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PROTECTION SYSTEM FOR PROTECTING A PERSON AGAINST X-RAY SCATTER
RADIATION

FIELD OF THE INVENTION

The invention relates to a protection system for protecting a person against X-
ray scatter radiation, an X-ray system, a method for protecting a person against X-ray scatter
radiation, and a computer program element for controlling such device and a computer

readable medium having stored such computer program element.

BACKGROUND OF THE INVENTION

EP 2 147 333 A2 discloses a dose awareness indication device for determining
an individual dose data of a staff member during a type of diagnostic or interventional X- ray
examination of an object of interest with an examination apparatus.

During interventional procedures carried out while acquiring X-ray images of
the patient, staff members may be subjected to harmful scatter radiation, in particular X-ray
radiation that is being scattered by the patient undergoing the procedure.

Protection from such scatter radiation can be achieved in many ways:
shielding devices (e.g. radiation safety glasses) may be in the room, behind which a staff
member is “in the shade” of the scatter radiation; in a similar way one can stand “behind”
another staff member, or even be “protected” by the patient. Taking enough distance from the
scatter source can also have enough effect.

However, today no means are provided to guarantee that at least one of these
protection mechanisms is in place for everyone. As a result, everybody is required to wear

heavy, cumbersome lead aprons during the complete radiation procedure.

SUMMARY OF THE INVENTION
Hence, there may be a need to provide an improved protection system for
protecting a person against X-ray scatter radiation, which facilitates working for the person.
The problem of the present invention is solved by the subject-matters of the
independent claims, wherein further embodiments are incorporated in the dependent claims.

It should be noted that the aspects of the invention described in the following apply also to
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the protection system for protecting a person against X-ray scatter radiation, the X-ray
system, the method for protecting a person against X-ray scatter radiation, the computer
program clement, and the computer readable medium.

According to the present invention, a protection system for protecting a staff
member against X-ray scatter radiation is presented. The protection system comprises a
location unit and a determination unit. The location unit is configured to detect the position of
a shielding device and the position of the person to be protected. The determination unit is
configured to determine an origin of potential X-ray scatter radiation. The determination unit
is further configured to determine if the shielding device is positioned to protect the person to
be protected based on the origin of potential X-ray scatter radiation, the position of the
shielding device and the position of the person to be protected.

Within the context of the invention, a “person to be protected” from scatter
radiation is a medical staff member, in particular a member of a medical staff being present
during an interventional X-ray procedure.

In other words, the protection system locates only the positions of the origin of
potential X-ray scatter radiation, the shielding device and the person to be protected. The 2D
positions are thereby sufficient, but can be extended to 3D positions. Then, the protection
system determines based on this information if the surface of the person is fully free and
protected from scatter radiation or if at least a part of the person’s body is subjected to scatter
radiation in case a radiation source is switched on. In other words, the protection system
determines binary if the person is completely safe or not.

Thereby, an interventional staff member does not need to wear heavy,
cumbersome personal shielding devices, as e.g. a lead apron during the complete radiation
procedure. The protection system ensures that the person is protected even without a lead
apron. This makes life and work much easier for the person to be protected.

In an example, the shielding device is a wall, a curtain, a moveable shield, a
fixed shield, an element of an X-ray apparatus, another person or the like. The shielding
device may still be an apron.

In an example, the origin of X-ray scatter radiation is a patient subject to
incident X-ray radiation, for example a patient undergoing a medical intervention during
which X-ray images are being acquired in order to support the intervention.

The mere knowledge of the origin of the scatter radiation is sufficient for the
invention. The protection system only differs between the two conditions that the X-ray

radiation is switched off or on. However, also the distance between radiation source and the
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person to be protected, the strength of the radiation source or the like can be used to
determine if the shiclding device is positioned to fully protect the person to be protected.
Also a model of the X-ray scatter radiation can be used as basis for the determination if the
shielding device is sufficiently positioned.

In an example, the X-ray scatter radiation can also be or can be replaced by X-
ray radiation or any other kind of radiation.

In an example, the location unit comprises a layout or model of a room, in
which the person to be protected is located. The location unit can also comprise a layout or
model of a safety zone or a predefined region of this room. The layout or model can comprise
¢.g. a position of a fixed shielding device.

In an example, the location unit comprises at least a sensor, as e.g. a position,
motion and/or rotation sensor to detect the position of the shielding device. For example,
rotation sensors can be added to each pivot point of a pivotable shielding device. The position
of the sensor can be added to the determination unit’s room model.

In an example, the location unit comprises a reference point and a location tag,
preferably a Real-Time Locating System (RTLS) tag. RTLS can be used to automatically
identify and track the location of objects or people in real time within a room or building. The
location tag can be used instead or together with above described sensor. Wireless RTLS tags
may be attached to objects or worn by people. At least one fixed reference point receives
wireless signals from the location tags to determine their location. The location tags and the
fixed reference points can be transmitters, receivers, or both. The communication between
reference point and a location tag can be made ¢.g. by radio frequency, optical, infrared,
acoustic, ultrasound technology or the like or combinations thereof. The location unit may
comprise a Wi-Fi access point and a small, long-lasting, battery-powered Wi-Fi tag. The
location unit may be a real time location unit with e.g. a location accuracy from 1 mm up to
100 mm and coverage from 5 m up to a few hundred meters. The location unit may permit
hundreds of tags to be tracked in all directions.

In other words, an improved system for dose protection for interventional staff
is provided. Staff members and protective devices may be provided with RTLS tags, i.e. Wi-
Fi tags that allow location tracking. The system determines, e.g. in real-time, the position of
the plurality of location tags in the interventional room and couples this information to

information concerning the scatter radiation distribution.
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As a result, the location unit can be configured to detect the position of the
shielding device from the layout or model, from the sensor, from the location tag and/or the
like.

This invention enables to estimate a priori the radiation safety risk of every
member of the staff during the X-ray examination. This allows calculating for each staff
member a risk of scatter radiation and proposing suitable protection means. Via an
awareness/guidance instructions related to an adequate use of an available X-ray scatter
shielding device, a situation is created in which wearing lead aprons can be reduced or
eliminated.

In an example, the location unit comprises a first location tag to be arranged at
the person to be protected. The position of the shielding device can be taken from a room
model and/or a second location tag to be arranged at the shielding device. Via location
tagging of the staff member to be protected, it can be predicted whether this person is already
protected properly from X-ray scatter radiation thanks to the X-ray shielding device or not.
The staff members to be protected can be positioned in the shade of shielding devices,
colleagues and the like or they can be positioned favorably in terms of the scatter directions
or in terms of distance to the radiation source. For example, a staff member with no lead
apron, but at a sufficient distance, could be considered to be in a safe position when a
radiation run would be made.

The location of all staff members can also be monitored in real-time via
location tags. If the shielding device is a personal shielding device, as e.g. an apron, the
location tag on the shielding device can be used to determine whether the shielding device is
actually used. For example, if a staff member needs to wear a lead apron, but no lead apron is
positioned approximately at the same location as the person, a warning should be given.

In an example, the location unit further comprises a third location tag to be
arranged at the shielding device to provide information on the size, shape and/or spatial
orientation of the shielding device based on the positions of the second and third location
tags. In other words, via location tagging the size, shape and/or spatial orientation of the
shielding device can be measured, and the effect on the scatter radiation distribution in the
examination room can be modeled. The two location tags can be arranged at two opposite or
diagonal ends or corners of the shielding device.

In a further example, the location unit further comprises a fourth location tag

to be arranged at the person to be protected to provide information on the spatial orientation
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of the person to be protected based on the relative positions of the first and fourth location
tags. The two location tags can for example be arranged at two opposite ends of the person.

In an example, the location unit further comprises an information tag to be
arranged at the shielding device to provide information on the type, size, shape and/or
thickness of the shielding device. Thereby, the worn shielding device can be different for
every individual staff member. Staff members can decide how much lead protection they
want to wear (no lead aprons, thinner lead aprons, single layer, only lower part of lead apron,
only on the front, not at the back, etc.). Instead of using a separate information tag, this
function can also be integrated into the RTLS location tag. The RTLS location tag can then
have a certain identification number or string which can be coupled to a specification type of
the shielding device. In this way one tag can be enough to provide info on type, dimensions,
thickness, etc.

In an example, the protection system for protecting a person against X-ray
scatter radiation further comprises a control unit configured to limit and/or prevent an
operating of an X-ray source in case the shielding device is not positioned to protect the
person to be protected. Via automatically disabling the X-ray production in case of unsafe
situations, lead-apron-free work by the staff is further enhanced. It is also possible to allow
only a limited set of reduced X-ray techniques (on a real-time basis) depending on the
estimated safety of the complete staff. For example, an X-ray controlling person wears a lead
apron, but other staff members do not. As long as all other staff members are protected by
shielding devices and are impossible to be irradiated by the scatter of the patient (given the
X-ray systems geometry in terms of tube and detector positioning), the protection system will
enable X-ray, and the X-ray controlling person can actually push a start button and X-ray will
be generated. When however, at least one of the staff members (not protected by a lead
apron) is not within or leaves a zone “in the shade” of a shielding device, the protection
system will disable X-ray. This means the protection system stops the X-ray run even when
the X-ray controlling person holds the start button or simply refuses to start a new X-ray run
when requested to.

In an example, the control unit is further configured to control a movement of
the shielding device. Motorized shielding devices can then be positioned adequately.

In an example, the protection system for protecting a person against X-ray
scatter radiation further comprises an output unit configured to output instructions to re-
arrange the shielding device and/or the person to be protected to achieve a protection of the

person to be protected. These instructions can be awareness/guidance indications related to
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the usage and positioning of shielding devices as e.g. “lower the lead glass near the table a
few cm” or to the staff as e.g. “if the nurse takes more distance a low radiation level will be
allowed, for a higher radiation level, the nurse should find protection behind shielding device
A”. These instructions can also be a binary visual, auditory or other signal to indicate if the at
least one person is unprotected.

In an example, the protection system for protecting a person against X-ray
scatter radiation further comprises a scatter model unit configured to model a scatter radiation
distribution as further input for the determination unit. The absolute scatter radiation levels
may depend on geometrical parameters (angle of irradiation, etc.) and on technique factors
(X-ray beam quality, X-ray intensity, use of filters, etc.). These technique factors can already
be estimated prior the next irradiation event to happen to speed up. The scatter model unit
can also be configured to adapt the model of the scatter radiation distribution by the positions
of the shielding device(s) and person(s).

In an example, the protection system for protecting a person against X-ray
scatter radiation further comprises a real-time dose monitoring unit configured to monitor the
scatter radiation influencing the person to be protected. The dose monitoring unit can be
linked to a personal dose meter or tag. Thereby, a correct functioning of the system can be
verified and the received dose can be measured. Via dose monitoring, also the accurateness of
the predicted safety can be checked. Such monitoring can be used to give feedback to the
prediction part in order to improve the quality and to e.g. reduce safety margins. It can also
interfere and e.g. lower or stop an X-ray run in case a staff member becomes inadequately
shielded.

According to the present invention, also an X-ray system is presented. The X-
ray system comprises an X-ray source, a shielding device and a protection system as
described above for protecting a person against a scatter portion of the X-ray radiation. The
X-ray source is configured to provide X-ray radiation. The shielding device may be one of
the group of a wall, a curtain, a moveable shield, a fixed shield, an apron, an element of an X-
ray apparatus or a medical staff member. The protection system comprises a location unit and
a determination unit. The location unit may comprise a reference point and a location tag,
preferably a RTLS tag.

According to the present invention, also a method for protecting a person
against X-ray scatter radiation is presented. It comprises the following steps, not necessarily

in this order:
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detecting a position of a shielding device and a position of a person to be
protected,

determining an origin of potential X-ray scatter radiation, and

determining if the shielding device is positioned to protect the person to be
protected based on the origin of potential X-ray scatter radiation, the position of the shielding
device and the position of the person to be protected.

The position detection may be achieved by a location unit comprising a
reference point and a location tag, preferably a RTLS tag. The origin of X-ray scatter
radiation may be a patient to be examined by X-ray radiation. The protection system
determines based on the positions of the origin of potential X-ray scatter radiation, the
shielding device and the person to be protected if the surface of the person is fully free and
protected from scatter radiation or if at least a part of the person’s body is subjected to scatter
radiation in case a radiation source is switched on. In other words, the protection system
determines binary if the person is completely safe or not.

According to the present invention, also a computer program element is
presented, wherein the computer program element comprises program code means for
causing a protection system for protecting a person against X-ray scatter radiation as defined
in the independent device claim to carry out the steps of the method for protecting a person
against X-ray scatter radiation when the computer program is run on a computer controlling
the protection system for protecting a person against X-ray scatter radiation.

It shall be understood that the protection system for protecting a person against
X-ray scatter radiation, the X-ray system, the method for protecting a person against X-ray
scatter radiation, the computer program element for controlling such device and the computer
readable medium having stored such computer program element according to the
independent claims have similar and/or identical preferred embodiments, in particular, as
defined in the dependent claims. It shall be understood further that a preferred embodiment of
the invention can also be any combination of the dependent claims with the respective
independent claim.

These and other aspects of the present invention will become apparent from

and be elucidated with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
Exemplary embodiments of the invention will be described in the following

with reference to the accompanying drawings:
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Fig. 1 shows a schematic drawing of an example of an X-ray system according
to the invention.

Fig. 2 shows a schematic drawing of an example of a shielding device
according to the invention.

Fig. 3 shows basic steps of an example of a method for protecting a person

against X-ray scatter radiation.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows schematically and exemplarily an embodiment of an X-ray
system 1 according to the invention. The X-ray system 1 comprises an X-ray source 2, at
least one shielding device 3 and a protection system 10 for protecting persons 6, in particular
medical staff members 61, 62, against a scatter portion of the X-ray radiation. The X-ray
source 2 provides X-ray radiation. The shielding device 3 is here a moveable wall, but may
be also at least one of the group of a fixed wall, a curtain, a moveable shield, a fixed shield,
an apron, an element of an X-ray apparatus or a medical staff member.

The protection system 10 comprises a location unit 20 and a determination
unit 30. The location unit 20 detects the position of the shielding device 3 and the position of
the person 6 to be protected. The location unit 20 here therefore comprises a reference
point 21 and a location tag 22, here a wireless RTLS tag. The determination unit 30
determines an origin 5 of potential X-ray scatter radiation, which is here a patient 4 to be
examined. The determination unit 30 further determines if the shielding device 3 is
positioned to protect the person 6 to be protected based on the origin 5 of potential X-ray
scatter radiation, the position of the shielding device 3 and the position of the person 6 to be
protected.

The location unit 20 of the protection system 10 for protecting a person 6
against X-ray scatter radiation comprises in this example a first location tag 221 arranged at
cach person 6 to be protected and a second location tag 222 arranged at the shielding
device 3. Via location tagging of the persons, here the staff members, it can be predicted
whether the staff is already protected properly from X-ray scatter radiation thanks to the X-
ray shielding device 3 or not.

The location unit 20 further comprises in this example a third location tag 223
arranged at the shielding device 3 to provide information on the size, shape and spatial
orientation of the shielding device 3 based on the positions of the second and third location

tags. The second and third location tags 222, 223 are arranged at two opposite ends of the
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shielding device 3. Via location tagging of the second and third location tags 222, 223, the
size, shape and/or spatial orientation of the shielding device 3 can be measured.

The location unit 20 further comprises in this example a fourth location
tag 224 arranged at the person 6 to be protected to provide information on the spatial
orientation of the person 6 to be protected based on the positions of the first and fourth
location tags 221, 224. The first and fourth location tags 221, 224 are arranged spaced apart
from each other at the person 6.

The location unit 20 further comprises in this example an information tag 225
arranged at the shielding device 3 to provide information on the type, size, shape and
thickness of the shielding device 3 to the protection system 10. Thereby, the worn shielding
device 3 can be different for every individual staff member.

The protection system 10 for protecting a person 6 against X-ray scatter
radiation may further comprise a control unit 40 connected to the X-ray source 2 to limit
and/or prevent an operating of the X-ray source 2 in case the shielding device 3 is not
positioned to protect all persons 6 to be protected. Via automatically disabling the X-ray
production in case of unsafe situations, lead-apron-free work by the staff is further enhanced.
It is also possible to allow only a limited set of reduced X-ray techniques depending on the
estimated safety of the complete staff. For example, a first staff member 61 is hidden behind
the shielding device 3, but a second staff member 62 is not. As long as all staff members are
protected by the shielding device 3 and are impossible to be irradiated by the scatter of the
patient 4 (given the X-ray system’s geometry in terms of tube and detector positioning), the
protection system 10 will enable X-ray, and the first staff member 61 can actually push a start
button and X-ray will be generated. When however, at least one of the staff members 62 (not
protected by a lead apron) is not within or leaves a zone “in the shade” of any shielding
device 3, the protection system 10 will disable X-ray. This means the protection system 10
stops the X-ray run even when the first staff member 61 holds the start button or simply
refuses to start a new X-ray run when requested to. The control unit 40 further controls a
movement of the shielding device 3 to position it adequately.

The protection system 10 for protecting a person 6 against X-ray scatter
radiation may further comprise an output unit 50 connected to the control unit 40 and
outputting instructions to re-arrange the shielding device 3 and/or the person 6 to be protected
to achieve a protection of the person 6 to be protected. These instructions can be a binary
visual, auditory or other signal to indicate if the at least one person 6 is unprotected. These

instructions can also be awareness/guidance indications related to the usage and positioning
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of shielding devices as e.g. “move the wall 3 cm to the left” or to the staff as e.g. “person 62
should find protection behind wall 3.

The protection system 10 for protecting a person 6 against X-ray scatter
radiation may further comprise a scatter model unit 60 connected to the determination unit 30
to model a scatter radiation distribution as further input for the determination unit 30 prior the
next irradiation event to happen to speed up. The scatter model unit 60 can also be configured
to adapt the model of the scatter radiation distribution by the positions of the shielding
device(s) 3 and person(s) 6.

The protection system 10 for protecting a person 6 against X-ray scatter
radiation may further comprise a real-time dose monitoring unit 70 to monitor the scatter
radiation influencing the person 6 to be protected. The dose monitoring unit 70 can be linked
to a personal dose meter or tag. It can interfere and e.g. lower or stop an X-ray run in case a
staff member becomes inadequately shielded.

Fig. 2 shows a schematic drawing of an example of a shielding device 3
according to the invention. The shielding device 3 is a moveable and pivotable shielding
device to protect a person 6. The shielding device 3 is provided with a second and two third
location tags 222, 223 are arranged at opposite corners of the shielding device 3 to provide
information on the size, shape and spatial orientation of the shielding device 3 to the
protection system 10. The shielding device 3 is further provided with a sensor 226, which can
be a position, motion and/or rotation sensor to detect the position of the shielding device 3.
The position of the sensor can be added to a room model.

Fig. 3 shows a schematic overview of steps of a method for protecting a
person 6 against X-ray scatter radiation. The method comprises the following steps, not
necessarily in this order:

detecting a position of a shielding device 3 and a position of a person 6 to be
protected.

determining an origin 5 of potential X-ray scatter radiation.

determining if the shielding device 3 is positioned to protect the person 6 to be
protected based on the origin 5 of potential X-ray scatter radiation, the position of the
shielding device 3 and the position of the person 6 to be protected.

The position detection is achieved by a location unit 20 comprising in this
example a reference point and a RTLS tag. The origin 5 of X-ray scatter radiation is here the
patient 4 to be examined by X-ray radiation. The protection system 10 determines based on

the positions of the origin 5 of potential X-ray scatter radiation, the shielding device 3 and the
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person 6 to be protected if the surface of the person 6 is fully free and protected from scatter
radiation or if at least a part of the person’s body is subjected to scatter radiation in case a
radiation source 2 is switched on. In other words, the protection system 10 determines binary
if the person 6 is completely safe or not.

In another exemplary embodiment of the present invention, a computer
program or a computer program eclement is provided that is characterized by being adapted to
execute the method steps of the method according to one of the preceding embodiments, on
an appropriate system.

The computer program element might therefore be stored on a computer unit,
which might also be part of an embodiment of the present invention. This computing unit
may be adapted to perform or induce a performing of the steps of the method described
above. Moreover, it may be adapted to operate the components of the above described
apparatus. The computing unit can be adapted to operate automatically and/or to execute the
orders of a user. A computer program may be loaded into a working memory of a data
processor. The data processor may thus be equipped to carry out the method of the invention.

This exemplary embodiment of the invention covers both, a computer program
that right from the beginning uses the invention and a computer program that by means of an
up-date turns an existing program into a program that uses the invention.

Further on, the computer program element might be able to provide all
necessary steps to fulfil the procedure of an exemplary embodiment of the method as
described above.

According to a further exemplary embodiment of the present invention, a
computer readable medium, such as a CD-ROM, is presented wherein the computer readable
medium has a computer program element stored on it, which computer program element is
described by the preceding section.

A computer program may be stored and/or distributed on a suitable medium,
such as an optical storage medium or a solid state medium supplied together with or as part
of other hardware, but may also be distributed in other forms, such as via the internet or other
wired or wireless telecommunication systems.

However, the computer program may also be presented over a network like the
World Wide Web and can be downloaded into the working memory of a data processor from
such a network. According to a further exemplary embodiment of the present invention, a

medium for making a computer program element available for downloading is provided,
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which computer program element is arranged to perform a method according to one of the
previously described embodiments of the invention.

It has to be noted that embodiments of the invention are described with
reference to different subject matters. In particular, some embodiments are described with
reference to method type claims whereas other embodiments are described with reference to
the device type claims. However, a person 6 skilled in the art will gather from the above and
the following description that, unless otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any combination between features
relating to different subject matters is considered to be disclosed with this application.
However, all features can be combined providing synergetic effects that are more than the
simple summation of the features.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive. The invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practicing a claimed invention, from a study of the drawings, the
disclosure, and the dependent claims.

In the claims, the word “comprising” does not exclude other elements or steps,
and the indefinite article “a” or “an” does not exclude a plurality. A single processor or other
unit may fulfil the functions of several items re-cited in the claims. The mere fact that certain
measures are re-cited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage. Any reference signs in the

claims should not be construed as limiting the scope.
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CLAIMS:

1. A protection system (10) for protecting a staff member (6) against X-ray
scatter radiation, comprising;:

a location unit (20), and

a determination unit (30), wherein the location unit (20) is configured to
detect the position of a shielding device (3) and the position of the staff member (6) to be
protected,

wherein the determination unit (30) is configured to determine an origin (5) of
potential X-ray scatter radiation, and

wherein the determination unit (30) is configured to determine if the shielding
device (3) is positioned to protect the staff member (6) based on the origin (5) of potential X-
ray scatter radiation, the position of the shielding device (3) and the position of the staff

member (6) to be protected.

2. Protection system (10) according to claim 1, wherein the origin (5) of the X-

ray scatter radiation is a patient (4) subject to incident X-ray radiation.

3. Protection system (10) according to claim 1 or 2, wherein the location
unit (20) comprises a first location tag (221) to be arranged at the staff member (6) to be
protected and a second location tag (222) to be arranged at the shielding device (3).

4. Protection system (10) according to claim 3, wherein the location unit (20)
further comprises a third location tag (223) to be arranged at the shielding device (3) to
provide information on the size, shape and/or spatial orientation of the shielding device (3)

based on the positions of the second and third location tags (222, 223).

5. Protection system (10) according to claim 3 or 4, wherein the location unit
(20) further comprises a fourth location tag (224) to be arranged at the staff member (6) to be
protected to provide information on the spatial orientation of the staff member (6) based on

the relative positions of the first and fourth location tags (221, 224).
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6. Protection system (10) according to one of the preceding claims, wherein the
location unit (20) further comprises an information tag (225) to be arranged at the shielding

device (3) to provide information on the type and/or size, shape of the shielding device (3).

7. Protection system (10) according to one of the preceding claims, further
comprising a control unit (40) configured to limit and/or prevent an operating of an X-ray

source (2) in case the shielding device (3) is not positioned to protect the staff member (6).

8. Protection system (10) according to one of the preceding claims, wherein the

control unit (40) is further configured to control a movement of the shielding device (3).

9. Protection system (10) according to one of the preceding claims, further
comprising an output unit (50) configured to output instructions to re-arrange the shielding
device (3) and/or the staff member (6) to be protected to achieve a protection of the staff

member (6).

10. Protection system (10) according to one of the preceding claims, further
comprising a scatter model unit (60) configured to model a scatter radiation distribution as

further input for the determination unit (30).

11. Protection system (10) according to one of the preceding claims, further
comprising a real-time dose monitoring unit (70) configured to monitor the scatter radiation

influencing the staff member (6) to be protected.

12. An X-ray system (1), comprising a protection system (10) according to one of
the preceding claims for protecting a staff member (6) against a scatter portion of the X-ray
radiation, an X-ray source (2) configured to provide X-ray radiation, and a shielding

device (3), wherein the shielding device (3) is configured so that its position is detectable by

the protection system (10).
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13. X-ray system (1) according to the preceding claim, wherein the shielding
device (3) is one of the group of a wall, a curtain, a moveable shield, a fixed shield, an apron,

an element of an X-ray apparatus or a further medical staff member.

14. A method for protecting a staff member (6) against X-ray scatter radiation,
comprising the following steps:

detecting a position of a shiclding device (3) and a position of a staff member
(6) to be protected,

determining an origin (5) of potential X-ray scatter radiation, and

determining if the shielding device (3) is positioned to protect the staff
member (6) to be protected based on the origin (5) of potential X-ray scatter radiation, the

position of the shielding device (3) and the position of the staff member (6) to be protected.

15. A computer readable medium having stored a computer program element for
controlling the protection system according to one of the claims 1 to 11 or the X-ray system
according to claim 12 or 13, which, when being executed by a processing unit, is adapted to

perform the method steps of the preceding claim..
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