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MEDICAL IMAGING SYSTEM AND METHOD FOR PROVIDING AN X-RAY IMAGE

FIELD OF THE INVENTION

The present invention relates to a medical imaging system and a method for

providing an x-ray image.

BACKGROUND OF THE INVENTION

For trauma x-ray application, technicians usually have to bring a detector and

an X-ray tube near a patient lying on a trauma trolley in an environment with a lot of people

around. A patient may be wired to medical equipment that may disturb a proper X-ray

examination. Therefore, trauma X-ray applications are sophisticated.

Usually, for an X-ray examination in this environment, there are two general

different workflows existing, depending on the size, shape and position of the object to be

examined. In a first workflow, the X-ray tube is adjusted to the region of interest in that it is

positioned to align with the outer/inner dimensions of the relevant anatomy of the patient.

The detector has to be aligned according to the position of the X-ray tube in a certain

predetermined "source image distance" (SID) and with the detector center aligning with a

central spot of the X-rays. Therefore, the X-ray tube comprises a "master function". In a

second workflow, the X-ray tube freely emits X-rays limited by a collimator to the region of

interest. A portable X-ray detector is positioned relative to the region of interest. Therefore,

the detector has a "master function".

For the first workflow type, the detector and the x-ray tube are mechanically

linked. The detector is positioned on a mechanical arm connected to the X-ray tube.

Whenever the X-ray tube is moved relative to the patient the detector follows in a

predetermined distance and a fixed spatial relationship.

For the second workflow, a mechanical arm may be fold aside, thus removing

the detector from its spatially fixed relationship and to use the X-ray tube for free exposures.

SUMMARY OF THE INVENTION

In trauma environments, it may be favorable to reduce the weight and

bulkiness of an X-ray imaging device that may be very easy to move and to position and,

further on, to reduce the occupied space near the patient. An X-ray imaging device having a

foldable mechanical link between an X-ray source and a detector may obstruct some space



around the patient.

Also, it may be favorable to modify or control a distance between an X-ray

tube and a detector more individually for increasing the available space at the patient

whenever it is necessary.

Therefore, there may exist a need for a less bulky X-ray imaging device that is

easier to move and to position as commonly known X-ray trauma devices allowing free

exposures when necessary and less space obstruction.

This need may be met by an X-ray imaging system according to the features of

independent claim 1. Advantageous embodiments and further improvements can be derived

from the sub-claims and the following description.

An X-ray imaging system according to the invention comprises an X-ray tube,

a ceiling suspension for the X-ray tube, a detector trolley with an X-ray detector mounted

thereon, an active sensor matrix, an optical indication unit and a control unit. The active

sensor matrix is fixedly mounted on the ceiling suspension. The optical indication unit is

fixedly mounted to the detector trolley and is adapted for emitting an optical indication onto

the active sensor matrix. The control unit is connected to the active sensor matrix and is

adapted for acquiring the position of an optical indication on the active sensor matrix and to

create control signals for controlling at least one of the ceiling suspension and the detector

trolley to adjust the position of the optical indication to the predetermined position.

The detector trolley is a cart like element that has a base, which base is

adapted for supporting the trolley on a floor of an operating room. It is clear that the detector

trolley is dimensioned such that the detector attached to it may be moved under the trauma

trolley without colliding with any element of the trauma trolley. In the light of the invention,

it becomes clear that the detector trolley comprises drive means and/or actuating means that

can be triggered by control signals for moving the detector trolley on the floor of the

operating room.

The ceiling suspension supports the X-ray tube and is equipped with drive /

actuating means for moving the X-ray tube at least along a plane parallel to the ceiling.

Preferably, the X-ray tube may also be adjusted in a distance to the ceiling, thereby adjusting

the distance between the detector and the X-ray source (SID). The drive means may be

triggered by control signals.

As the optical indication unit emits an optical indication onto the active sensor

matrix the control unit then can detect the relative position of the X-ray source and the

detector. If a desired relative position between the detector and the X-ray source is predefined



the control unit is enabled to determine the deviation/difference between the predefined

position of the detector relative to the X-ray source by acquiring the position of the emitted

optical indication on the active sensor matrix and compare it to the predefined position. The

control unit may then create control signals that are transferred to the detector trolley and/or

the ceiling suspension. For example, a first command may be generated that is transferred to

the detector trolley to adjust the detector trolley position. A second command may be

generated that is transferred to the ceiling suspension to adjust the ceiling suspension

position. Based on predetermined control laws, either the ceiling suspension device or the

detector trolley are moved by means of the integrated drive/actuating means to the predefined

relative position.

With this setup it is easily possible to automatically link the positions of the X-

ray tube and the detector trolley. Even without a direct mechanical link between the detector

trolley and the X-ray source, the relative position can very precisely be determined.

The optical indication may thereby e . g . be realized as a light emitting means,

such as a laser or similar devices, emitting a light beam in the visible or invisible frequency

range. Preferably the emitted light beam has a fan shape so that the optical indication

overlaps a plurality of active sensors, thus enhancing the determination of a motion, a motion

direction and a velocity. A rotation of the detector trolley relative to the ceiling suspension

can furthermore only be detected when the fan shape is designed such that it is not

completely symmetrical.

The positioning process in the system is always systemic. A "master function"

of the X-ray tube or the detector is not mandatory any more. It is useful to control the

positioning process by moving the detector trolley alone leading to a synchronous motion of

the X-ray tube as if the X-ray tube was a master, since the clinician checks the positioning by

means of the light field of the X-ray tube, but the motion itself is initiated at the detector.

Furthermore in order to initiate an imaging function for the desired region of

interest on the patient the clinician may also move the X-ray tube to the desired position and

initiate a position adjustment or a positioning link of the detector trolley. In both cases the

control unit aquires the relative position of the detector trolley to the X-ray source and

automatically adjusts the position through control signals sent to the ceiling suspension or

detector trolley. It may be sensible to use the control of the detector trolley for a fine tuning

of the detector trolley position.

It is furthermore conceivable that the clinician positions the X-ray tube by a

handle or the such and still manually positions the detector trolley afterwards, but without a



link between the X-ray tube and the detector trolley. The orientation of the detector relative

to the X-ray tube may be checked on a display unit placed in the vicinity of the clinician.

A collimator may be adjusted by means of manual control means.

In an advantageous embodiment, the active sensor matrix comprises an array

of sensitive elements that detect the presence of the optical indication. The sensitive elements

are preferably arranged in a matrix shape and are adapted for detecting an impinging optical

indication. The active sensor matrix may output a signal that either comprises position and

motion information that are already interpreted from the impinging optical indication or raw

data comprising strength and/or brightness information of each of the sensitive elements for

interpretation through the control unit.

As mentioned above the optical indication on the active sensor matrix may

have a dimension exceeding the dimension of a sensitive element, thus enabling an overlap of

the optical indication on a plurality of sensitive elements.

In an advantageous embodiment, the sensitive elements are selected from a

group of sensitive elements the group comprising an array of photo diodes, a CMOS array

and a CCD array. Using photo diodes may be rather cost effective but CMOS and CCD

arrays may increase the position detection and therefore the precision of the detector trolley

position. Furthermore, many similar sensitive elements may be chosen without departing

from the scope of the invention.

In an advantageous embodiment the optical indication is positioned

perpendicular to the base of the detector trolley. Thereby, the position of the optical

indication on the ceiling suspension device matches with the position of the detector trolley

on the floor in the operating room.

In a further advantageous embodiment the optical indication is adapted for

overlaying a HF-pattern to the optical indication for avoiding disturbances from other sources

and wherein at least one of the active sensor matrix and the control unit is adapted for

recognizing the overlaid HF-pattern. In case the control unit acquired raw data from the

active sensor matrix the control unit has to interpret the data so as to detect a predefined HF-

pattern. On the other hand the active sensor matrix may also comprise an electronics unit that

is adapted for interpreting raw data of the sensitive elements and recognizing HF-patterns and

merely outputs position and motion information.

Preferably the HF pattern is realised as a series of light pulses with at least one

predetermined frequency for enabling an identifyable optical indication. It is further

conveivable to use a plurality of frequencies in order to imcrease the robustness of the



identification process for the optical indication.

In a further advantageous embodiment the X-ray tube is integrated into a

housing comprising a display for displaying an alignment status for the X-ray tube and the

detector trolley relative to each other. Thereby a visual aid is provided for a clinician.

In an advantageous embodiment the detector trolley comprises a data link for

transferring control data between the detector trolley and the control unit, thereby enabling

the detector trolley to emit control data necessary or optional for controlling the system as a

whole, to initiate a link between a detector position and an X-ray source position and to

receive control signals for following the position of the X-ray tube.

In a further advantageous embodiment, the imaging system comprises a

detector trolley user interface having input means for controlling the ceiling suspension,

wherein the trolley user interface is connected to the data link. It is preferred that the detector

trolley user interface comprises at least one "attached"-button to synchronize the detector

trolley and the ceiling suspension movements especially for cases where the detector trolley

is moved by a clinician to a desired position and the X-ray tube shall be automatically

adjusted to the detector trolley position. Further on, collimation wheels for adjusting the size

of the collimator should be integrated as well as a source image distance button for changing

the SID to e . g . 110 or 150 cm.

In an advantageous embodiment the optical indication unit is integrated into

the detector trolley user interface, which user interface is fixedly mounted to the detector

trolley. Thereby separate supports for separate units can be eliminated and the system has an

even lower complexity and bulkiness.

In an advantageous embodiment the data link is a wireless data link for

eliminating the cables to avoid injuries in the operating room.

According to a further aspect of the invention there is provided a method for

providing an X-ray image comprising the following steps:

Emitting an optical indication from an optical indication unit fixedly mounted

on a detector trolley onto an active sensor matrix, acquiring a position of the optical

indication on the active sensor matrix, comparing the acquired position with a predetermined

position and generating control signals for controlling at least one of a ceiling suspension and

the detector trolley to adjust the position of the optical indication to the predetermined

position. These steps enable a direct link of the detector trolley and the ceiling suspension

positions in both possible workflows.

In an advantageous embodiment, the control signal is transferred to the



detector trolley for adjusting the detector trolley position on receiving a first command. This

may be conceivable for fine tuning of the detector trolley position on slight adjustments

conducted directly on the X-ray tube.

In a further advantageous embodiment, the control signal is transferred to the

ceiling suspension on receiving a second command. The second command may be initiated

by input means present on the detector trolley as described further above.

A further advantageous embodiment may comprise overlaying a HF pattern to

the optical indication for avoiding disturbances from other sources, as explained further

above.

It has to be noted that features and side effects of the present invention have

been described with reference to different embodiments of the invention. However, a person

skilled in the art will gather from the above and the following description that unless other

notified in addition to any combination or features belonging to one embodiment also any

combinations between features relating to different embodiments or to a manufacturing

method is considered to be disclosed with this application.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and embodiments defined above and further features and

advantages of the present invention can also be derived from the examples of embodiments to

be described herein after and are explained with reference to examples of embodiments, but

to which the invention is not limited. The invention will be described in more detail

hereinafter with reference to the drawings.

Fig 1 shows an overview of the system for providing an X-ray image.

Fig. 2 shows a detail of the detector trolley.

Fig. 3a and 3b show a schematic drawing of an optical indication on the active

sensor matrix with different optical indications.

Fig. 4 shows a schematic drawing of the method for providing an X-ray image.

The figures are only schematically and not to scale.

DETAILED DESCRIPTION OF EMBODIMENTS

Figure 1 shows an overview of the system according to the invention. A

ceiling suspension 2 supports an X-ray tube arm 4 and comprises at least one actuating / drive

means for moving the X-ray tube arm 4 along the ceiling in X- and Y-direction. The tube arm

4 itself holds the X-ray tube 6 adapted for emitting X-ray beams to a patient trolley 8 present



below the X-ray tube. The patient trolley 8 itself does not constitute a part of the system

according to the invention and is merely displayed for illustration purposes.

A detector 10 is mounted to a detector trolley 12, which detector trolley has a

base 14 movable in X- and Y-direction on the floor 16. The detector 10 can thereby be

moved under the trauma trolley 8 and thereby move into and out of a region of interest 18.

For attaching or linking the detector position 10 to the position of the X-ray

tube 6, an optical indication unit 20 is fixedly mounted on the detector trolley 12 for emitting

an optical indication 22 onto an active sensor matrix 24 that is fixedly mounted on the ceiling

suspension 2 . The optical indication unit 20 is aligned such that it emits the optical indication

22 perpendicularly to the floor 16. Thereby, the position of the optical indication 22 on the

active sensor matrix 24 conforms the actual detector trolley position.

A control unit 26 is connected to the active sensor matrix 24 and therefore

adapted to acquire the actual position of the detector trolley 12 relative to the ceiling

suspension 2 . The control unit 26 is depicted in a schematic manner as it may be integrated

into the ceiling suspension, the tube arm 4, a housing of the X-ray tube 6, the detector trolley

12 or another electronics unit not shown in fig. 1. In the following it is assumed that the

control unit 26 is not integrated into the detector trolley 12.

If the detector trolley 12 is to follow the position of the X-ray tube 6,

preferably for a fine tuning of the detector trolley position, a deviation between the

predetermined position on the active sensor matrix 24 and the actual position of the optical

indication 22 can be interpreted as a control variable. Using a suitable control law, the control

unit 24 can create control signals for triggering a drive / actuation means in the detector

trolley 12 in order to link the position of the detector trolley 12 to the position of the X-ray

tube 6 . In an alternate control mode, the control unit 26 may attach the position of the ceiling

suspension 2 by transferring the generated control signals to the ceiling suspension 2 to adjust

its position to the actual position of the detector trolley 12.

As depicted in fig. 2 a trolley user interface 28 is attached to the detector

trolley 12 and comprises a set of user input devices. E.g. a button 29 may be dedicated to the

attaching function for attaching a position of the detector trolley 12 and the ceiling

suspension 2 . Preferably two controllers 30 may be used for the adjustment for a collimator

(not shown) and buttons or other input devices 31 and 33 provide for an adjustment of the

source image distance (SID) to either e.g. 110 or 150 cm.

The detector trolley user interface 28 may integrate the optical indication unit

20 and may further be equipped with a data link unit 32 for wirelessly connecting to the



control unit 26 for transferring commands to the control unit 26 or to receive control signals

for adjusting the position.

Figure 3a shows a section of an active sensor matrix 24, comprising an array

of sensitive elements 34. The optical indication 22 impinges onto the active sensor matrix 24

and thereby may overlap a plurality of sensitive elements 34 under creation of an indication

spot 36. A predetermined indication spot position 38 of the optical indication is symbolized

by a dashed circle. As the control unit 26 has information about a predetermined spot position

38, it is enabled to compare the predetermined spot position 38 and the actual position of the

optical indication and thereby generate control signals for removing the deviation.

As figure 3a shows circular indication spots 36 and 38 these may also by less

symmetrical, e.g. comprising elliptical or other shapes, demonstrated in fig. 3b. Thereby, the

rotational orientation of the detector trolley 12 relative to the ceiling suspension can be easily

acquired.

Finally, fig. 4 shows a block diagram of a method for providing an X-ray

image, comprising the steps of emitting 40 an optical indication from an optical indication

unit fixedly mounted on a detector trolley onto an active sensor matrix, acquiring 42 a

position of the optical indication on the active sensor matrix, comparing 44 the acquired

position with a predetermined position and generating 46 control signals for controlling at

least one of a ceiling suspension and the detector trolley to adjust the position of the optical

indication to the predetermined position. The control signal may be transferred 48 to the

detector trolley for adjusting 52 the detector trolley position on receiving a first command or

may be transferred 50 to the ceilling suspension for adjusting 54 the ceiling suspension

position on receiving a second command. Afterwards, the X-ray image may be acquired 56.

In order to improve the robustness of the optical indication and the detection

thereof a HF pattern may be overlaid 58 to the optical indication.

Finally, it is to be noted that herein 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.



LIST OF REFERENCE SIGNS:

2 ceiling suspension

4 X-ray arm

6 X-ray tube

7 display

8 trauma trolley

10 detector

12 detector trolley

14 detector trolley base

16 floor

18 region of interest

20 optical indication unit

22 optical indication

24 active sensor matrix

26 control unit

28 detector trolley user interface

29 attach button

30 collimator controllers

3 1 SID button

32 data link unit

33 SID button

34 sensitive element

36 indication spot

38 predetermined spot position

40 emitting optical indication

42 acquiring position

44 comparing positions

46 generating control signals

48 transferring to detector trolley

50 transferring to ceiling suspension

52 adjusting detector trolley position



adjusting ceiling suspension position

acquiring image

overlaying HF pattern



CLAIMS:

1. An X-ray imaging system, comprising

an X-ray tube (6),

a ceiling suspension (2) for the X-ray tube,

a detector trolley (12) with an X-ray detector (10) mounted thereon,

an active sensor matrix (24),

an optical indication unit (20) and

a control unit (26),

wherein the active sensor matrix (24) is fixedly mounted on the ceiling

suspension (2),

wherein the optical indication unit (20) is fixedly mounted to the detector

trolley (12) and is adapted for emitting an optical indication onto the active sensor matrix (24),

wherein the control (26) unit is connected to the active sensor matrix (24) and

is adapted for acquiring the position of an optical indication on the active sensor matrix (24)

and to create control signals for controlling at least one of a ceiling suspension (2) and the

detector trolley (12) to adjust the position of the optical indication to the predetermined

position.

2 . X-ray imaging system according to claim 1,

wherein the active sensor matrix (24) comprises an area of sensitive elements

(34) that detect the presence of the optical indication.

3 . X-ray imaging system according to claim 2,

wherein the sensitive elements (34) are selected from a group of sensitive

elements, the group comprising:

a matrix of photodiodes,

a CMOS matrix and

- a CCD matrix.

4 . X-ray imaging system according to any of the preceding claims,

wherein the optical indication unit (20) is positioned perpendicularly to

(14) of the detector trolley (12).



5 . X-ray imaging system according to any of the preceding claims,

wherein the optical indication unit (20) is adapted for overlaying a HF-pattern

to the optical indication for avoiding disturbances from other sources and

wherein at least one of the active sensor matrix (24) and the control unit (26)

are adapted for recognizing the overlaid HF-pattern.

6 . X-ray imaging system according to any of the preceding claims,

wherein the X-ray tube (6) is integrated into a housing comprising a display

(7) for displaying an alignment status for the X-ray tube (6) and the detector trolley (12)

relative to each other.

7 . X-ray imaging system according to any of the preceding claims,

wherein the detector trolley (12) comprises a data link unit (32) for

transferring control data between the detector trolley (12) and the control unit (26).

8. X-ray imaging system according to claim 7,

further comprising a detector trolley user interface (28) having input means for

controlling the ceiling suspension (2),

wherein the detector trolley user interface (28) is connected to the data link

unit (32).

9 . X-ray imaging system according to claim 8,

wherein the optical indication unit (20) is integrated into the detector trolley

user interface (28), which user interface is fixedly mounted to the detector trolley (12).

10. X-ray imaging system according to claim 7,

wherein the data link unit (32) is a wireless data link.



11. Method for providing an X-ray image, comprising the steps of:

emitting (40) an optical indication (22) from an optical indication unit

(20) fixedly mounted on a detector trolley (12) onto an active sensor matrix (24),

acquiring (42) a position of the optical indication (22) on the active

sensor matrix (24),

comparing (44) the acquired position with apredetermined position and

generating (46) control signals for controlling at least one of a ceiling

suspension (2) and the detector trolley (12) to adjust the position of the optical indication to

the predetermined position.

12. Method according to claim 11, further comprising the step of:

transferring (48) the control signal to the detector trolley (12) for

adjusting (52) the detector trolley position on receiving a first command.

13. Method according to claim 11, further comprising the step of:

transferring (50) the control signal to the ceilling suspension for

adjusting (54) the ceiling suspension position on receiving a second command.

14. Method according to claim 11, further comprising the step of:

overlaying (58) a HF pattern to the optical indication (22).









A . CLASSIFICATION O F SUBJECT MATTER

INV. A61B6/00
ADD.

According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

DE 10 2007 033235 Al (SI EMENS AG [DE] ) 1-4
22 January 2009 (2009-01-22)
abstract 7 , 9 , 11
paragraph [0018] - paragraph [0033]
f i gures 1, 9 , 10

US 2003/194056 Al (SPAHN MARTIN [DE] ) 1-4
16 October 2003 (2003-10-16)
abstract 10, 11
paragraph [0028] - paragraph [0055]
f i gures 1-3

US 2009/032744 Al (KIT0 EI ICHI [JP] ET AL) 1, 11 , 13
5 February 2009 (2009-02-05)
the whol e document

-/-

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n o r after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot b e considered to involve a n inventive

"L" documentwhich may throw doubts o n priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve a n inventive step when the document is

"O" document referring to a n oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

8 February 2013 21/02/2013

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
N L - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Arti ki s , T



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 5 729 587 A (BETZ ROLAND [DE] ) 7-9
17 March 1998 (1998-03-17)
abstract
col umn 2 , l i ne 1 - l i ne 33
f i gure 1



Patent document Publication Patent family Publication
cited in search report date member(s) date

DE 102007033235 Al 22-01-2009 NONE

US 2003194056 Al 16 -10 -2003 DE 10216857 Al 13-11-2003
P 4510400 B2 21-07-2010
P 2003310591 A 05-11-2003

US 2003194056 Al 16-10-2003

us 2009032744 Al 05 -02 -2009 NONE

us 5729587 A 17 -03 -1998 DE 19611706 Al 02-10-1997
US 5729587 A 17-03-1998


	abstract
	description
	claims
	drawings
	wo-search-report

