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Method to detect and indicate inaccuracies in long length imaging.

[DESCRIPTION]

FIELD OF THE INVENTION

The present invention relates to a method for generating an x-
ray image of an elongate body in direct radiography by generating a
plurality of partial x-ray images of said elongated body and by
stitching these partial images. More specifically the invention
relates to the case in which patient movement or system mis-

calibration occurs.

BACKGROUND OF THE INVENTION

In X-ray radiography an x-ray image of an elongate body such as
the entire spine or the legs of a patient, may have to be obtained.
Long length images are mostly taken to perform length and angle

measurements on a radiation image of a subject.

In Computed Radiography (CR), such a long length image is
generated by subjecting a number of Imaging Plates (IP), such as
photo-stimulable phosphor plates, which are organized in a partially
overlapping disposition, to an x-ray image of the elongate body.
Fach of the imaging plates carries an image of a part of the
elongate body. After exposure, the individual imaging plates are
read out so as to obtain partial images of the elongate body and
finally a long length image is created by stitching these partial
images. Accurate alignment and measurement can be obtained by
superimposing an object of known geometry of radiation attenuating
material such as a grid covering the region to be imaged and
correcting and aligning the partial images to reconstruct the
geometry of said grid. Such methods are described in European

patent applications EP0919856 and EP0866342.
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In recent years, Digital Radiography (DR) has become a valuable
alternative for CR. The flat panel detectors (FPD) used in DR are
more costly than the IP's for CR, so an alternative to the one-shot
long length imaging technique of CR is needed. This is achieved by
taking plural partial images of an elongate body by moving the
position of the FPD while tilting the X-ray tube or moving the X-ray
tube parallel to the FPD. During this movement, the patient may
move, hereby introducing artifacts which need to be compensated in
the full image re-composition from the partial images. The applied
compensations for the correction of the patient movement may lead to
inaccurate measurements. Inaccurate FPD positioning also decreases

the accuracy of measurements done in the composite image.

An article by Xiaohui Wang, “Fully automatic and reference-
marker-free image stitching method for full-spine and full-leg
imaging with computed radiography”, Proceedings of SPIE, vol. 5368,
1 January 2004, pages 361 - 369 discloses image stitching of partial

images.

In the article by Simon T. Y. Suen et al, “Photographic
stitching with optimized object and color matching based on image
derivatives”, Optics Express, Vol. 15, No. 12, 1 June 2007,
different stitching methods are compared. The article discloses a

theoretical comparison.

It is an object of the present invention to overcome the

drawbacks of the prior art.

SUMMARY OF THE INVENTION

The above-mentioned aspects are realised by a method having the

specific features set out in claim 1.

According to the invention a method is disclosed in which

different computer-implemented stitching methods are applied to a
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set of partial radiation images generated of the elongate body. The
deviation between these stitching methods is determined (by
calculating a measure indicative of this deviation) and a computer-
controlled warning (auditive, visual, ..) is generated if this

deviation exceeds a preset acceptance value (also called threshold).

The method of the present invention is suitable for detecting
patient movement and generating a warning in case patient movement
has occurred in between the recording of partial radiation images of
a body. The warning set out in claim 1 may be an indication of
patient movement. From another point of view this method can be
seen as a method for detecting patient movement during radiation
image recording and generating a warning in case of patient

movement.

In the context of this invention, an elongate body 1s a body
the projection x-ray image of which cannot be taken by means of a
single x-ray exposure of an x-ray detector. The radiation image of
such an elongate body is composed by applying a computer-implemented
stitching method to a set of partial radiation images each
comprising part of the radiation image of the elongate body. An

elongate body is for example a full leg or a full spine.

Different stitching methods may be envisaged.

A first stitching methods is a computer-implemented stitching
method based on theoretical stitching parameters originating from
the set-up of the x-ray source and the detector (positioning,

distance, angle) when the multiple shot irradiation is performed.

Another computer-implemented stitching method is based on the
reconstruction of the image of an object of known geometry such as a
grid of x—ray attenuating material that is recorded together with
the partial images of the elongate body so that each partial image
comprises part of the radiation image of the elongate body and part

of the radiation image of the object of known gecometry. The
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complete radiation image of the elongate body can then be composed
by means of a computer-implemented reconstructing the image of the
object of known geometry thereby also reconstructing the composed

image of the elongate body by means of the partial images.

Still another stitching method is a method in which the
complete image of the elongate body is reconstructed from the
partial radiation images on the basis of user interaction (i.e. the
positioning or aligning of the partial images by the user). The
user positions either manually or by means of an automated system
the partial images in order to reconstruct the complete image of the
elongate body. The user can thus correct effects caused by patient

movement in between multiple partial exposures.

Still other methods may be envisaged.

Specific features for preferred embodiments of the invention

are set out in the dependent claims.

Further advantages and embodiments of the present invention

will become apparent from the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 are illustrations of systems typically used to perform long
length imaging,

Fig. 2 illustrates a degree of freedom for patient movement,

Fig. 3 is a design of a radio translucent plate with X-ray
attenuating crosses placed on a regular grid of 5 by 5 cm,

Fig. 4 is a schematic drawing which illustrates the effect of a
wrongly calibrated system on a length measurement,

Fig. 5 is an illustration of a user interface implementation of the

current invention.

DETAILED DESCRIPTION OF THE INVENTION
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Long length images of an elongate body are mostly taken to
perform length and angle measurements on the subject across an area
larger than a single FPD. A set of partial images is then created
and stitched by means of a computer-implemented stitching method
applied to the digital signal representations of the partial images.

It is important to create a long length image where the
alignment of the partial images of the elongate body in the
resulting image is accurate.

Measurement inaccuracies are caused by the inaccuracies of the
system and/or by patient movement.

Some typical configurations for systems capable to perform long
length imaging are illustrated in Figure 1. The inaccuracies of the
system are mostly related to inaccurate positioning of the X-ray
Imaging Unit (10) or the X-ray generation unit (20). If an object of
known geometry is imaged together with the elongate body,
inaccuracies of the positions can be estimated by comparison of the
parameters to stitch the partial images of the object of known
geometry with the parameters derived from the geometry and the

positions of the system.

Because the acquisition of the partial images takes some time,
the patient will not be able to stand perfectly still. Some methods
exists to minimize the amount of corrections needed to compensate
for the patient movement (see co-pending patent application entitled
‘Method of generating a radiation image of an elongate body’ filed
on April 7, 2011) but none of these are capable to prevent patient

movement.

Comparison between stitch parameters derived from the positions
of the system or from the object of known geometry and stitch
parameters given by the user or automatically extracted from the
subject's projection in the image is a valuable indicator of the

amount of patient movement.

Detection of system inaccuracies
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One embodiment of the method of the present invention is based
on the use of a radiation image of an object of known geometry

superposed on the radiation image of the elongate body.

An example of an object of known geometry which can be used in
the present invention is a radio translucent plate with crosses

placed on a regular grid of 5 by 5 cm as is shown in Figure 3.

A radiation image of the elongate body is obtained by
generating partial radiation images by multiple shot irradiation and
read out of a radiation detector whereby each of the partial images
comprises part of the radiation image of the elongate body and part
of the radiation image of an object of known geometry. The partial
images are then stitched to generate the complete image of the

elongate body.

The complete image of the elongate body and of the object of
known geometry is then used to perform an estimation of the

inaccuracies.

Assume that two partial images A and B have been acquired and
that the stitched image is then created by placing the top left
corner pixel of image B at pixel position (x%s, ys) in image A and
merging the overlapping pixels with a known merging technique. It is
clear that for each position (Xs, ys), a different stitched image is

created.

Measurements on the stitched image covering both images A and B
depend on the position of (Xs, Vs), further referred to as stitch

parameters.

The length d in pixels between pixels (X,,Ya) in image A and

(Xp, Vp) in image B is given by

d =, = (e, +x, )] + (-0 +2,) -
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For a perfectly stitched image on a perfectly calibrated system
without correction for the radiographic magnification factor and
ignoring the x-component as illustrated in the top part of Figure 4,

the distance between the projections of points (0,u) and (yz,u) is

d,=p, =y SID
SR/ R
where u is the distance from the points to the detector and SID is

the Source to Image Distance.

For a mis-calibrated system stitched on a reference point in
the overlap zone, the distance d; between the projections of the
same points is given by

d; =P +(p2 =P ') .

Expressed in the following equations

i 4 W
SID  SID-u
pll :dy+ql

p'Z :dy+QZ

4 N
SID  SID-v
P 4 T
SID  SID—-u

where d, is the amount of miscalibration and v is the distance
between the detector and the point which is used as stitching

reference, simplification for d, gives

: SID SID
d,=d,—-d, + .
SID—u SID-v
Suppose we have a system for which the calibration is incorrect
in the vertical placement by 5cm (d,=5), that the object we want to
measure is 5cm in front of the detector (u=5cm) and it's projection

is 40cm (d,=40), that the object which is used as reference for
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stitching is located 10cm in front of the detector (v=10) and 20cm
lower than the top point of our object (y;=20) and the X-ray source
is located 180cm from the detector (SID=180), the difference between
d, and d,’ is 1.5lmm. This illustrates that an error of 5cm in the
location of the X-ray source results in a measurement error of more

than 1.5mm for an SID of 180cm.

Since measurements are important in long length imaging, it is
essential to minimize the inaccuracies of the system and detect mis-
calibrations. To achieve this, a radiation image 1s recorded of an
object of known geometry superposed on the radiation image of the
elongate body. The total image is generated by stitching partial
images comprising part of the image of the elongate body and part of
the image of the object of known geometry. If the theoretical
computations of the positioning method return (X, ,y.) as the optimal
stitch parameters and stitching the image based on the recorded
image of the object of known geometry results in different stitch
parameters (X4, Yq), the system is not positioned correctly. The
cause of the difference between (x,,Vn) and (X4, Yg) can be an

incorrect calibration of the system.

This incorrect calibration can be detected and reported in many
different ways. For example, a warning to the user can be given
under control of the computer performing the calculation if any of

the following conditions is true

hor

X, =X g[ > threshold

vert

|y,,, - yg| > threshold

Xp =X Vi — Vg " > threshold ,,

where the thresholds are predefined values. These thresholds can be
determined experimentally on a well calibrated system or can be
equal to the maximum expected difference based on the mechanical
characteristics of the system. Other conditions or criteria could be
statistical analysis of the observed values and the expected values,

performance of confidence tests, statistical hypothesis tests or any
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other statistical tests to determine whether a value is acceptable

within the limitations of the system.

Detection of patient movement

If the long length imaging sequence satisfies all acceptance
criteria defined in the section above, detection of patient movement
becomes important to determine the quality of the measurements in
the stitched image. Because patient movement is inevitable for a
method using multiple exposures, the radiographer normally has
access to tools for the correction of the effects caused by the
movement. These tools vary from manual techniques to complete

automatic registration methods.

Suppose the radiographer positions the partial images with
stitch parameters (x,,Va.), an indication of excessive patient

movement can be given if one of the following conditions is true

X, —xg|>th,

or

Ya _yg}>thverl

xa _xg>ya —ygu>thdixl

It is obvious that (x4,Yy) in the above equations can be
replaced with (x,,yn) or that other criteria can be used to determine
if an indication of patient movement is given. The projected amount

of patient movement is given by

movement,,, =X, —X,

movement,,, =V, — ¥,

Implementation

A possible implementation of the invention is illustrated in

Figure 5 which shows a long length image consisting of three partial
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images. Two overlapping regions are shown: one just underneath the
hands and the other at the height of the knees. To the right of the
image, an indication of the amount of patient movement is given. For
the bottom region, the amount of correction applied to obtain a
correct stitched image is lmm vertical and Omm horizontal. This
falls within the limits of the accuracy of our system and no warning

indicator is shown.

For the top region, a vertical displacement of 1.lcm and 2mm is
reported. This patient movement can easily be detected visually when
looking at the right leg but is not apparently visible when looking
the left leg in the image. To alert the user for possible errors
caused by this patient movement, the exclamation mark is shown near

the overlapping region.
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[CLATIMS]

1. A method of generating radiation images of a body, each of said
radiation images being composed by subjecting the same set of
partial radiation images to a different computer-implemented
stitching method, each of said partial radiation images comprising
part of the radiation image of said body and being generated by
multiple shot irradiation and read out of a direct radiography
detector, characterised in that

at least one value indicative of a deviation between the radiation
images resulting from application of said different computer-
implemented stitching methods to the same set of partial images is
determined and a computer-controlled warning is generated if said

value (s) exceeds a preset acceptance value(s).

2. A method according to claim 1 wherein an object of known geometry
is irradiated so that each of said partial images comprises part of
the radiation image of said body and part of the radiation image of
said object of known geometry and wherein one of said stitching
methods is performed on the basis of theoretical stitching
parameters originating from the set-up used for said multiple shot
irradiation and another is performed on the basis of reconstruction
of the radiation image of said object of known geometry from said

partial images.

3. A method according to claim 1 wherein an object of known geometry
is irradiated so that each of said partial images comprises part of
the radiation image of said body and part of the radiation image of
said object of known geometry and wherein one of said stitching
methods is performed by user interaction and another is performed on
the basis of reconstruction of an image of said object of known

geometry.

4. A method according to claim 1 wherein one of said stitching

methods is performed by user interaction and another is performed on



10

15

20

25

30

35

WO 2012/172006 PCT/EP2012/061324

- 12 -

the basis of theoretical stitching parameters originating from the

set-up used for said multiple shot irradiation.

5. A method according to claim 1 wherein said warning is an

indication of patient movement. H
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