar-
ranged to provide a local interior temperature meas-
urement at one location in the enclosure, and where-
in the climate control system is arranged to deter-
mine an interior temperature measurement on the
basis of the local interior temperature measure-
ments.

4. The x-ray imaging system of any preceding claim,
wherein the climate control system comprises a
pressure sensor inside the enclosure and arranged
to provide an interior pressure measurement.

5. The x-ray imaging system of any preceding claim,
wherein the climate control system comprises a
pressure sensor outside the enclosure and arranged
to provide an exterior pressure measurement.

6. The x-ray imaging system of any preceding claim,
wherein the climate control system comprises a dif-
ferential pressure sensor arranged to provide a dif-
ferential pressure measurement between the interior
and the exterior of the enclosure.

7. The x-ray imaging system according to any preced-
ing claim, wherein the climate control system com-
prises an air conditioner arranged to regulate at least
the temperature of the air inside the enclosure.

8. The x-ray imaging system according to any preced-
ing claim, wherein the climate control system com-
prises a blower arranged to draw air from outside
the enclosure and to supply it to the interior of the
enclosure to provide the positive pressure differen-
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tial.

9. The x-ray imaging system of Claim 8, wherein the
air conditioner comprises a temperature regulator for
regulating the temperature of the air supplied from
outside the enclosure to the interior of the enclosure.

10. The x-ray imaging system of Claim 8 or 9, wherein
the climate control system comprises an air flow reg-
ulator for regulating the flow of the air supplied by
the blower from outside the enclosure to the interior
of the enclosure.

11. The x-ray imaging system of Claim 9 or 10, wherein
the temperature regulator comprises a further air
conditioner arranged to regulate the temperature in-
side the enclosure.

12. The x-ray imaging system of any preceding claim,
wherein the climate control system is configured to
detect a condition when a temperature inside the en-
closure either exceeds or drops below a predeter-
mined threshold and to provide the positive pressure
differential when the temperature exceeds or drops
below the predetermined threshold.

13. The x-ray imaging system of any preceding claim,
wherein the climate control system is configured to
detect a condition when a temperature inside the en-
closure either exceeds or drops below a predeter-
mined threshold and to adjust the temperature of the
air supplied from outside the enclosure to the interior
of the enclosure when the temperature exceeds or
drops below the predetermined threshold.

14. The x-ray imaging system of any preceding claim,
wherein the enclosure comprises a flexible curtain
arranged to cover the aperture when the door is
open.

15. The x-ray imaging system of claim 14, wherein the
curtain is transparent.

16. The x-ray imaging system of any preceding claim,
wherein the enclosure comprises an air curtain ar-
ranged to operate across the aperture to reduce air
flow through the aperture when the door is open.

17. The x-ray imaging system of Claim 16, wherein the
air curtain is configured to operate when the door is
open.

18. The x-ray imaging system of any preceding claim,
wherein the aperture is less than 1m2 in area.

19. The x-ray system of any preceding claim, wherein
the enclosure also encloses the x-ray source, the x-
ray detector, or both.

20. The x-ray system of any preceding claim, wherein
the air conditioner is arranged to provide a positive
differential pressure of between 1 and 10 mBar when
the door is open.

21. The x-ray system of any preceding claim, wherein
the mount, source and detector are together config-
ured for computed tomography imaging such that
the source and detector are relatively rotatable with
reference to the sample mount.

22. The x-ray system of claim 21, wherein the system
further comprises a controller adapted to control the
relative rotation of source and detector with refer-
ence to the sample mount.

23. The x-ray system of claim 21 or 22, wherein the sys-
tem further comprises a memory adapted to record
a series of x-ray images acquired at a series of an-
gles in the relative rotation of source and detector
with reference to the sample mount.

24. The x-ray system of claim 23, wherein the x-ray sys-
tem comprises a tomography reconstruction unit,
which is adapted to apply mathematical transforma-
tions to the series of x-ray images to calculate a vol-
umetric density map.

25. The x-ray system of any one of claims 21 to 24,
wherein the source and detector are arranged to be
fixed relative to the enclosure and the sample mount
is arranged to rotate relative to the enclosure.

26. The x-ray system of any one of claims 21 to 25,
wherein the axis of the relative rotation is perpendic-
ular to a centreline of the beam path.

27. The x-ray system of any preceding claim, wherein
the enclosure comprises a radiopaque barrier for
preventing leakage of x-ray radiation from inside the
enclosure.

Patentansprüche

1. Röntgenbildgebungssystem, umfassend:

eine Röntgenstrahlenquelle;
einen Röntgenstrahlendetektor;
einen Probenträger zum Anbringen einer Probe
in einem Strahlenpfad zwischen der Röntgen-
strahlenquelle und dem Röntgenstrahlendetek-
tor;
eine Umgrenzung, die zumindest den Proben-
träger in einem Inneren der Umgrenzung um-
grenzt; und
ein Klimasteuerungssystem zum Regeln des
Klimas innerhalb der Umgrenzung, wobei:
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die Umgrenzung eine Öffnung zum Ermög-
lichen von Zugang zu zumindest dem Pro-
benträger von außerhalb der Umgrenzung
besitzt;
die Umgrenzung mit einer Tür versehen ist,
die zwischen einer offenen Position, in der
die Öffnung offen ist, und einer geschlosse-
nen Position, in der die Öffnung durch die
Tür geschlossen ist, betätigbar ist; und
das Klimasteuerungssystem dahingehend
betätigbar ist, eine positive Druckdifferenz
zwischen dem Inneren der Umgrenzung
und einem Äußeren der Umgrenzung be-
reitzustellen, sodass das Innere der Um-
grenzung auf einem höheren Druck gehal-
ten wird als das Äußere der Umgrenzung,
wenn die Tür offen ist, wobei das Klimas-
teuerungssystem konfiguriert ist, einen Zu-
stand zu erfassen, in dem die Tür offen ist,
und die positive Druckdifferenz unter der
Bedingung bereitzustellen, dass die Tür of-
fen ist.

2. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei das Klimasteuerungssys-
tem zumindest einen Temperatursensor innerhalb
der Umgrenzung umfasst, der angeordnet ist, eine
Innentemperaturmessung bereitzustellen.

3. Röntgenbildgebungssystem nach Anspruch 2, wo-
bei das Klimasteuerungssystem eine Vielzahl von
Temperatursensoren innerhalb der Umgrenzung
umfasst, die jeweils angeordnet sind, eine lokale In-
nentemperaturmessung an einem Ort in der Um-
grenzung bereitzustellen, und wobei das Klimasteu-
erungssystem angeordnet ist, eine Innentempera-
turmessung auf der Basis der lokalen Innentempe-
raturmessungen zu bestimmen.

4. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei das Klimasteuerungssys-
tem einen Drucksensor innerhalb der Umgrenzung
umfasst, der angeordnet ist, eine Innendruckmes-
sung bereitzustellen.

5. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei das Klimasteuerungssys-
tem einen Drucksensor außerhalb der Umgrenzung
umfasst, der angeordnet ist, eine Außendruckmes-
sung bereitzustellen.

6. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei das Klimasteuerungssys-
tem einen Differenzdrucksensor umfasst, der ange-
ordnet ist, eine Differenzdruckmessung zwischen
dem Inneren und dem Äußeren der Umgrenzung be-
reitzustellen.

7. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei das Klimasteuerungssys-
tem eine Klimaanlage umfasst, die angeordnet ist,
zumindest die Temperatur der Luft innerhalb der
Umgrenzung zu regeln.

8. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei das Klimasteuerungssys-
tem ein Gebläse umfasst, das angeordnet ist, Luft
von außerhalb der Umgrenzung einzuziehen und
diese dem Inneren der Umgrenzung zuzuführen, um
die positive Druckdifferenz bereitzustellen.

9. Röntgenbildgebungssystem nach Anspruch 8, wo-
bei die Klimaanlage einen Temperaturregler zum
Regeln der Temperatur der von außerhalb der Um-
grenzung dem Inneren der Umgrenzung zugeführ-
ten Luft umfasst.

10. Röntgenbildgebungssystem nach Anspruch 8 oder
9, wobei das Klimasteuerungssystem einen Luft-
stromregler zum Regeln des Stromes der durch das
Gebläse von außerhalb der Umgrenzung dem Inne-
ren der Umgrenzung zugeführten Luft umfasst.

11. Röntgenbildgebungssystem nach Anspruch 9 oder
10, wobei der Temperaturregler eine weitere Klima-
anlage umfasst, die angeordnet ist, die Temperatur
innerhalb der Umgrenzung zu regeln.

12. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei das Klimasteuerungssys-
tem konfiguriert ist, einen Zustand zu erfassen, in
dem eine Temperatur innerhalb der Umgrenzung ei-
ne vorbestimmte Schwelle entweder über- oder un-
terschreitet, und die positive Druckdifferenz bereit-
zustellen, wenn die Temperatur die vorbestimmte
Schwelle über- oder unterschreitet.

13. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei das Klimasteuerungssys-
tem konfiguriert ist, einen Zustand zu erfassen, in
dem eine Temperatur innerhalb der Umgrenzung ei-
ne vorbestimmte Schwelle entweder über- oder un-
terschreitet, und die Temperatur der von außerhalb
der Umgrenzung dem Inneren der Umgrenzung zu-
geführten Luft anzupassen, wenn die Temperatur
die vorbestimmte Schwelle über- oder unterschrei-
tet.

14. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei die Umgrenzung einen
flexiblen Vorhang umfasst, der angeordnet ist, die
Öffnung abzudecken, wenn die Tür offen ist.

15. Röntgenbildgebungssystem nach Anspruch 14, wo-
bei der Vorhang transparent ist.
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16. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei die Umgrenzung einen
Luftvorhang umfasst, der angeordnet ist, durch die
Öffnung hindurch zu wirken, um den Luftstrom durch
die Öffnung zu reduzieren, wenn die Tür offen ist.

17. Röntgenbildgebungssystem nach Anspruch 16, wo-
bei der Luftvorhang konfiguriert ist, zu wirken, wenn
die Tür offen ist.

18. Röntgenbildgebungssystem nach einem der vorste-
henden Ansprüche, wobei die Öffnung eine Fläche
von weniger als 1 m2 aufweist.

19. Röntgensystem nach einem der vorstehenden An-
sprüche, wobei die Umgrenzung auch die Röntgen-
strahlenquelle, den Röntgenstrahlendetektor oder
beide umgrenzt.

20. Röntgensystem nach einem der vorstehenden An-
sprüche, wobei die Klimaanlage angeordnet ist, ei-
nen positiven Differenzdruck zwischen 1 und 10
mBar bereitzustellen, wenn die Tür offen ist.

21. Röntgensystem nach einem der vorstehenden An-
sprüche, wobei der Träger, die Quelle und der De-
tektor zusammen für die Computertomografiebild-
gebung konfiguriert sind, sodass die Quelle und der
Detektor relativ in Bezug auf den Probenträger dreh-
bar sind.

22. Röntgensystem nach Anspruch 21, wobei das Sys-
tem weiter eine Steuerung umfasst, die angepasst
ist, die relative Drehung der Quelle und des Detek-
tors in Bezug auf den Probenträger zu steuern.

23. Röntgensystem nach Anspruch 21 oder 22, wobei
das System weiter einen Speicher umfasst, der an-
gepasst ist, eine Reihe von Röntgenbildern aufzu-
zeichnen, die bei einer Reihe von Winkeln in der re-
lativen Drehung von Quelle und Detektor in Bezug
auf den Probenträger erworben werden.

24. Röntgensystem nach Anspruch 23, wobei das Rönt-
gensystem eine Tomografierekonstruktionseinheit
umfasst, die angepasst ist, mathematische Um-
wandlungen auf die Reihe von Röntgenbildern an-
zuwenden, um eine Karte der volumetrischen Dichte
zu berechnen.

25. Röntgensystem nach einem der Ansprüche 21 bis
24, wobei die Quelle und der Detektor angeordnet
sind, relativ zu der Umgrenzung befestigt zu sein,
und der Probenträger angeordnet ist, sich relativ zu
der Umgrenzung zu drehen.

26. Röntgensystem nach einem der Ansprüche 21 bis
25, wobei die Achse der relativen Drehung senkrecht

zu einer Mittellinie des Strahlenpfads ist.

27. Röntgensystem nach einem der vorstehenden An-
sprüche, wobei die Umgrenzung eine röntgendichte
Barriere zum Unterbinden eines Austretens von
Röntgenstrahlung aus dem Inneren der Umgren-
zung umfasst.

Revendications

1. Système d’imagerie à rayons X, comprenant :

une source de rayons X ;
un détecteur de rayons X ;
un support d’échantillon pour monter un échan-
tillon dans un trajet de faisceau entre la source
de rayons X et le détecteur de rayons X ;
une enceinte renfermant au moins le support
d’échantillon à l’intérieur de l’enceinte; et
un système de commande de climat pour régu-
ler le climat à l’intérieur de l’enceinte, dans
lequel :

l’enceinte présente une ouverture pour per-
mettre un accès au au moins un support
d’échantillon depuis l’extérieur de l’encein-
te;
l’enceinte est fournie avec une porte pou-
vant fonctionner entre une position ouverte
dans laquelle l’ouverture est ouverte et une
position fermée dans laquelle l’ouverture
est fermée par la porte ; et
le système de commande de climat peut
fonctionner pour fournir une différence de
pression positive entre l’intérieur de l’en-
ceinte et l’extérieur de l’enceinte de sorte
que l’intérieur de l’enceinte est maintenu à
une pression plus élevée que l’extérieur de
l’enceinte quand la porte est ouverte, dans
lequel le système de commande de climat
est configuré pour détecter une condition
dans laquelle la porte est ouverte et pour
fournir la différence de pression positive à
la condition que la porte soit ouverte.

2. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel le systè-
me de commande de climat comprend au moins un
capteur de température à l’intérieur de l’enceinte et
agencé pour fournir une mesure de température in-
térieure.

3. Système d’imagerie à rayons X selon la revendica-
tion 2, dans lequel le système de commande de cli-
mat comprend une pluralité de capteurs de tempé-
rature à l’intérieur de l’enceinte agencés chacun pour
fournir une mesure de température intérieure locale
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à un emplacement dans l’enceinte, et dans lequel le
système de commande de climat est agencé pour
déterminer une mesure de température intérieure
sur la base des mesures de température intérieure
locales.

4. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel le systè-
me de commande de climat comprend un capteur
de pression à l’intérieur de l’enceinte et agencé pour
fournir une mesure de pression intérieure.

5. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel le systè-
me de commande de climat comprend un capteur
de pression à l’extérieur de l’enceinte et agencé pour
fournir une mesure de pression extérieure.

6. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel le systè-
me de commande de climat comprend un capteur
de pression différentielle agencé pour fournir une
mesure de pression différentielle entre l’intérieur et
l’extérieur de l’enceinte.

7. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel le systè-
me de commande de climat comprend un climatiseur
agencé pour réguler au moins la température de l’air
à l’intérieur de l’enceinte.

8. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel le systè-
me de commande de climat comprend un ventilateur
agencé pour attirer de l’air depuis l’extérieur de l’en-
ceinte et pour le fournir à l’intérieur de l’enceinte pour
fournir la différence de pression positive.

9. Système d’imagerie à rayons X selon la revendica-
tion 8, dans lequel le climatiseur comprend un régu-
lateur de température pour réguler la température
de l’air fourni depuis l’extérieur de l’enceinte à l’inté-
rieur de l’enceinte.

10. Système d’imagerie à rayons X selon la revendica-
tion 8 ou 9, dans lequel le système de commande
de climat comprend un régulateur de flux d’air pour
réguler le flux de l’air fourni par le ventilateur depuis
l’extérieur de l’enceinte à l’intérieur de l’enceinte.

11. Système d’imagerie à rayons X selon la revendica-
tion 9 ou 10, dans lequel le régulateur de température
comprend un autre climatiseur agencé pour réguler
la température à l’intérieur de l’enceinte.

12. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel le systè-
me de commande de climat est configuré pour dé-

tecter une condition dans laquelle une température
à l’intérieur de l’enceinte soit dépasse, soit chute en
deçà d’un seuil prédéterminé et pour fournir la diffé-
rence de pression positive quand la température dé-
passe ou chute en deçà du seuil prédéterminé.

13. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel le systè-
me de commande de climat est configuré pour dé-
tecter une condition dans laquelle une température
à l’intérieur de l’enceinte soit dépasse, soit chute en
deçà d’un seuil prédéterminé et pour ajuster la tem-
pérature de l’air fourni depuis l’extérieur de l’enceinte
à l’intérieur de l’enceinte quand la température dé-
passe ou chute en deçà du seuil prédéterminé.

14. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel l’encein-
te comprend un rideau flexible agencé pour couvrir
l’ouverture quand la porte est ouverte.

15. Système d’imagerie à rayons X selon la revendica-
tion 14, dans lequel le rideau est transparent.

16. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel l’encein-
te comprend un rideau d’air agencé pour fonctionner
en travers de l’ouverture pour réduire le flux d’air à
travers l’ouverture quand la porte est ouverte.

17. Système d’imagerie à rayons X selon la revendica-
tion 16, dans lequel le rideau d’air est configuré pour
fonctionner quand la porte est ouverte.

18. Système d’imagerie à rayons X selon une quelcon-
que revendication précédente, dans lequel l’ouver-
ture est inférieure à 1 m2 de superficie.

19. Système à rayons X selon une quelconque revendi-
cation précédente, dans lequel l’enceinte renferme
également la source de rayons X, le détecteur de
rayons X, ou les deux.

20. Système à rayons X selon une quelconque revendi-
cation précédente, dans lequel le climatiseur est
agencé pour fournir une pression différentielle posi-
tive située entre 1 et 10 mbar quand la porte est
ouverte.

21. Système à rayons X selon une quelconque revendi-
cation précédente, dans lequel le support, la source
et le détecteur sont configurés ensemble pour une
imagerie de tomodensitométrie de sorte que la sour-
ce et le détecteur sont rotatifs relativement par rap-
port au support d’échantillon.

22. Système à rayons X selon la revendication 21, dans
lequel le système comprend en outre un dispositif
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de commande adapté pour commander la rotation
relative de la source et du détecteur par rapport au
support d’échantillon.

23. Système à rayons X selon la revendication 21 ou 22,
dans lequel le système comprend en outre une mé-
moire adaptée pour enregistrer une série d’images
de rayons X acquises à une série d’angles dans la
rotation relative de la source et du détecteur par rap-
port au support d’échantillon.

24. Système à rayons X selon la revendication 23, dans
lequel le système à rayons X comprend une unité
de reconstruction tomodensitométrique, laquelle est
adaptée pour appliquer des transformations mathé-
matiques aux séries d’images de rayons X pour cal-
culer une carte de densité volumétrique.

25. Système à rayons X selon l’une quelconque des re-
vendications 21 à 24, dans lequel la source et le
détecteur sont agencés pour être fixés par rapport
à l’enceinte et le support d’échantillon est agencé
pour pivoter par rapport à l’enceinte.

26. Système à rayons X selon l’une quelconque des re-
vendications 21 à 25, dans lequel l’axe de la rotation
relative est perpendiculaire à une ligne centrale du
trajet de faisceau.

27. Système à rayons X selon une quelconque revendi-
cation précédente, dans lequel l’enceinte comprend
une barrière radio-opaque pour empêcher une fuite
de rayonnement de rayons X depuis l’intérieur de
l’enceinte.
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