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(54) X-RAY SCANNING CONTROL SYSTEM

(57) X-ray scanning system comprising a plurality of
emitters and at least one receiver arranged opposite
each other where only one emitter can be emitting at a
certain time and so on until the exposure is performed,
wherein each X-ray emitter comprises an anode (A) con-
nected to a single power source (Aps) as well as a grid
(G) and a cathode (K), where connected to each cathode
there is at least one controller (CLR1) that controls the

anode current (IA) and where each controller (CLR1)
comprises a comparator (COMP) that has as reference
the current demand of the anode (DIA), and the feedback
of the comparator (COMP) is the actual anode current
(IA). This allows avoiding the calibration of the cathode
current demand value, maintaining the precision state in
all X-ray emitters and shortening the activation and de-
activation transition times.
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Description

OBJECT OF THE INVENTION

[0001] The present invention, as the title of the inven-
tion indicates, relates to an X-ray scanning control sys-
tem composed of a multiplicity of emitters and at least
one X-ray receiver arranged in such a way that an object
is placed between the multiplicity of emitters and the at
least one receiver to take an image thereof, where only
one emitter can be emitting at a given instant in order not
to distort the image obtained, so that once the emission
by one X-ray emitter has been made and completed, the
emission by another emitter begins, and the next emis-
sion does not begin until the previous emission is com-
pleted or deactivated.
[0002] The present invention is characterised by the
special design and configuration of each and every one
of the elements that are part of the scanning system, and
particularly of the activation and deactivation system of
each one of the X-ray emitters, in order to increase the
scanning speed.
[0003] By means of the control system, 3D scans
and/or tomosynthesis or any other type of scan can be
performed.
[0004] Therefore, the present invention belongs to the
field of control means, and particularly those used by X-
ray machines.

BACKGROUND OF THE INVENTION

[0005] X-ray images are one of the most commonly
used techniques for visualizing the internal structures of
an object and are used in a variety of applications, such
as health care, security control, non-destructive testing,
etc. One of the known limitations of flat 2D images is that
there is structural noise in the image caused by the over-
lap of several objects (or tissues in the case of medical
images) in the X-ray beam. To avoid this effect, several
techniques (such as computed tomography and tomo-
synthesis) are used to create 3D or multi-slice images of
the object.
[0006] These methods require repetitive imaging of the
object of interest from a variety of angles, typically rang-
ing from 15° (in the case of tomosynthesis) to 360° (in
the case of computed tomography). Typically, this variety
is achieved by the rotation (or other geometrical shifting)
of an X-ray source around the object with a cyclic imaging
process repeatedly for subsequent processing and re-
construction of 3D or multi-slice images.
[0007] The invention disclosed herein is based on an-
other principle: the use of multiple X-ray sources, posi-
tioned in a predefined way, with a rapid change between
them to obtain the predefined number of images and sub-
sequent processing thereof for the reconstruction of 3D
or multi-slice images.
[0008] To make this type of 3D or multi-slice images,
a very rapid switch between multiple X-ray sources is

required, typically in the range of 5 ms to 15 ms. This is
usually done using cold-cathode X-ray tubes, which typ-
ically comprise an anode, a cathode and an emission
control grid.
[0009] In addition, and in a complementary manner,
the scanning system faces several problems inherent to
the physics of the X-ray emitter:

• The positive bias voltage of the grid with respect to
the cathode is several kV (between 0.5kV and 10kV)
and must be controlled from the ground level.

• The high voltage power supply that feeds the anode
is in the order of 20KV-180 KV, and also has to be
referred to the ground to be able to measure the an-
ode current quickly, easily and safely.

[0010] A first solution of the prior art is shown in figures
1 to 5.
[0011] Figure 1 shows a series of X-ray emitter-receiv-
er sets where all of them share a same power supply
(Aps) attached to each of the anodes (A) and where all
the grids (G) are connected to the ground, while the cath-
odes (K) each have a current controller and a power sup-
ply of several kV; therefore, there are as many current
controllers and power supplies (Gps) as there are emit-
ter-receiver sets (1,2,...,100).
[0012] Figure 1 shows that this solution consists of ar-
ranging all the grids connected to ground, so that as many
current controllers and power supplies as there are pairs
of emitter-receivers are needed.
[0013] The way to do this is by directly controlling the
cathode current (IK) with a cathode current demand value
(DIK), which has been pre-calibrated in a separate proc-
ess, which in turn will control the anode current (IA), which
is the one that produces the X-ray emission.
[0014] Figure 2 shows the block diagram of this prior
art embodiment can be seen. Where a cathode current
demand value (DIK) obtained by a previous calibration
process is used to obtain the desired value of the anode
current (IA), said cathode current demand value (DIK)
being used as the reference for a controller (CLR1). The
output of the controller (CLR1) attacks the gate of a high
voltage transistor (Q1) (Mosfet or IGBT), which controls
the cathode current (IK), according to the current demand
value (DIK) at its input. The controller (CLR1) uses the
cathode current (IK) as the feedback value for the tran-
sistor gate current control (Q1).
[0015] The controller (CLR1) will preferably be of the
integrator type, but could be of another similar type.
[0016] In Figure 3 a very determining factor is repre-
sented in detail that must be taken into account. This
determining factor is the parasitic capacity between the
grid and the cathode (CGK) of the X-ray tube. This ca-
pacity has a typical value between 15pF and 30pF; al-
though this would appear to be a practically negligible
value, as it has to be charged typically between 0.5kV
and 10kV and in a typical time between 5ms to 15ms, it
requires a constant load current of 10mA-100mA. Con-
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sidering that the typical maximum value of the anode
current (IA) is 100mA, the value of said parasitic capacity
is not negligible at all.
[0017] Figure 3 also shows how a large part of the cath-
ode current (IK) is the current (IC) that is derived to charge
the parasitic capacity between the grid and the cathode
(CGK), stealing current from the grid (IG) and therefore
causing the anode to also emit a lower anode current (IA).
[0018] Figure 4 shows how the controller (CLR1) per-
fectly controls the cathode current (IK), with a transition
time of 5ms, as required by the 3D scanner.
[0019] However, in Figure 5 we see what happens with
the anode current (IA) due to the effect of the parasitic
capacity between the grid and the cathode (CGK).
[0020] The anode current (IA) rise or activation transi-
tion time is slower than expected, because some of the
grid current (IG) has been derived to the parasitic capac-
ity between the grid and the cathode (CGK). Until the
parasitic capacity between the grid and the cathode
(CGK) has been fully charged, the expected anode cur-
rent (IA) value will not be reached, which makes the ac-
tivation transition time substantially longer than expect-
ed.
[0021] On the other hand, the fall transition time or de-
activation time is the expected time of 5-15ms, because
it is the response time of the controller (CLR1) with the
transistor (Q1), which directly cuts the total current of the
circuit, including the anode current (IA).
[0022] This realization inherently presents four impor-
tant problems:

1. The necessary calibration of the individual current
demand value (DIK) for each of the multiple X-ray
emitters that make up the 3D scanner.
2. Maintaining the state of accuracy in each and eve-
ry one of the X-ray emitters, regardless of their deg-
radation due to the mode and time of use.
3. Shortening the activation transition time or rise
time of the anode current (IA), due to the parasitic
capacity between grid and cathode (CGK).
4. Shortening the transient deactivation time or fall
time of the anode current (IA), due to the response
time of the controller (CLR1).

[0023] Therefore, the object of the present invention is
to develop an X-ray scanning control system which over-
comes the problems described above by means of a
scanning control system such as the one described be-
low, the essence of which is contained in claim 1.
[0024] Another solution is shown in figure 6 and con-
sists of connecting all the grids to the positive terminal
of a single power supply while the negative terminal of
said power supply is connected to ground, so there would
only be as many independent current controllers as pairs
of emitters-receivers, with only a single power supply for
all of them.

DESCRIPTION OF THE INVENTION

[0025] The object of the present invention is essentially
contained in the independent claim and the different em-
bodiments are contained in the dependent claims.
[0026] The object of the present invention is the control
of an X-ray scanning system by means of the direct con-
trol of the anode current through the grid control, which
comprises a plurality of emitters and at least one receiver
arranged opposite each other and where only one emitter
can be emitting at a certain moment, that is, once the
emission by one X-ray emitter has been made and com-
pleted, the emission by another emitter begins, and until
said emission ends or is deactivated the next emission
will not begin.
[0027] By means of the control system, 3D scans
and/or tomosynthesis or any other type of scan can be
performed.
[0028] The geometry adopted by the plurality of emit-
ters and the at least one receiver may be any of the known
ones, and is in no case limiting, such that the object to
be scanned is located between the plurality of emitters
and the at least one receiver.
[0029] In short, it is a scanning system with multiple X-
ray emitting sources, where the geometry in which the
multiple emitting sources are arranged is not limiting.
[0030] For this reason, the emission time of each emit-
ter must be extremely short, in the order of 5ms-15ms.
Likewise, the activation and deactivation transition times
of the emitters must be as short as possible, always less
than 5ms. To do this, the quickest and most efficient way
is to use a linear controller of the grid current, which in
turn is controlled and corrected by the real-time meas-
urement of the anode current.
[0031] The solution proposed in the present invention
is to connect all the grids to the positive terminal of a
single power supply while the negative terminal of said
power supply is grounded, so there would be as many
independent current controllers as there are pairs of
transmitters-receivers, but only a single power supply.
[0032] Furthermore, the main idea of the invention is
to directly control the anode current instead of the cath-
ode current to avoid the deleterious effects described
above.
[0033] To this end, the control system has a controller
that has as reference the current demand of the anode,
which produces the emission of X-rays, while the feed-
back of the controller is the actual current of the anode.
This control avoids the need to calibrate the current de-
mand of the cathode based on the current of the anode.
[0034] The controller avoids the need to recalibrate the
emitters due to degradation thereof due to the type and
time of use, by keeping each and every one of the emitters
in perfect state of precision at all times due to the closed
loop control.
[0035] The controller is preferably of the PID type, but
another type of control could be applied.
[0036] The integral part of the controller corrects errors
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and adjusts the accuracy of the anode current (IA), while
the differential part makes the charge of the parasitic ca-
pacity between the grid and the cathode faster, consid-
erably improving the activation transition time or rise time.
[0037] Additionally, in order to improve the speed of
the activation and deactivation times, the deactivation
times or fall times are reduced by a signal applied to a
buffer causing the gate of the control transistor to be
short-circuited, without having to wait for the response
of the CLR1 controller.
[0038] Moreover, complementarily and additionally the
CLR1 controller may apply an overcurrent during the rise
time of the cathode current, to rapidly charge the parasitic
capacity between the grid and the cathode. That over-
current ceases when the CGK capacitor is fully charged
and in steady state.
[0039] The means described above achieves:

- Avoiding the necessary calibration of the individual
cathode current demand value (DIK) for each of the
multiple X-ray emitters.

- Maintaining the state of accuracy in each and every
X-ray emitter.

- Shortening the activation transition time or rise time.
- Shortening the deactivation transition time and thus

considerably reducing the scanning time on the order
of 25% relative to the time required for a current con-
troller without means of shortening the activation and
deactivation times.

[0040] Unless indicated otherwise, all the technical
and scientific elements used in this specification have
the meaning usually understood by a person skilled in
the art to which this invention belongs. In the practice of
this invention, methods and materials similar or equiva-
lent to those described in the specification may be used.
[0041] In the description and claims, the word "com-
prises" and its variants do not intend to exclude other
technical characteristics, additives, components or
steps. For persons skilled in the art, other objects, ad-
vantages and characteristics of the invention will be partly
inferred from the description and partly from the practice
of the invention.

EXPLANATION OF THE FIGURES

[0042] To complement the present description, and to
help to better understand the characteristics of the inven-
tion according to a preferred practical embodiment there-
of, the said description is accompanied, as an integral
part thereof, by a set of drawings where the following has
been represented in an illustrative and non-limiting man-
ner:

Figure 1 shows an embodiment of the prior art in
which the grid is grounded, requiring as many power
supplies and current controllers as there are emitter-
receiver pairs.

Figure 2 shows the block diagram of the cathode
current control (IK) of the prior art embodiment
shown in figure 1.

Figure 3 shows in detail the parasitic capacity be-
tween the grid and the cathode (CGK) of the X-ray
tube.

Figure 4 shows the graph of the cathode current (IK)
and how the controller (CLR1), perfectly controls the
cathode current (IK).

Figure 5 shows the graph of the anode current (IA)
with respect to time and how the time required to
reach a desired value is increased due to the effect
of the parasitic capacity between the grid and the
cathode (CGK).

Figure 6 shows the proposed embodiment according
to the invention in which all the grids are connected
to a single power supply.

Figure 7 shows the block diagram of the control used
in the embodiment object of the invention which con-
sists of directly controlling the anode current (IA).

Figure 8 shows in detail the deactivation of the ex-
posure, by means of an EXP signal.

Figure 9 shows a graph of the cathode current (IK)
with respect to time and how the CLR1 controller
applies an overcurrent during the rise time (t1) of the
cathode current (IK), to quickly charge the parasitic
capacity between the grid and the cathode (CGK).

Figure 10 shows a graph of the anode current (IA)
with respect to time where the reduced activation
time (t1) and deactivation time (t3) achieved can be
seen, comparing figures 5 and 10.

PREFERRED EMBODIMENT OF THE INVENTION

[0043] In view of the figures, a preferred embodiment
of the proposed invention is described below.
[0044] Figures 1 to 5 show an embodiment of the prior
art explained in the background section of the invention.
[0045] Figure 6 shows the embodiment object of the
invention, where all the grids (G) are connected to the
positive terminal of a single power supply (Gps), while
the negative terminal of said power supply (Gps) is con-
nected to ground, requiring as many current controllers
as there are X-ray beam emitter-receiver pairs, where
said current controllers comprise at least one transistor
(Q1) and a controller (CLR1) where the anode current
(IA) is controlled instead of the cathode current (IK), to
avoid the very negative effects described above.
[0046] Figure 7 shows a possible embodiment of the
control of the anode current (IA), in which the controller
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(CLR1) comprises a comparator (COMP) that has as ref-
erence the current demand of the anode (DIA), which is
the one that produces the emission of the X-rays, while
the feedback of the comparator (COMP) is the actual
anode current (IA), further comprising a control (G(s))
where the output of said controller (CLR1) can be applied
directly to the gate of the transistor (Q1) that controls the
cathode current (IK).
[0047] The controller (CLR1) avoids the need to cali-
brate the cathode current demand (DIK) based on the
anode current (IA).
[0048] The presence of the controller (CLR1) avoids
having to recalibrate the emitters due to their degradation
due to the type and time of use, because it always keeps
each and every one of the emitters in perfect precision
state due to the closed control loop.
[0049] The control (G(s) of the controller (CLR1) may
be of the PID type, but another type of control could be
applied.
[0050] The integral part of the controller corrects errors
and adjusts the accuracy of the anode current (IA), while
the differential part makes the charging of the parasitic
capacity between the grid and the cathode (CGK) faster,
considerably improving the activation transition time or
rise time.
[0051] Additionally and in a complementary manner,
between the output of the controller (CLR1) and the input
gate of the transistor (Q1) a buffer can be provided in
charge of delivering the necessary current to the transis-
tor gate (Q1), to improve its response time in both the
activation and in the deactivation of the X-ray exposure.
[0052] Figure 8 shows the buffer in detail, which com-
prises a signal (EXP). The controller (CLR1) has a re-
sponse time similar to the activation time, i.e. 5ms. How-
ever, this time can be drastically reduced to the nano-
second range short-circuiting the Q1 gate by means of
the buffer when the signal (EXP) is turned off without
needing to wait for the response of the CLR1 controller.
[0053] Figure 9 shows how the controller (CLR1) can
apply an overcurrent during the rise time (t1) of the cath-
ode current (IK), to quickly charge the parasitic capacity
between the grid and the cathode (CGK). That overcur-
rent ceases when the parasitic capacity between the grid
and the cathode (CGK) is fully charged and in a steady
state, which is represented by the stabilization time (t2).
[0054] Figure 10 shows that the anode current (IA) ris-
es optimally during the rise time (t1), until it stabilizes at
its nominal value during the stabilization time (t2).
[0055] During the stabilization time (t2), the cathode
(IK) and anode (IA) current remain stable.
[0056] During a fall or deactivation time (t3) the control
system receives the end of exposure end signal, wherein
the transistor gate (Q1) is short-circuited by the buffer
and its current (including IA) is optimally extinguished in
nanoseconds.
[0057] Having sufficiently described the nature of the
present invention, in addition to the manner in which to
put it into practice, it is hereby stated that, in its essence,

it may be put into practice in other embodiments that
differ in detail from that indicated by way of example, and
to which the protection equally applies, provided that its
main principle is not altered, changed or modified.

Claims

1. X-ray scanning control system characterized in
that it comprises a multiplicity of emitters and at least
one receiver arranged opposite each other, where
only one emitter can be emitting at a certain time,
where once the emission by one X-ray emitter is per-
formed and finishes the emission by another emitter
begins and until such emission ends or is deactivat-
ed, the next emission will not begin, where each X-
ray emitter comprises an anode (A) connected to a
single power supply (Aps), a cathode (K) and a grid
(G), where all the grids (G) are connected to the pos-
itive terminal of a single power supply (Gps), while
the negative terminal of said power supply (Gps) is
grounded, in addition in each cathode (K) there is at
least one controller (CLR1) that controls the anode
current (IA) and where each controller (CLR1) com-
prises a comparator (COMP) that has as reference
the current demand of the anode (DIA), and the feed-
back of the comparator (COMP) is the actual anode
current (IA), further comprising a control (G(s))
where the output of said controller (CLR1) is con-
nected on the gate of the transistor (Q1) that controls
the cathode current (IK).

2. X-ray scanning control system according to claim 1,
characterized in that between the output of the con-
troller (CLR1) and the input gate of the transistor
(Q1) a buffer is available in charge of delivering the
necessary current to the gate of the transistor (Q1),
to improve its response time both in the activation
and deactivation of the X-ray exposure, where said
buffer comprises a signal (EXP)

3. 3D X-ray scanning control system according to claim
1, characterized in that the controller (CLR1) ap-
plies an overcurrent during a rise time (t1) of the cath-
ode current (IK), to quickly charge a parasitic capac-
ity between the grid and the cathode (CGK), where
said overcurrent ceases, when the parasitic capacity
between the grid and the cathode (CGK) is fully
charged and in a steady state.

4. X-ray scanning control system according to any of
the preceding claims, characterized in that the con-
trol (G(s)) of the controller (CLR1) is of the PID type.

Amended claims under Art. 19.1 PCT

1. X-ray scanning control system characterized in
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that it comprises a multiplicity of emitters and at least
one receiver arranged opposite each other, where
only one emitter can be emitting at a certain time,
where once the emission by one X-ray emitter is per-
formed and finishes the emission by another emitter
begins and until such emission ends or is deactivat-
ed, the next emission will not begin, where each X-
ray emitter comprises an anode (A) connected to a
first single power supply (Aps), a cathode (K) and a
grid (G), where all the grids (G) are connected to the
positive terminal of a second single power supply
(Gps), while the negative terminal of said power sup-
ply (Gps) is grounded, in addition in each cathode
(K) there is at least one controller (CLR1) that con-
trols the anode current (IA) and where each control-
ler (CLR1) comprises a comparator (COMP) that has
as reference the current demand of the anode (DIA),
and the feedback of the comparator (COMP) is the
actual anode current (IA), further comprising a con-
trol (G(s)) where the output of said controller (CLR1)
is connected on the gate of the transistor (Q1) that
controls the cathode current (IK).

2. X-ray scanning control system according to claim 1,
characterized in that between the output of the con-
troller (CLR1) and the input gate of the transistor
(Q1) a buffer is available in charge of delivering the
necessary current to the gate of the transistor (Q1),
both in the activation and deactivation of the X-ray
exposure, where said buffer comprises a deactiva-
tion of the exposure signal (EXP)

3. X-ray scanning control system according to claim 1,
characterized in that the controller (CLR1) applies
an overcurrent during a rise time (t1) of the cathode
current (IK), to quickly charge a parasitic capacity
between the grid and the cathode (CGK), where said
overcurrent ceases, when the parasitic capacity be-
tween the grid and the cathode (CGK) is fully charged
and in a steady state.

4. X-ray scanning control system according to any of
the preceding claims, characterized in that the con-
trol (G(s)) of the controller (CLR1) is of the PID type.
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