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Description
Cross Reference to Related Application

[0001] This application claims the priority of the Euro-
pean patent application No. 99112248.2, filed on June
25, 1999.

TECHNICAL FIELD

[0002] The invention refers to the field of X-ray imag-
ing for medical and other purpeses. It is based on the
subject-matter as set forth in the preamble of the inde-
pendent claim.

BACKGROUND ART

[0003] The invention refers to a state of the art as
known from the U. S. Pat. No.- 4,773,087, in which a
conventional photographic X-ray imaging system for full
body or partial body imaging is disclosed. The system
is equipped with a scanning digital detector for monitor-
ing primary and scattered X-ray radiation. The laterally
extended detector is positioned behind a film cassette
and is addressed linewise and linearly shifted up and
down for providing a two-dimensional scan of the film
cassette area. The digital detector signal is used as a
feedback signal for controlling the X-ray source in order
to improve the photographic image quality.

[0004] However, the digital sensor by its own cannot
deliver a useful X-ray image of the patient's body. The
digital image quality, in particular the spatial resolution,
scattering, dynamic range and sensitivity, is inappropri-
ate for medical X-ray imaging. The disclosed digital
scanning system shows insufficient performance in sev-

film cassette, thereby enhancing X-ray scattering; the
vertical scanning range of the detector is limited by a
decrease of the effective aspect ratic and hence sensi-
tivity when the detector is moved cut of a position facing
the X-ray source; as detector an image intensifier plate
is proposed that suffers from low X-ray sensitivity and
large optical scattering; -furthermore the optical readout
of the image intensifier plate is accomplished by a plu-
rality of moving parts that add considerable mechanical
complexity to the digital detector. .
[0005] Inthe EP 0 291 299 a digital X-ray scanning
system for partial or full body imaging is shown. A bar-
shaped movable scintillator body and a multi-line pho-
todetector are scanned synchronously with a moving X-
ray beam across the stationary patient. The scan is per-
formed by a linear translation of the detector arrange-
ment and the collimator, which selects radiation from a
wide-aperture X-ray source. A major problem is the fact
that the patient cannot lean still at the X-ray apparatus,
because the collimator in the front and the detector in
the back of the patient are vertically moving. lt is there-
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fore difficult or impossible to maintain constant and re-
producible distances collimator-patient and/or patient-
detector during the scan. Furthermore, the patient must
keep a certain (too large) minimal distance to the detec-
tor. Another problem is the loss of X-ray energy and the
varying X-ray beam density or focus quality, that arise
from using the wide-angle source and moving collima-
tor. Consequently the overall image quality and in par-
ticular the spatial resolution are limited and are still con-
siderably lower than in conventional photographic X-
raying systems.

[0006] Inthe EP 0 904 734 a combined digital X-ray
scanning and photographic system for panoramic den-
tal X-ray imaging is disclosed. The X-ray source and the
digital sensor cassette or film cassette are mounted on
arotary arm in fixed positions thereby facing each other.
A panoramic X-ray image of teeth is generated by rotat-
ing the arm about a vertical axis centered at the patient's
head and by sequentially reading out a vertical linear
sensing array or by horizontally shifting a film cassette
along a vertical collimator slit. Obviously X-ray imaging
with a rotary movement is only feasible when scanning
ahead or other round body parts and preferentially small
areas. The rotary movement is inadequate to scan lon-
gitudinally extended body parts, because the variations
in imaging distance would by far exceed the depth of
focus and blur the image. Therefore the system is inca-
pable of producing full body images. Other disadvantag-
es are, that the patient may not secure his head position
by leaning to the rotary amm during a scan, and that the
digital sensor cassette must be removed when a film
cassette is mounted.

[0007] EP-A-O 768 061 deals with X-ray scanning of
bone wherein the position of the detector is adjust rela-
tive to the patient during a second scan at a different

RN NI R

BRIEF SUMMARY OF THE INVENTION

[0008] It is the object of the invention to provide an
improved digital X-ray system suitable for fast, large-ar-
ea as well as high resolution X-ray imaging. This object
is achieved according to the invention by the subject-
matter as set forth in the independent claims.

[0009] The invention discloses novel means for ori-
enting or positioning X-ray imaging means with respect
to an X-ray source in order to achieve an improved X-

ray imaging quality. More specifically, the invention re-. . ..

sides in a special detector arrangement comprising a
scanning X-ray detector, wherein an additional degree
of freedom for reorienting the detector towards an X-ray
source is provided; the detector housing may further
comprise a photographic plate and is reorientable for
switching between digital scanning and high resolution
photographic X-ray imaging, or the digital scanning de-
tector may be positioned under an angle shifted towards
an anode side of the X-ray tube in order to exploit an
improved collimation quality of the X-ray beam. Thus, in
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the first aspect, the effective receiving area of the digital
detector is increased, in the second aspect, the digital
scanning is complemented by conventional high reso-
jution imaging by providing mounting means for crient-
ing either the digital detector or the photographic plate
relative to the X-ray beam, and, in the third aspect,
mounting means for orienting the digital detector are
provided such that an X-ray beam can be received with
minimum beam divergence. By these measures the de-
tection efficiency is increased, the image resolution is
enhanced and the beam exposure of patients can be
minimized.

[0010] In the first aspect of the invention a digital X-
ray scanning apparatus comprises an X-ray source, col-
limator, mounting and scanning means for a detector,
digital data acquisition means and a control unit for
steering the X-ray apparatus, wherein additional mount-
ing and scanning means are provided for orienting the
X-ray detector in at least one dimension towards the X-
ray source independent from and in coordination with a
digital scanning movement. Thus the detector efficiency
is clearly improved. In particular the effective receiving
area of the detector can be kept constant in at least one
dimension even in extreme detector positions during the
scan. By providing at least two separate degrees of free-
dom for the X-ray detector the scanning and orienting
movements of the X-ray detector can be controlled and
optimized independently from each other.

[0011] Embodiments refer to translational means for
moving the X-ray detector on a linear path. By choosing
a linear scanning movement along the patient's body the
distance patient-detector can be kept constant which
leads to a uniform and high image quality throughout the
X-ray scan. Alternatively the X-ray detector can be
moved along a curved or circular path about the X-ray

. source such that the distance source-detector is kept
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constant. Rotational means for orienting the X-ray de-
tector can be implemented such that an aspect ratio of
the X-ray detector as viewed from the X-ray source is
maintained throughout a scan. A single-line or few- or
multi-line digital detector is well suited geometrically for
linewise scanning an extended object such as a pa-
tient's body and serially reading out the detector in order
to generate a two-dimensional image. As well, a single-
or multi-line digital X-ray detector is advantageous over
a large two-dimensional detector array since massive
parallel data processing is avoided and only rather mod-
est computing power is.required.

[0012]
rotatable plate for receiving an elongated single- or mul-
ti-line X-ray detector is provided, wherein the carriage
is movable in a direction essentially perpendicular to its
lateral extension. In this set-up large area scans, as re-
quired for digital partial or full body X-ray imaging, can
be realized with unprecedented image quality and little
computing power. The means for scanning and orienting
the X-ray detector can be mounted inside a housing that
remains stationary during a scan. The patient can then
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lean to the housing in order to maintain a constant dis-
tance to the detector. Thereby the quality and repeata-
bility of digital X-ray imaging is further improved.
[0013] Moreover, a swiveling mounting of the X-ray
source, a mechanical or efectrical coupling between the
scanning and orienting movement of the X-ray detector
and the swiveling or translational movement of the X-
ray source, and sliding clutches for a safe operation of -
the apparatus may be provided.

[0014] In an embodiment of the invention a digital X-
ray scanning apparatus comprises an X-ray source, col-
limator, mounting and scanning means for a detector,
digital data acquisition means, a contro! unit for steering
the X-ray apparatus and additional photographic X-ray
imaging means including a cassette holder for photo-
graphic films, wherein a common housing is provided
for receiving the X-ray detector and the cassette holder
in such a way that they are facing towards different side
faces of the housing, and the housing is reorientable
such that either the film cassette or the X-ray detector
is positioned for X-ray imaging. As a consequence, the
X-ray detector and the cassette holder for photographic
films are permanently installable in the X-ray apparatus.
It is sufficient to reorient the common detector/cassette
holder housing and to adapt the X-ray collimator in order
to switch between digital and conventional X-ray!imag-
ing. There is no need to store either the detector or the
film cassette in a separate place. Thus switching be-
tween digital and conventional X-ray imaging is strongly
facilitated.

[0015] Moreover, the range of application of the digital
X-ray scanning apparatus is favourably enlarged by in-
tegrating photographic X-ray imaging means in stch a
way. The digital subsystem serves forfast X-raying parts
or the totality of a human or animal body or other ex-
tended object. Such X-ray scans may be monitoredon ‘
a TV screen and/or may be image processed, stored,
archived and retrieved electronically. By switching to the
photographic subsystem specific body parts or object
details can be investigated in greater detail and with
higher resolution. The photographic subsystem is par-
ticularly usefui for imaging bone structures and perform-
ing special examinations, such as mammography. The
easy handling of both subsystems according to inven-
tion is of great advantage for medical personnel.
[0016] Embodiments refer to a housing which has the
X-ray detector mounted on a front side and the cassette
holder on a back side and which is rotatable such that
either the front or back side is facing towards an X-ray
source. Preferable implementations have any of the fol-
lowing features: the same X-ray source is utilizedfor dig-
ital and conventional X-ray imaging; the X-ray collimator
is removable or openable for photographic X-ray imag-
ing; and the removal or cpening is steered automatically,
e. g. by a sensor indicating the presence of a photo-
graphic film in the cassette holder, by a switch in the
cassette holder, by a sensor indicating an orientation of
the housing for either digital or photographic X-ray im-
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aging, by means of software and/or by a manual switch.
[0017] In another embodiment of the invention a dig-
ital X-ray scanning apparatus comprises an X-ray
source, collimator, mounting and scanning means for a
detector, digital data acquisition means and a control
unit for steering the X-ray apparatus, wherein mounting
means for hoiding the X-ray detector in a position shifted
towards an anode side of the X-ray source by an angle
o are provided, wherein 0°<a<B with B=anode angle.
This detector orientation is specifically chosen to benefit
from an improved X-ray beam quality and it allows to
minimize the X-ray exposure of patients during digital
X-ray scans.

[0018] In a preferred embodiment the positioning an-
gle ais selected around p/2 and, in particular 4°<a<12°,
preferably a=6° with p=12°.

[0019] Otherembodiments relate to an integrated col-
limator design wherein the collimator is easily switcha-
ble between a collimated X-ray beam for digital X-ray
scanning and a broad or wide-angle beam for conven-
tional photographic X-ray imaging.

[0020] Further embodiments refer to the X-ray detec-
tor comprising a single- or multi-line array of scintillator
crystals that are coupled to optical detectors, to an A/D
converter and to a persenal computer for serial readout.
[6021] A yet other embodiment addresses the dimen-
sioning of the X-ray apparatus, in particular for fast dig-
ital full body imaging with improved image quality, by
choosing appropriate distances source-detector, colli-
mator-detector and patient-detector for adapting the
beam shape to the digital detector dimensions and for
minimizing X-ray scattering. Thereby digital imaging
with image resolution better than 2 linepairs per mm is
achievable with very low X-ray doses.

[0022] Final embodiments describe the design of aro-

with collimator and an X-ray detector, wherein the
source plus collimator and the detector are individually
tiltable and optionally the source-detector distance is
variable.

[0023] Other objects, features and advantages of the
present invention will become apparent from the de-
pendent claims and the description in connection with
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The description is related to the accompanying
drawings, in which o

Fig. 1 shows a general schematic of a digital scan-
ning X-ray apparatus comprising a detectorar-
rangement according to invention;

Fig.2 shows a first detector arrangement with a

scanning and orienting mechanism suitable for
large area digital X-ray imaging;
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shows a second detector arrangement that
comprises a photographic plate and is reori-
entable for either digital or conventional X-ray
imaging;

Fig. 3

shows an embodiment with an X-ray collimator
thatis switchable between a narrow and awide
aperture for digital and conventional X-ray im-

aging;

Fig. 4

Fig. 5 shows a third detector arrangement wherein
the position of a digital scanning detector is
shifted by an angle towards an anode side of
the X-ray tube;

Fig. 6 shows an embodiment of the x-ray apparatus
wherein an X-ray beam is aligned or scanned
by swiveling a supporting arm; and

Fig. 7 shows an embodiment of the x-ray apparatus
wherein an X-ray beam is aligned or scanned
by translating a supporting arm.

[0025] In the drawings identical parts are designated
by identical reference numerals.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] The invention refers to an X-ray apparatus 1
as exemplified in Fig. 1. The apparatus 1 comprises an
X-ray source 2 with an anode 2a and a cathode 2b (in-
dicated schematically), a collimator 3 with a collimator
silt 3a and an X-ray detector arrangement 17, a support-
ing artm 9 for holding the X-ray source 2 and the detector

. arrangement 17 and a structure or mount 21 for sus-

pending the supportlng arm 9. The detector arrange-
ment 17 includes mounting and scanning means 10-12
for an X-ray detector 14. These means 10-12 comprise
a detector housing 10 and a carriage 11 that is movable
along guiding rails 12. The scanning means further com-
prise at least one motor 7. Means 16 for digital data ac-
quisition from the X-ray detector 14 and a control unit
2c for steering the X-ray apparatus 1 are provided. A
digital image of a patient's body is generated by scan-
ning a collimated X-ray beam 26a over an area 5 and
coordinately moving the carriage 11 with the detector 14
along.a path 8b and/or 27. For this purpose the X-ray
source 2 is swiveled, as indicated by arrows 8d;-about
a suspension point 22; alternatively it can be linearly
translated (Fig. 7). The lateral extensions of the collima-
tor slit 3a and of the detector 14 determine the width of
the image to be scanned. However, it is also possible to
perform a scanning movement of the X-ray source 2
and/or collimator slit 3a and the detector 14 in two di-
mensions. The supporting arm 9 may contain means 23
for driving moving parts 10, 11, 2, 3, 3a mounted to it.
The supporting arm 9 itself can be shiftable, as indicated
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by arrows 27, along the structure 21. The orientation of
the structure 21 and of the supporting arm 9 is adapted
to the patient's position. Typically the structure 21 is ver-
tical, when the patient is standing (as shown) or sitting,
and it is horizontal, when the patient is lying. The sup-
porting arm 9 can be oriented perpendicularly or other-
wise tilted with respect to the structure 21.

[0027] Fig. 2 shows, in a first general aspect of the
invention, additional mounting and scanningmeans 13,
15 for performing in at least one dimension an orienting
movement 8¢ of the X-ray detector 14 towards the X-
ray source 2 during a digital scanning procedure, where-
in the orienting movement 8¢ and the scanning move-
ments 8b and/or 27 are independent degrees of free-
dom of the X-ray detector 14, and the X-ray apparatus
1 is designed for steering the orienting movement 8¢ of
the X-ray detector 14 in coordination with the scanning
movement 8b and/or 27 of the X-ray detector 14.
[0028] The mounting and scanning means 9-12, 7
shall comprise translational means 11, 12 for moving the
X-ray detector 14 along a straight line segment 8b, 27
or along a curved or circular line segment inside the
housing 10 or possibly together with the housing 10 (Fig.
6, arrows 8a); and/or the additional means 13, 15 com-
prise rotational means 13, 15 for tilting the X-ray detec-
tor 14 in order to maintain a constant aspect ratio of the
X-ray detector 14 as viewed from the X-ray source 2;
and/or the X-ray detector 14 is a single- or multi-line dig-
ital X-ray detector 14 useful for linewise scanning large
areas 5.

[0029] The translational means 11 shown in Fig. 2 is
acarriage 11 thatis movable in a direction perpendicular
to its lateral extension, the rotational means 13 is a ro-
tatable plate 13 that is mounted on the carriage 11 and
is designed for receiving the X-ray detector 14, and, in

particular, the rotatable plate 13 is laterally extended for

receiving an elongated single-line digital X-ray detector
14 suitable for partial or full body X-ray scanning 8a, 8b,
8d, 27. The plate 13 can be rotated by a motor drive unit
15 such that the X-ray detector 14 is oriented in one di-
mension towards the X-ray source 2 during a digital
scanning movement 8b, 27.

[0030] In apreferred embodiment a housing 10 for re-
ceiving the translational and rotational means 11, 12, 13
is provided, which housing 10 can be kept motionless
or stationary during the scanning procedure. In particu-
lar the mounting and scanning means 9-12, 7 comprise
means 9, 7, such as the supporting arm 9 and the motor
7, for repositioning the housing 10 for different scanning
procedures.

[0031] Alternatively, the housing 10 can be moved it-
self during a scan. Thereby a combined scanning move-
ment 8b, 27 in coordination with an orienting movement
8c of the detector 14 is implemented.

[0032] Fig. 3 shows, in an embodiment of the inven-
tion, a detector arrangement 17 with combined digital/
photographic detection means 4, 14 for an X-ray appa-
ratus according to Fig. 1. In this configuration additional
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photographic X-ray imaging means 2, 3, 4 comprising a
cassette holder 4 for photographic films are provided.
[0033] According to invention the mounting means
9-11 comprise a housing 10 that is designed for receiv-
ing the X-ray detector 14 and the cassette holder 4 in
such a way that the X-ray detector 14 and the photo-
graphic film are facing towards different side faces of
the housing 10 and the mounting means 9-11 are de-
signed for performing a reorienting movement 8z of the
housing 10 such that either the film cassette 4 or the X-
ray detector 14 is positioned for X-ray imaging. The
housing 10 of the integrated photographic/digital detec-
tor 17 may be closed or may have open faces. This de-
tector arrangement is very advantageous because the
digital detector 14 and the cassette holder 4 are always
at hand. Switching between the digital and conventional
X-ray imaging mode is simplified a lot compared to state
of the art devices. Besides that, the rotational switching
between both detection means 14, 4 allows to return
precisely to a previous position of the digital scanning
detector 14 after photographic imaging.

[0034] In detail Fig. 3 shows a housing 10 that is
adapted for receiving the X-ray detector 14 on a front
side 24 and the cassette holder 4 on a back side 25, and
the mounting means 9-11 have an axis z for rotating the
front side 24 or the back side 25 of the housing-10 to-
wards an X-ray source 2. Preferably the axis z is orient-
ed horizontally or vertically, corresponding to whether
Fig. 3 presents a top view or side view. A torque-free
suspension of the housing 10 is possible by positioning
the rotational axis z at the center of gravity of the com-
bined detector housing 10. As shown in Fig. 3a the X-
ray beam is collimated 26a when the detector 14 is ori-
ented towards the X-ray source 2. The detector 14'can,
but need not be equipped with the previously described
means 9-12, 7, 18, 15 for a linear scanning movement
8b, 27 and a rotational orienting movement 8c. Accord-
ing to Fig. 3b a broad X-ray beam 26b is used when a
photographic film in a conventional cassette holder 4
shall be exposed. Note that the film and cassette holder
4 are shown only schematically.

[0035] Preferred embodiments are related to any of
the following features: a use of the same X-ray source
2 for both digital and photographic X-ray imaging; an X-
ray collimator 3 thatis removable or a slit 3a that is open-
able for photographic X-ray imaging; an X-ray collimator
3 or a slit 3a that is steered automatically, in particular
by a.sensor indicating the presence of a photographic
film in the cassette holder 4, by a switch in the cassette
holder 4, by a sensor indicating an orientation of the
housing 10 for digital or photographic X-ray imaging, by
a manual switch, and/or by means of software.

[0036] Fig. 4 shows a collimator 3 according to inven-
tion that is useful for both digital and photographic im-
aging. The essentially cone-shaped collimator 3 is rig-
idly attached to the X-ray source 2. The X-ray collimator
3 has an opening 3b for photographic imaging and com-
prises at least one movable shutter 19a with a built-in
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collimator slit 3a to provide a precisely collimated beam
26a for digital X-ray scanning. By this design a rectan-
gular beam profile is provided that can easily and effi-
ciently be widened or narrowed for photographic or dig-
ital imaging. Desirable features are: an X-ray collimator
3 comprising one or two pivoted shutters 19a, 19b; an
X-ray collimator 3 comprising a turning knob 18 to open
or close the at least one shutter 19a, 19b; a shutter 19a
having means 20 for adjusting a position of the slit 3a
and/or a width y of the slit3ainarange 0.2mm <y <5
mm; and/or an X-ray collimator slit 3a that is positioned
in a fixed distance from the X-ray source 2.

[0037] Preferably means for swiveling 8d the X-ray
source 2 and the collimator 3, 3a in coordination with
the scanning movement 8b, 27 and orienting movement
8c of the X-ray detector 14 are provided. In particular a
balanced suspension about an axis 22 extending
through the center of gravity of the X-ray source 2 and
the collimator 3, 3a is provided for a torque-free
swiveling movement 8d. As well, means for a rotational
movement 8a (Fig. 6) or a linear movement 27 (Fig. 7)
of the source 2 and collimator 3 in coordination with the
movement 8b, 27, 8c of the detector 14 may be imple-
mented. A counterweight for a force-free linear move-
ment 8a would then be desirable. A hand grip 6 for
swiveling and/or linearly shifting the source 2 and colli-
mator 3 is shown as well.

[0038] A motor drive unit 15 and mechanical coupling
means 23 are provided for synchronously driving the
scanning movement 8b, 27 and the orienting movement
8¢ of the X-ray detector 14 and a translational or
swiveling movement 27; 8a, 8d of the X-ray source 2
(Fig. 1, 4, 6 and 7). The mechanical coupling means 23
can be e. g. a chain drive or a synchronous belt drive.
These rather simple means allow for a high precision of

. synchronization _between the at least two degrees of

freedom 8b, 27; 8c of the detector 14 and the movement
27, 8a, 8d of the source 2 plus collimator 3, 3a. Alterna-
tively several motor drive units 15 and an electrical con-
trolmeans 2c¢ for driving and synchronizing the scanning
movement 8b, 27 and the orienting movement 8c of the
X-ray detector 14 and a translational or swiveling move-
ment 27; 8a, 8d of the X-ray source 2 are provided. With
such an electrical synchronization it is most simple to
provide for a variable collimator-detector distance. For
safety reasons sliding clutches can be built in between
the at least one motor drive unit 15 and moving parts 2,
3, 4, 9, 10 of the X-ray apparatus.1.

[0039] Fig. 5 shows, in another embodiment of the in-
vention, a digital X-ray scanning apparatus 1, as known
from Fig. 1, wherein the mounting means 9-11 are de-
signed such that the X-ray detector 14 is held in a posi-
tion shifted towards an anode side 2a of the X-ray
source 2 by an angle o, where 0°<a<f with B=anode
angle. Note that the anode 2a is shown in actual shape
and orientation, but not to scale, whereas the cathode
2b is only indicated schematically. This detector orien-
tation is chosen for receiving an X-ray beam with high
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collimation quality such that the X-ray dosage during the
digital X-ray scan can be minimized.

[0040] The optimal choice of positioning angle a re-
sults, according to invention, from a trade off between
emitted intensity and apparent focal spot size F'. The
intensity emitted under anode angle B, i. e. tangentially
o the anode surface, is considerably filtered and de-
creased, mainly owing to the surface roughness of the
anode material. The intensity strongly increases for de-
creasing positioning angles a<p and typically reaches
90% of its maximal value at o approximately equal to B/
2. On the other hand the apparent focal size equals
F'=F*sin(B-a)/sin(p) with F=actual focal spot size. F' is
minimal, or ideally zero, for a=p and increases with de-
creasing positioning angles a<p. Preferably the posi-
tioning angle shallbe chosen around a=p/2 for receiving
a high-intensity X-ray beam with focal spot size reduced
by a factor 2. Conventional X-ray tubes 2 have anode
target angles B between 12° and 16°. Gonsequently a
useful range of positioning angles is 4°<a<12°, pre-
ferred 6°<0<8°, and most preferably o=6° when p=12°
is assumed.

[0041] Forthe X-ray detector 14 a single- or multi-line
X-ray detector 14 with X-ray sensitive elements (not
shown) may be chosen. In particular the X-ray sensitive
elements or pixels comprise scintillator crystals and op-
tical detectors, that are connected to at least one A/D
converter and to a microcomputer 16 for serial readout.
By a careful choice of scintillators and detectors a high
sensitivity can be achieved. A single- or multi-linear ar-
ray is clearly superior to full image detectors that require
enormous parallel computing power for readout. In con-
trast the invention takes advantage of a fast serial pixel
readout that can be accomplished with commercially
available personal computers. The serial readout is re-
peated linewise during the scanning process. . '
In further embodiments the single-'or multi-line
X-ray detector 14 has means for timing control of the
single- or multi-line X-ray detector 14. The single- or
multi-line X-ray detector 14 has means for gain and/or
offset correction of analog signals from each pixel and/
or from the whole single- or multi-line X-ray detector 14.
With advantage the single- or multi-line X-ray detector
14 has a digital signal processor for detector control and
data acquisition and/or it has a digital memory for data
acquisition and data storage.

[0043] According to another embodiment the X-ray
dosage and scattering radiation during digital.X-ray
scanning can be further reduced by an adequate choice
of the geometrical beam parameters, such as apparent
focal spot size F' of the X-ray source 2, collimator slit
width y and distances d, between the X-ray source 2 (in
particular its apparent focus) and the X-ray detector 14,
d, between the X-ray collimator slit 3a and the X-ray de-
tector 14 and dy between the patient 5 and the X-ray
detector 14 (Fig. 5). The goals of an optimal parameter
choice are: (i) fan beam width at detector site < pixel
width (given by the width of the effective receiving area
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of the scintillator crystal); (ii) reduce half-shadow zones
to diminish radiation passing by the detector 14; thereby
the patient's X-ray exposure is further minimized; (iii)
provide sufficient absolute intensity; and (iv) small pa-
tient-detector distance d to reduce scattering from the
X-rayed object. Therefore a slit width y of the order of
or smaller than the width of the receiving area of the
scintillator crystal shall be chosen. The half-shadow
zones result from the finite apparent focal spot size F'
geometrically imaged through the collimator slit 3a. The
intensity side lobes extending laterally over more than
one pixel size are kept low by decreasing F', y and the
image distance d,. For providing enough absolute inten-
sity the slit width y must be large enough. Finally the
patient-detector distance d4 shall be short.

[0044] Advantageously the X-ray apparatus 1 is di-
mensioned for full or partial body digital X-ray imaging.
For this purpose and for a given pixel size (in particular
width of effective receiving area of scintillator crystal) of
0.4 mm preferred parameter ranges are: slit width 0.2
mm <y < 1.5 mm; overall distance 900 mm < d4 < 1450
mm; image distance 500 mm < d, < 700 mm; and pa-
tient-detector distance 10 mm < d; < 200 mm.

[0045] Fig. 1, 6 and 7 show the mechanical design
and modes of movability of the X-ray apparatus 1 as a
whole. The supporting arm 9 is adapted for carrying the
X-ray source 2, the X-ray collimator 3 and the detector
arrangement 17, according to invention, with the hous-
ing 10 comprising the X-ray detector 14. The supporting
arm 9 itself shall be suspended in a rotatable fashion
8a. The X-ray source 2 together with the X-ray collimator
3 and the detector housing 10- are tiltable with respect
to the supporting arm 9 in order to position the X-ray
source 2, the X-ray collimator 3 and the detector 14 for
X-raying a standing, sitting or lying patient 5.

[0046] Preferably the X-ray source 2 and/or the hous-
ing 10 for the X-ray detector 14 are movable along the
supporting arm 9 for selecting a distance dy between
the X-ray source 2 and the X-ray detector 14 or, in par-
ticular, a photographic film in a cassette holder 4 mount-
ed in the housing 10.

[0047] Fig. 6 shows an example whereinthe rotational
or swiveling movement 8a of the supporting arm 8 is
used to position and/or to scan the X-ray source 2 plus
collimator 3 and the detector arrangement 17 with re-
spect to the patient's body. The axis of rotation 8a may
be located at the X-ray source 2, as shown, or may be
shifted e.g. towards the patient 5. The transverse bar 9
in the middle position (A) (straight lines) is oriented hor-
izontally or vertically depending on whether the patient
5 is standing/sitting or lying. The bar 9 may also be ori-
ented under arbitrary angles relative to the patient 5.
The dashed lines indicate the extreme positions (B), (C)
of the swiveling movement 8a. Owing to the bar 9 the
detector arrangement 17 containing the detector 14
(with or without cassette holder 4) and the X-ray colli-
mator 3 travel coordinately on a circle segment. This
motion might also be achieved using separate mount-
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ings for the detector arrangement 17 and collimator 3.
Alternatively the detector arrangement 17 may be sus-
pended independently and be movable along a straight
line segment 27 and in coordination with the swiveling
movement of the X-ray collimator 3 and X-ray source 2
or possibly the scanning movement 8b, 27 of the car-
riage 11. The movements 8a, 8b and 27 shall again be
driven by at least one motor 7.

[0048] Fig. 7 shows an example wherein the support-
ing arm 9 has a suspension that is movable horizontally
27 for X-raying a lying patient 5. The detector arrange-
ment 17 is movable 27 underneath the patient's body 5.
In comparison, Fig. 1 shows a supporting arm 9 having
a suspension that is movable vertically 27 for X-raying
a standing or sitting patient 5. With advantage the sup-
porting arm 9 is rotatable by at least 90° in order to
switch between X-raying a standing or sitting and a lying
patient 5.

[0049] The versatile movability of the supporting arm
9 is helpful for a fast alignment of the X-ray apparatus
1 with respect to the patient 5. Furthermore, a rotation
8a of the supporting arm 9 can be used to support or
perform a swiveling movement 8d of the X-ray source 2
and/or of the detector arrangement 17. As well, a trans-
lation 27 of the supporting arm 9 can be used to support
or perform a linear movement 27 of the X-ray sotirce 2
and/or a scanning movement 8b of the detector 14.
[0050] In conclusion the invention discloses hovel
means 9-12, 7, 13, 15 for orienting or positioning X-ray
imaging means 14, 4 with respect to an X-ray source 2
in order to achieve an improved X-ray imaging quality.
Accordingto invention a reorientable X-ray scanning de-
tector 14, a reorientable combined scanning and photo-
graphic X-ray imaging means 14, 4 and means 9-12 for
animproved detector positioning are provided. Thus the
detection efficiency and image resolution are substan-
tially increased. The new detector arrangement 17 is
particularly useful for quick and efficient X-ray imaging
of large areas 5 using digital or complementary conven-
tional detection means 14, 4.

Claims

1. A digital X-ray scanning apparatus (1) comprising
an X-ray source (2), an X-ray collimator (3), an X-
ray detector (14), mounting means (9-11) for mount-
ing the X-ray detector (14), scanning means (12, 7)

:for scanning (8b, 27) the X-ray detector (14) over
an area (5), means (16) for digital data acquisition
from the X-ray detector (14) and a control unit (2c)
for steering the X-ray apparatus (1), the X-ray ap-
paratus (1) being designed for steering an orienting
movement (8c) of the X-ray detector (14) in coordi-
nation with the scanning movement (8b, 27) of the
X-ray detector (14) characterized in that

a) the mounting and scanning means (9-12, 7)
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comprise additional means (13, 15) for orient-
ing (8c) the X-ray detector (14) in at least one
dimension towards the X-ray source (2) during
a digital scanning procedure,

b) wherein the orienting movement (8c) and the
scanning movement (8b, 27) are independent
degrees of freedom of the X-ray detector (14)

2. The X-ray apparatus (1) according to claim 1, char-

acterized in that

a) the mounting and scanning means (9-12, 7)
comprise translational means (11, 12) for mov-
ing the X-ray detector (14) along a straight line
segment (8b, 27) or along a curved or circular
line segment and/or

b) the additional means (13, 15) comprise rota-
tional means (13, 15) for tilting (8c) the X-ray
detector (14) in order to maintain a constant as-
pect ratio of the X-ray detector (14) as viewed
from the X-ray source (2) and/or

c) the X-ray detector (14) is a single- or multi-
line digital X-ray detector (14).

3. The X-ray apparatus (1) according to claim 2, char-

acterized in that

a) the translational means (11) is a carriage (11)
that is movable in a direction perpendicular to
its lateral extension,

b) the rotational means (13) is a rotatable plate
(13) that is mounted on the carriage (11) and is
designed for receiving the X-ray detector (14),
and

¢) in particular that the rotatable plate (13) is
laterally extended for receiving an elongated
single-line digital X-ray detector (14) suitable
for partial or full body X-ray scanning (8a, 8b,
27).

4. The X-ray apparatus (1) according to one of the

claims 2-3, characterized in that

a) a housing (10) for receiving the translational
and rotational means (11, 13) is provided,
which housing (10) can be kept stationary dur-
ing the scanning movement (8b, 27) and

b) in particutar that the mounting and scanning
means (9-12, 7) comprise means (9, 7) for re-
positioning the housing (10) for different scan-
ning procedures.

5. The X-ray apparatus (1) accordingto one of the pre-

vious claims, characterized in that
a) means for swiveling (8d) the X-ray source (2)

and the collimator (3, 3a) in coordination with
the scanning movement (8b, 27) and orienting
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movement (8c) of the X-ray detector (14) are
provided and

b) in particular that a balanced suspension of
the X-ray source (2) and the collimator (3, 3a)
for a torque-free swiveling movement (8d) is
provided.

6. The X-ray apparatus (1) according to one of the pre-

vious claims, characterized in that

a) a motor drive unit (15) and mechanical cou-
plingmeans (23) are provided for synchronous-
ly driving the scanning movement (8b, 27) and
the orienting movement (8c) of the X-ray detec-
tor (14) and a translational or swiveling move-
ment (27; 8a, 8d) of the X-ray source (2) or

b) several motor drive units (15) and an electri-
cal control means (2c) for driving and synchro-
nizing the scanning movement (8b, 27) and the
orienting movement (8c) of the X-ray detector
(14) and a translational or swiveling movement
(27, Ba, 8d) of the X-ray source (2) are provided
and

c) in particular that sliding clutches are provided
between the at least one motor drive unit (15)
and moving parts (2, 3, 4, 9, 10) of the X-ray
apparatus (1).

A digital X-ray scanning apparatus (1) according to
one of the previous claims, comprising an X-ray
source (2), an X-ray collimator (3), an X-ray detector
(14), mounting means (9-11) for mounting the X-ray
detector (14), scanning means (12, 7) for scanning
(8b, 27) the X-ray detector {14) over an area (5),
means (16) for digital data acquisition from the X-
ray detector (14) and a controt unit (2c) for steering
the X-ray apparatus (1), wherein additional photo-
graphic X-ray imaging means (2, 3, 4) comprising a
cassette holder (4) for photographic films are pro-
vided, characterized in that

a) the mounting means (9-11) comprise a hous-
ing (10) that is designed for receiving the X-ray
detector (14) andthe cassette holder (4) in such
a way that the X-ray detector (14) and the pho-
tographic film are facing towards different side
faces of the housing (10) and

~~b)the mounting means (9-11) are designed for
performing a reorienting movement (8z) of the
housing (10) such that either the film cassette
(4) or the X-ray detector (14) is positioned for
X-ray imaging.

8. The X-ray apparatus (1) according to claim 7, char-

acterized in that

a) the housing (10) is adapted for receiving the
X-ray detector (14) on a front side (24) and the
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cassette holder (4) on a back side (25) and

b) the mounting means (9-11) has an axis (z)
for rotating the front side (24) or the back side
(25) of the housing (10) towards an X-ray
source (2).

The X-ray apparatus (1) according to one of the
claims 7-8, characterized in that

a) the same X-ray source (2) is used for both
digital and photographic X-ray imaging and/or
b) the X-ray collimator (3) is removable or a slit
(3a) is openable for photographic X-ray imag-
ing and/or

¢) the X-ray collimator (3) or the slit (3a) is
steered automatically, in particular by a sensor
indicating the presence of a photographic film
in the cassette holder (4) and/or by a switch in
the cassette holder (4) and/or by a sensor indi-
cating an orientation of the housing (10) for ei-
ther digital or photographic X-ray imaging and/
or by a manual switch and/or by means of soft-
ware.

A digital X-ray scanning apparatus (1) according to
one of the previous claims, comprising an X-ray
source {2), an X-ray collimator (3), an X-ray detector
(14), mounting means (9-11) for mounting the X-ray
detector (14), scanning means (12, 7) for scanning
(8b, 27) the X-ray detector (14) over an area (5),
means (186) for digital data acquisition from the X-
ray detector (14) and a control unit (2c) for steering
the X-ray apparatus (1), characterized in that the
mounting means (9-11) are designed such that the
X-ray detector (14) is held in a position shifted to-

wards.an anode side (2a) of the X-ray source (2) by

an angle o, wherein 0°<a<f with B=anode angle.

The X-ray apparatus (1) according to claim 10,
characterized in that

a) the positioning angle a.is chosen around /2,
b) in particular that 4°<a<12°, preferably a=6°
with p=12°.

The X-ray apparatus (1) according to one of the pre-
vious claims, characterized in that the X-ray colli-
mator (3) has an opening (3b) for photographic im-
aging and comprises at least one movable shutter
(19a) with a built-in collimator slit (3a) to provide a
precisely collimated beam (26a) for digital X-ray
scanning.

The X-ray apparatus (1) according to claim 12,
characterized in that

a) the X-ray collimator (3) comprises two pivot-
ed shutters (19a, 19b) and/or
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b) the X-ray collimator (3) comprises a turning
knob (18) to apen or close a shutter (19a, 19b)
and/or ‘

¢) a shutter (19a) has means (20) for adjusting
a position of the slit (3a) and/or a width y of the
slit (3a) in a range 0.2 mm <y <5 mm and/or
d) the X-ray collimator slit (3a) is positioned in
a fixed distance from the X-ray source (2).

The X-ray apparatus (1) according to one of the pre-
vious claims, characterized in that

a) the X-ray detector (14) is a single- or multi-
line X-ray detector (14) with X-ray sensitive el-
ements and

b) in particularthat the X-ray sensitive elements
comprise scintillator crystals and optical detec-
tors, that are connected to at least one A/D con-
verter and to a microcomputer (16) for serial re-
adout.

The X-ray apparatus (1) according to claim 14,
characterized in that the X-ray detector (14) has
means for gain and/or offset correction of analogue
signals from each X-ray sensitive element and/or
from the whole detector (14).

The X-ray apparatus (1) according to one of the pre-
vious claims, characterized in that B

a) the X-ray detector (14) has a digital signal
processor for detector control and data acqui-

sition and/or .

b) the X-ray detector (14) has a digital memory

for data acquisition and data storage. ‘

Feeean

The X-ray apparatus (1) according to one of the'pre-
vious claims, characterized in that for full or partial
body digital X-ray imaging distance ranges 900 mm
< d4 < 1450 mm, 500 mm < d; < 900 mm and 10
mm < dy < 200 mm are provided, where d,=distance
betweenthe X-ray source (2) and the X-ray detector
(14), do=distance between the X-ray collimator slit
(3a) and the X-ray detector (14) and da=distance
between the patient (5) and the X-ray detector (14).

The X-ray apparatus (1) according to one of the pre-
vious.claims, characterized in that

a) a supporting amm (9) for carrying the X-ray
source (2), the X-ray collimator (3) and a hous-
ing (10) for the detector (14) is provided and

b) the supporting arm (9) is rotatable and the
X-ray source (2) together with the X-ray colli-
mator (3) and the housing (10) for the detector
(14) are tiltable with respect to the supporting
am (9) in order to position the X-ray source (2),
the X-ray collimator (3) and the detector (14)
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for X-raying a standing, sitting or lying patient
(6).

The X-ray apparatus (1) according to claim 18,
characterized in that the X-ray source (2) and/or
the housing (10) for the X-ray detector (14) are mov-
able along the supporting arm (9) for selecting a dis-
tance d; between the X-ray source (2) and the X-
ray detector (14) or, in particular, a photographic film
in a cassette holder (4) contained in the housing
(10).

The X-ray apparaius (1) according to one of the
claims 18-19, characterized in that

a) the supporting am (9) has a suspension that
is movable horizontally (27) for X-raying a lying
patient and/or

b) the supporting arm (9) has a suspension that
is movable vertically (27) for X-raying a stand-
ing or sitting patient and/or

¢) the supporting arm (9) is rotatable by at least
90° in order to switch between X-raying a
standing or sitting and a lying patient (5).

Patentanspriiche

1.

2.

Eine digitale Rontgenstrahlungsabtastvorrichtung
(1) umfassend eine Rontgenstrahlungsquelle (2),
einen Rontgenstrahlungskollimator (3), einen Ront-
genstrahlungsdetektor (14), Befestigungsmittel
(9-11) zur Befestigung des Réntgenstrahlungsde-
tektors (14), Abtastmittel (12, 7) zur Abtastung (8b,
27) eines Bereichs (5)durch den Réntgenstrah-

- lungsdetektor (14), Mittel (16) zur digitalen, Daten-

erfassung von dem Roéntgenstrahlungsdetektor
(14) und eine Kontrolleinheit (2¢) zur Steuerung der
Réntgenstrahlungsvorrichtung (1), wobei die Rént-
genstrahlungsvorrichtung (1) ausgestaltet ist zur
Steuerung einer Ausrichtungsbewegung (8c) des
Rontgenstrahlungsdetektors (14) in Koordination
mit der Abtastbewegung (8b, 27) des Rontgen-
strahlungsdetektors (14), dadurch gekennzeich-
net, dass

a) die Befestigungs- und Abtastmittel (9-12, 7)
zusétzliche Mittel (13, -15):zur Ausrichtung (8c)
des Réntgenstrahlungsdetektors (14) in minde-
stens einer Dimension gegeniiber der Ront-
genstrahlungsquelle (2) wahrend des digitalen
Abtastverfahrens umfassen,

b) wobei die Ausrichtungsbewegung (8c) und
die Abtastbewegung (8b, 27) unabhéngige
Freiheitsgrade des Réntgenstrahlungsdetek-
tors (14)sind.

Die Réntgenstrahlungsvorrichtung (1) gemass An-
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spruch 1, dadurch gekennzeichnet, dass

a) die Befestigungs- und Abtastmittel (9-12, 7)
Translationsmittel (11, 12) zur Bewegung des
Réntgenstrahlungsdetektors (14) entlang einer
geraden Strecke (8b, 27) oder entlang einer ge-
bogenen oder kreisformigen Strecke aufwei-
sen, und/oder

b) die zusétzlichen Mittel (13, 15) Rotationsmit-
tel (13, 15) zum Neigen (Bc) des Réntgenstrah-
lungsdetektors (14) aufweisen, um ein kon-
stantes Langenverhaltnis aus Sicht der Rdnt-
genstrahlungsquelle (2) zu erhalten und/oder
c) der Réntgenstrahlungsdetektor (14) ein Ein-
zel- oder Mehrfachliniendigitalréntgenstrah-
lungsdetektor (14) ist.

8. Die Réntgenstrahlungsvorrichtung (1) geméss An-

spruch 2, dadurch gekennzeichnet, dass

a) das Translationsmittel (11) ein Wagen (11)
ist, welcher in einer Richtung senkrecht zu des-
sen lateralen Verlangerung bewegbar ist,

b) das Rotationsmittel (13) eine rotierbare Plat-
te (13) ist, welche auf dem Wagen (11) befestigt

ist und zum Tragen des Réntgenstrahlungsde- -

tektors (14) ausgestaltet ist, und

c) insbesondere dass die rotierbare Platte (13)
lateral verlangert ist zur Aufnahme eines ver-
ldngerten Einzelliniendigitalrontgenstrahlungs-
detektors (14), welcher fir eine teilweise oder
vollstédndige Kérperréntgenstrahlungsabta-
stung geeignet ist (8a, 8b, 27).

4. Die Réntgenstrahlungsvorrichtung (1) gemass ei-
. _nem der Anspriche 2-3, dadurch gekennzeich-

net, dass

a) ein Gehause (10) zur Aufnahme des Trans-

lations- und Rotationsmittels (11, 13) vorgese-

hen ist, wobei das Gehduse wdhrend der Ab-

tastbewegung (8b, 27) stationédr gehalten wer-

den kann und

b) insbesondere dass die Befestigungs- und

Abtastmittel (9-12, 7) Mittel (9, 7) zur Neuposi-

tionierung des Gehduses (10) fir unterschied-

liche Abtastverfahren umfassen.

Bord Eabwbtc

Die Rontgenstrahlungsvorrichtung (1) gemaéss ei-
nem der vorangehenden Anspriiche, dadurch ge-
kennzeichnet, dass

a) Mittel zum Drehen (8d) der Réntgenstrah-
lungsquelle (2) und des Kollimators (3, 3a) in
Koordination mit der Abtastbewegung (8b, 27)
und der Ausrichtungsbewegung (8b) des Ront-
genstrahlungsdetektors (14) vorgesehen sind
und
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b) insbesondere dass eine ausbalancierte Auf-
hdngung der Réntgenstrahlungsqueille (2) und
des Kollimators (3, 3a) zur drehmomentfreien
Drehbewegung (8d) vorgesehen ist.

6. Die Rontgenstrahlungsvorrichtung (1) geméass ei-

nem der vorangehenden Anspriiche, dadurch ge-
kennzeichnet, dass

a) eine Motorantriebseinheit (15) und ein me-
chanisches Kupplungsmittel (23) vorgesehen
sind zum synchronen Antrieb der Abtastbewe-
gung (8b, 27) und der Ausrichtungsbewegtung
(8c) des Roéntgenstrahlungsdetektors (14) und
einer Translational- oder Drehbewegung (27;
8a, 8d) der Rontgenstrahlungsquelle (2) oder
b) mehrere Motorantriebseinheiten (15) und ein
elektrisches Kontrollmittel (2c) zum Antrieb und
Synchronisierung der Abtastbewegung (8b,
27) und der Ausrichtungsbewegung (8c) des
Réntgenstrahlungsdetektors (14) und eine
Translational- oder Drehbewegung (27; 8a, 8d)
der Rontgenstrahlungsquelle (2) vorgesehen
sind und

c) insbesondere dass Rutschkupplungen zwi-
schen der mindestens einen Motorantriebsein-
heit (15) und den sich bewegenden Teilen (2,
3, 4, 9, 10) der Rontgenstrahlungsvorrichtung
(1) vorgesehen sind.

Eine digitale Réntgenstrahlungsabtastvorrichtung
(1) gemass einem der vorangehenden Anspriiche
umfassend eine Rontgenstrahlungsquelle (2), ei-
nen Rontgenstrahlungskollimator (3), einen Rént-
genstrahlungsdetektor (14), Befestigungsmittel
(9-11) zur Befestigung des Réntgenstrahlungsde-
tektors (14), Abtastmittel (12, 7) zur Abtastbewe-
gung (8b, 27) des Réntgenstrahlungsdetektors (14)
tiber einen Bereich (5), Mittel (16) zur digitalen Da-
tenerfassung von dem Réntgenstrahlungsdetektor
(14) und eine Kontrolleinheit (2c) zum Steuern der
Rontgenstrahlungsvorrichtung (1), wobei zusétzli-
che photographische Réntgenstrahlungsabbil-
dungsmittel (2, 3, 4) umfassend einen Kassetten-
halter (4) fur photographische Filme vorgesehen
sind, dadurch gekennzeichnet, dass

a) die Befestigungsmittel.(9-11) ein Gehéause
(10) umfassen, welches zur Aufnahme des
Rontgenstrahlungsdetektors (14) und des Kas-
setttenhalters (4) derart ausgestaltet ist, dass
der Rontgenstrahlungsdetektor (14) und der
photographische Film gegen unterschiedliche
Seitenflichen des Gehauses (10) gerichtet
sind und

b) die Befestigungsmittel (9-11) ausgestaltet
sind zur Ausfiihrung einer Neuausrichtungsbe-
wegung (8z) des Geh4uses (10), so dass ent-
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weder die Filmkassette {(4) oder der Réntgen-
strahlungsdetektor (14) fur eine Réntgenauf-
nahme positioniert ist.

8. Die Rontgenstrahlungsvorrichtung (1) gemass An-

spruch 7, dadurch gekennzeichnet, dass

a) das Gehause (10) angepasst ist zur Aufnah-
me des Rontgenstrahlungsdetektors (14) auf
einer Vorderseite (24) und des Kassettenhal-
ters (4) auf einer Ruckseite (25) und

b) das Befestigungsmittel (3-11) eine Achse (z)
zur Rotation der Vorderseite (24) oder der
Riickseite (25) des Gehauses (10) gegentiber
der Réntgenstrahlungsquelle (2) aufweist.

9. Die Rontgenstrahlungsvorrichtung (1) geméss ei-

nem der Anspriche 7-8, dadurch gekennzeich-
net, dass

a) dieselbe Rontgenstrahlungsquelle (2) ver-
wendet wird flir sowohl digitale als auch photo-
graphische Réntgenaufnahmen und/oder

b) der Réntgenstrahlungskollimator (3) entfern-
barist oder ein Schlitz (3a) flir photographische
Réntgenaufnahmen éffenbar ist und/oder’

c) der Rontgenstrahlungskollimator (3)" oder
der Schlitz (3a) automatisch gesteuert wird,
insbesondere durch einen Sensor welcher das
Vorhandensein eines photographischen Films
in dem Kassettenhalter (4) und/oder durch ei-
nen Schalter in dem Kassettenhalter (4) und/
oder durch einen Sensor welcher eine Ausrich-
tung des Gehauses (10) fir entweder digitale
oder photographische Aufnahmen und/oder
durch eine manuelle Schaltung und/oder;durch
Software. -

10. Eine digitale Réntgenstrahlungsabtastvorrichtung

(1) geméss einem der vorangehenden Anspriiche
umfassend eine Rontgenstrahlungsquelle (2), ei-
nen Réntgenstrahlungskollimator (3), einen Rént-
genstrahlungsdetektor (14), Befestigungsmittel
(9-11) zur Befestigung des Réntgenstrahiungsde-
tektors (14), Abtastmittel (12, 7) zur Abtastbewe-
gung (8b, 27) des Rontgenstrahlungsdetektors (14)
Uber einen Bereich (5), Mittel (16) zur digitalen Da-

tenerfassung von dem Réntgenstrahlungsdetektor. ...

(14) und eine Kontrolleinheit {2¢) zur Steuerung der
Rontgenstrahlungsvorrichtung (1), dadurch ge-
kennzeichnet, dass die Befestigungsmittel (9-11)
derart ausgestaltet sind, dass der Rontgenstrah-
lungsdetektor (14) in einer gegentiber einer An-
odenseite (2a) der Réntgenstrahlungsquelle (2) um
den Winkel a verschobenen Stellung gehalten wird,
wobei 0°< o < B mit f=Anodenwinkel.

11. Die Rontgenstrahlungsvorrichtung (1) gemass An-



BNSDOCID: <EP

12.

13.

14.

15.

21 EP 1 189 537 B1 22

spruch 10, dadurch gekennzeichnet, dass

a) der Positionierungswinkel o um etwa /2 ge-
waéhlt wird,

b) insbesondere dass 4°< . < 12°, vorzugswei-
se a=6° mit f=12°.

Die Roéntgenstrahlungsvorrichtung (1) gemass ei-
nem der vorangehenden Anspriiche, dadurch ge-
kennzeichnet, dass der Rontgenstrahlungskolli-
mator (3) eine Offnung (3b) fiir photographische
Aufnahmen aufweist, und mindestens einen be-
wegbaren Verschiuss (19a) mit einem eingebauten
Kollimatorschlitz (3a) umfasst, um einen prazisen,
gerichteten Strahl (26a) fur die digitale Rontgen-
strahlungsabtastung zu gewahrleisten.

Die Réntgenstrahlungsvorrichtung (1) geméss An-
spruch 12, dadurch gekennzeichnet, dass

a) der Réntgenstrahlungskollimator (3) zwei
drehbare Verschliisse aufweist (19a, 19b) und/
oder

b) der Rdntgenstrahlungskollimator (3) einen
Drehknopf (18) umfasst um einen Verschluss
(19a, 19b) zu éffnen und zu schliessen und/
oder

¢) ein Verschluss (19a) Mittel (20) zur Einstel-
lung einer Position des Schiitzes (3a) und/oder
einer Breite y des Schlitzes (3a) in einem Be-
reich von 0.2 mm <y < 5 mm aufweist und/oder
d) der Réntgenstrahlungskollimatorschlitz (3a)
in einer festen Distanz zur Rdntgenstrahlungs-
quelle (2) positioniert ist.

-Die Réntgenstrahlungsvorrichtung (1) gemass. ei-

nem der vorangehenden Anspriiche, dadurch ge-
kennzeichnet, dass

a) der Réntgenstrahlungsdetektor (14) ein Ein-
zel- oder Multilinienréntgenstrahlungsdetektor
mit réntgenstrahlungsempfindlichen Elemen-
ten ist und

b) insbesondere dass die réntgenstrahlungs-
empfindlichen Elemente Scintillatorkristalle
und optische Detektoren umfassen, welche mit
mindestens einem A/D-Konverter und mit ei-
nem Mikrocomputer (16) .zur seriellen Able-
sung verbunden sind.

Die Rontgenstrahlungsvorrichtung (1) geméass An-
spruch 14, dadurch gekennzeichnet, dass der
Rdéntgenstrahlungsdetektor (14) Mittel zur Verstar-
kungskorrektur und/oder Offsetkorrektur von analo-
gen Signalen von jedem der réntgenstrahlungs-
empfindlichen Elemente und/oder vom ganzen De-
tektor (14) aufweist.
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16.

17.

18.

19.

20.

Die Rontgenstrahlungsvorrichtung (1) geméss ei-
nem der vorangehenden Anspriche, dadurch ge-
kennzeichnet, dass

a) der Rontgenstrahlungsdetektor (14) einen
digitalen Signalprozessor flr die Detektorkon-
trolle und Datenerfassung aufweist

und/oder

b) der Rdntgenstrahlungsdetektor (14) einen
Digitalspeicher zur Datenerfassung und Daten-
speicherung aufweist.

Die Réntgenstrahlungsvorrichtung (1) geméass ei-
nem der vorangehenden Anspriiche, dadurch ge-
kennzeichnet, dass fiir vollstindige oder teilweise
Kérperdigitalrontgenstrahlungsaufnahmen, Di-
stanzbereiche von 800 mm < dy < 1450 mm, 500
mm < dy < 900 mm und 10 mm < d3 < 200 mm vor-
gesehen sind, wobei di=Distanz zwischen der
Réntgenstrahlungsquelle (2) und dem Rontgen-
strahlungsdetektor (14}, d,=Distanz zwischen dem
Réntgenstrahlungskollimatorschlitz (3a) und dem
Réntgenstrahlungsdetektor (14) und dy=Distanz
zwischen dem Patienten (5) und dem Rdntgen-
strahlungsdetektor (14).

Die Réntgenstrahlungsvorrichtung (1) geméss ei-
nem der vorangehenden Anspriche, dadurch ge-
kennzeichnet, dass

a) ein Stitzarm (9) zum Tragen der Réntgen-
strahlungsvorrichtung (2), des Rdntgenstrah-
lungskollimators (3) und eines Geh&uses (10)
far den Detektor (14) vorgesehen sind und

b) der Stiitzarm (9) rotierbar ist und die Rént-

genstrahlungsquelle (2) zusammen mit dem .

Réntgenstrahlungskollimator (3) und dem Ge-
h&use fir den Detektor (14) mit bezug auf den
Stlitzarm (9) neigbar sind, um die Rontgen-
strahlungsquelle (2), den Rontgenstrahlungs-
kollimator (3) und den Detektor (14) zum Ront-
gen eines stehenden, sitzenden oder liegen-
den Patienten (5) zu positionieren.

Die Rontgenstrahlungsvorrichtung (1) geméss An-
spruch 18, dadurch gekennzeichnet, dass die
Réntgenstrahlungsquelle (2) und/oder das Gehau-
se (10) fiir den Réntgenstrahlungsdetektor (14) ent-
lang des Stiitzarms (9) bewegbar sind, um eine Di-
stanz d, zwischen der Rdntgenstrahlungsquelle (3)
und dem Réntgenstrahlungsdetektor (14) oder, ins-
besondere, einem photograhpischen Film in einem
Kassettenhalter (4) welcher in einem Gehause (10)
enthalten ist, auszuwahlen.

Die Réntgenstrahlungsvorrichtung (20) geméss ei-
nem der Anspriiche 18-19, dadurch gekennzeich-
net, dass
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a) der Stitzarm (9) eine Aufhdngung aufweist,
welche horizontal (27) bewegbar ist zum Rént-
gen eines liegenden Patienten und/oder

b) der Stutzarm (9) eine Aufhdngung aufweist,
welche vertikal (27) bewegbar ist zum Réntgen
eines stehenden oder sitzenden Patienten und/
oder

c) der Stiitzarm (9) um mindestens 90° rotier-
bar ist, um zwischen dem Réntgen eines ste-
henden oder sitzenden und eines liegenden
Patienten (5) zu wechseln.

Revendications

Appareil de radiographie a balayage numérisé (1)
comprenant une source de rayons X (2), un colli-
mateur de rayons X (3), un détecteur de rayons X
(14), des moyens de montage (9-11) destinés au
montage du détecteur de rayons X (14), des
moyens de balayage (12, 7) destinés au balayage
{(8b, 27) du détecteur de rayons X (14) sur une zone
{5), un moyen (16) destiné a lacquisition de don-
nées numériques en provenance du détecteur de
rayons X (14), et une unité de contréle (2c) destinée
a diriger I'appareil de radiographie (1), l'appareil de
radiographie (1) étant congu pour diriger un mou-
vement d'orientation (8¢c) du détecteur de rayons X
{(14) en coordination avec le mouvement de balaya-
ge (8b, 27) du détecteur de rayons X (14), carac-
térisé en ce que

a) les moyens de montage et de balayage
(9-12, 7) comprennent des moyens addition-
nels (13, 15) destinés a l'orientation (8c) du dé-
tecteur de rayons X (14) dans au moins une di-
mension vers la source de rayons X (2) au
cours d'une procédure de balayage numérisé,

b) dans lequel le mouvement d'orientation (8c)
et le mouvement de balayage (8b, 27) sont des
degrés de liberté indépendants du détecteur de
rayons X (14).

2. Appareil de radiographie (1) selon la revendication

1, caractérisé en ce que

a) les moyens de montage et de balayage
(9-12, 7) comprennent des moyens de transla-
tion (11, 12) destinés au déplacement du dé-
tecteur de rayons X (14) le long d'un segment
de ligne droite (8b, 27) ou le long d'un segment
de ligne courbe ou circulaire, et/ou

b) les moyens additionnels (13, 15) compren-
nent des moyens de rotation (13, 15) destinés
a l'inclinaison (8c) du détecteur de rayons X
(14) afin de maintenir un rapport de cétés cons-
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tant du détecteur de rayons X (14) tel qu'il est
vu depuis la source de rayons X (2), et/ou

c) le détecteur de rayons X (14) est un détec-
teur de rayons X (14) numérisé simple ou multi
ligne.

3. Appareil de radiographie (1) selon la revendication

2, caractérisé en ce que

a) le moyen de translation (11) est un chariot
(11) mobile selon une direction perpendiculaire
a son extension latérale,

b) le moyen de rotation (13) est une plaque
tournante (13) montée sur le chariot (11) etcon-
gue pourrecevoir le détecteur de rayons X (14),
et

c) en particulier, la plague tournante (13)
s'étend latéralement pour recevoir un détecteur
derayons X (14) numérisé allongé en ligne sim-
ple, adaptable au balayage radiographique cor-
porel partiel ou complet (8a, 8b, 27).

4. Appareil de radiographie (1) selon l'une des féven-

dications 2 a 3, caractérisé en ce que

a) un logement (10) destiné a recevoir les
moyens de rotation et de translation (11, 13) est
proposé, lequel logement (10) peut étre main-
tenu fixe au cours du mouvement de balayage
(8b, 27), et #

b) en particulier, les moyens de montage et de
balayage (9-12, 7) comprennent des moyens
(9, 7) destinés au repositionnement du ‘loge-
ment (10) pour différentes procédures de ba-
layage.

5. Appareil de radiographie (1) selon 'une des reven-

dications précédentes, caractérisé en ce que

a) des moyens destinés au pivotement (8d) de
la source de rayons X (2) et du collimateur (3,
3a) en coordination avec le mouvement de ba-
layage (8b, 27) et le mouvement d'orientation
(8¢) du détecteur de rayons X (14) sont propo-
sés, et

b) en particulier, une suspension équilibrée de
la source de rayons X (2) et du collimateur (3,
3a), destinée a un mouvement de pivotement
libre de torsion, (8d) est proposée.

6. Appareil de radiographie (1) selon I'une des reven-

dications précédentes, caractérisé en ce que
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a) une unité d'entrainement moteur (15) et un
moyen de couplage mécanique (23) sont pro-
posés pour entrainer de maniére synchronisée
le mouvement de balayage (8b, 27) et ie mou-
vement d'orientation (8c) du détecteur de
rayons X (14) ainsi qu'un mouvement de trans-
lation ou de pivotement (27 ; 8a, 8d) de la sour-
ce de rayons X (2), ou bien

b) plusieurs unités d'entrainement moteur (15)
et un moyen de contrdle électrique (2¢) sont
proposés pour entrainer et synchroniser le
mouvement de balayage (8b, 27) et le mouve-
ment d'orientation (8c) du détecteur de rayons
X (14) ainsi qu'un mouvement de translation ou
de pivotement (27 ; 8a, 8d) de la source de
rayons X (2), et

c) en particulier, des embrayages de coulisse-
ment sont proposés entre au moins l'une des
unités d'entrainement moteur (15) et les parties
mobiles (2, 3, 4, 9, 10) de I'appareil de radio-
graphie (1).

7. Appareil de radiographie a balayage numérisé (1)

selon l'une des revendications précédentes, com-
prenant une source de rayons X (2), un collimateur
de rayons X (3), un détecteur de rayons X (14), des
moyens de montage (9-11) destinés au montage du
détecteur de rayons X (14), des moyens de balaya-
ge (12, 7) destinés au balayage (8b, 27) du détec-
teur de rayons X (14) sur une zone (5), un moyen
(16) destiné a I'acquisition de données numériques
en provenance du détecteur de rayons X (14), et
une unité de contréle (2¢) destinée a diriger I'appa-
reil. de.radiographie (1), dans lequel sont proposés
des moyens d'imagerie radiophotographique (2, 3,
4) additionnels comprenant un support de cassette
(4) pour films photographiques, caractérisé en ce
que

a) les moyens de montage (9-11) comprennent
un logement (10) congu pour recevoir le détec-
teur de rayons X (14) et le support de cassette
(4) de telle maniére que le détecteur de rayons
X (14) et le film photographique se trouvent en
face de différentes faces latérales du logement
(1 O), et RS R

b) les moyens de montage (9-11) sont congus
pour exécuter un mouvement de réorientation
(8z) du logement (10) de fagcon a ce que, soit
la cassette pour film (4), soit le détecteur de
rayons X (14), se trouvent positionnés pour la
radiographie.

8. Appareil de radiographie (1) selon la revendication

7, caractérisé en ce que
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9.

a) le logement (10) est adapté pour recevoir le
détecteur de rayons X (14) sur un c6té avant
(24, et le support de cassette (4) sur un coté
arriére (25), et

b) les moyens de montage (9-11) comportent
un axe (z) destiné a la rotation du cété avant
(24) ou du cbté arriere (25) du logement (10)
vers une source de rayons X (2).

Appareil de radiographie (1) selon l'une des reven-
dications 7 a 8, caractérisé en ce que

a) la méme source de rayons X (2) est utilisée
a la fois pour la radiographie numérisée et la
radiophotographie, et/ou

b} le collimateur de rayons X (3) est démonta-
ble, ou bien une fente (3a) peut étre ouverte
pour la radiophotographie, et/ou

c) le collimateur de rayons X (3) ou lafente (3a)
sont automatiquement dirigés, en particulier a
I'aide d'un capteur indiquant la présence d'un
film photographique dans le support de casset-
te (4), et/ou d'un commutateur dans le support
de cassette (4), et/ou d'un capteur indiquant
une orientation du logement (10) soit pour la
radiographie numérisée, soit pour la radiopho-
tographie, et/ou d'un commutateur manuel, et/
ou d'un moyen logiciel.

10. Appareil de radiographie a balayage numérisé (1)

1.

selon l'une des revendications précédentes, com-
prenant une source de rayons X (2), un collimateur
de rayons X (3), un détecteur de rayons X (14), des
moyens de montage (S-11) destinés au montage du
détecteur de rayons X (14), des moyens de balaya-
ge (12, 7) destinés au balayage (8b, 27) du détec-
teur de rayons X (14) sur une zone (5), un moyen
(16) destiné & l'acquisition de données numériques
en provenance du détecteur de rayons X (14), et
une unité de contréle (2c) destinée a diriger l'appa-
reil de radiographie (1), caractérisé en ce que les
moyens de montage (9-11) sont congus de fagon a
ce que le détecteur de rayons X (14) soit maintenu
en position décalée vers un autre coté (2a) de la

source de rayons X (2) d'un angle o, dans lequei.. .....

0°<a<B, P étant 'angle de 'anode.

Appareil de radiographie (1) selon la revendication
10, caractérisé en ce que

a) l'angle de positionnement o est choisi autour
de /2,

b) en particulier, 4°<a<12°, de préférence a=6°
avec f=12°.

\Q
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Appareil de radiographie (1) selon l'une des reven-
dications précédentes, caractérisé en ce que le
collimateur de rayons X (3) comporte une ouverture
(3b) destinée a la photographie, et comprend au
moins un obturateur mobile (19a) avec une fente de
collimateur intégrée (3a) afin de proposer un fais-
ceau collimaté (26a) avec précision pour le balaya-
ge radiographique numérisé.

Appareil de radiographie (1) selon la revendication
12, caractérisé en ce que

a) le collimateur de rayons X (3) comprend
deux obturateurs pivotants (19a, 19b), et/ou

b) le collimateur de rayons X (3) comprend un
bouton tournant (18) pour ouvrir ou fermer un
obturateur (19a, 19b), et/ou

¢) un obturateur (19a) comporte un moyen (20)
pour ajuster une position de la fente (3a) et/ou
une largeur y de ia fente (3a) dans la plage 0,2
mm <y £5 mm, et/ou

d) la fente du collimateur de rayons X (3a) est
positionnée a distance fixe de la source de
rayons X (2).

Appareil de radiographie (1) selon {'une des reven-
dications précédentes, caractérisé en ce que

a) le détecteur de rayons X (14) est un détec-
teur de rayons X (14) simple ou multiligne doté
d'éléments sensibles aux rayons X, et

b) en particulier, les éléments sensibles aux
rayons X comprennent des cristaux de scintilla-
tion et des détecteurs optiques, connectés a au
moins un convertisseur analogique numérique
et & un microprocesseur (16) pour une lecture
série.

Appareil de radiographie (1) selon la revendication
14, caractérisé en ce que le détecteur de rayons
X (14) comporte un moyen destiné au gain et/ou a
la correction de compensation des signaux analo-
giques provenant de chaque élément sensible aux
rayons X et/ou de I'ensemble du détecteur (14).-.

Appareil de radiographie (1) selon l'une des reven-
dications précédentes, caractérisé en ce que

a) le détecteur de rayons X (14) comporte un
processeur de signal numérique destiné au
contréle du détecteur et & I'acquisition des don-
nées, et/ou

b) le détecteur de rayons X (14) comporte une
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mémoire numérique destinée a l'acquisition
des données et au stockage des données.

Appareil de radiographie (1) selon l'une des reven-
dications précédentes, caractérisé en ce que sont
proposées des distances pour la radiographie cor-
porelle partielle ou compléte se situant dans les pla-
ges 900 mm < dy < 1450 mm, 500 mm < d, < 900
mm, et 10mm < d3 < 200 mm, ol d, est la distance
entre la source de rayons X (2) et le détecteur de
rayons X (14), d, est la distance entre la fente du
collimateur de rayons X (3a) et le détecteur de
rayons X (14), et d, est la distance entre le patient
(5) et le détecteur de rayons X (14).

Appareil de radiographie (1) selon 'une des reven-
dications précédentes, caractérisé en ce que

a) un bras de support (9) destiné au transport
de la source de rayons X (2), du collimateur de
rayons X (3), et d'un logement (10) pour le dé-
tecteur (14), est proposé, et

b) le bras de support (9) est entrainable en ro-
tation, et ia source de rayons X (2) en méme
temps que le collimateur de rayons X (3yet le
logement (10) pour le détecteur (14) peuvent
étre inclinés par rapport au bras de suppaort (9),
afin de positionner la source de rayons X (2),
le collimateur de rayons X (3), et le détecteur
(14), en vue de radiographier un patient (5) de-
bout, assis, ou allongé.
Appareil de radiographie a balayage numérisé (1)
selon la revendication 18, caractérisé en ce que
la source de rayons X (2) et/ou le logementi(10)
pour le détecteur de rayons X (14) peuvent étre dé-
placés le long du bras de support (9) pour choisir
une distance dy entre la source de rayons X (2) et
le détecteur de rayons X (14), ou, en particulier, un
film photographique dans un support de cassette
(4) contenu dans le logement (10).

Appareil de radiographie (1) selon l'une des reven-
dications 18 & 19, caractérisé en ce que

a) le bras de support (9) comporte une suspen-
sion qui peut étre déplacée horizontalement
(27) pour radiographier un patient allongé, et/
ou

b) le bras de support (9) comporte une suspen-
sion qui peut étre déplacée verticalement (27)
pour radiographier un.patient debout ou assis,
et/ou

c) le bras de support (9) peut tourner d'au moins
90° afin de commuter entre radiographier un
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patient (5) debout ou assis, et un patient (5) al-
longé.
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