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IMAGE REGISTRATION

The following generally relates to image registration and more particularly to
improving an accuracy of image registration, and is described with particular application to
computed tomography (CT). However, the following is also amenable to other imaging
modalities such as magnetic resonance imaging (MRI), Positron Emission Tomography
(PET), Single Photon Emission Computed Tomography (SPECT), digital radiography, and/or
other imaging modality.

A CT scanner generally includes an x-ray tube supported by a rotating frame.
The rotating frame and the x-ray tube rotate around an examination region, and the x-ray tube
emits radiation that traverses the examination region. A radiation sensitive detector is located
opposite the x-ray tube, across the examination region, and detects radiation that traverses the
examination region. The radiation sensitive detector generates a signal indicative of the
detected radiation. A reconstructor reconstructs the signal, generating volumetric image data.
An image processor can be used to process the image data and generate an image(s).

Image registration has been used to determine a correspondence between a
tissue of interest in images from different image data sets. The application of image
registration is broad, covering dynamic contrast imaging, motion compensation, change
quantification in follow-up studies, etc. Non-rigid image registration is typically
implemented as an iterative process in which an image similarity term (e.g., mutual
information, sum of squared differences) is maximized, while an additional regularization
term keeps the solution in some sense realistic (usually a certain smoothness of the resulting
deformation field is wanted).

High-contrasted image edges (e.g. the diaphragm) are easier to detect than
low-contrasted image edges (e.g., the lower boundary of the liver). As a consequence,
registration schemes tend to align high-contrasted image edges better than low-contrasted
ones. One mitigation approach includes emphasizing the similarity term at the cost of the
regularization term. Unfortunately, the regularization term is needed to achieve a
physiologically plausible result, and a weakened regularization may result in deformation of

bone structures.
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Another approach includes using spatially variable regularization to relax the
regularization term for low-contrasted image edges. However, this requires prior knowledge
such as a detailed segmentation, which may increase time, add complexity, and require user
interaction (e.g., manual segmentation). Another approach includes using landmarks at low-
contrasted image edges. Likewise, this may also require manual user effort to generate and
place the landmarks. Another approach includes segmenting the tissue in all images and
registering the segmented images. This approach is prone to error, e.g., if contrast is low.

Aspects described herein address the above-referenced problems and others.

The following relates to improving an accuracy of image registration at least
in a presence of low-contrasted tissue interfaces by introducing an intensity map, prior to a
registration, and applying it to low-contrasted tissue edges. The registration algorithm does
not need to be modified, but can be modified.

In one aspect, a method includes increasing a dynamic range of a first sub-
range of pixel intensity values of at least two images based on an intensity map, thereby
creating at least two modified images, determining a deformation vector field between the at
least two modified images, and registering the at least two images based on the deformation
vector field.

In another aspect, an image processing system includes a processor and a
memory encoded with at least one image registration instruction. The processor executes the
at least one image registration instruction, which causes the processor to: increase a dynamic
range of a first sub-range of pixel intensity values of at least two images based on an intensity
map, thereby creating at least two modified images; determine a deformation vector field
between the at least two modified images, and register the at least two images based on the
deformation vector field.

In another aspect, a computer readable storage medium is encoded with
computer readable instructions. The computer readable instructions, when executed by a
processer, causes the processor to: obtain at least two images to register, identify tissue of
interest with a low contrasted boundary, obtain an intensity map for the tissue of interest,
apply the intensity map to the at least two images, wherein the intensity map increases a
dynamic range of a first sub-range of pixel intensity values of at least two images, thereby
creating at least two modified images, determine a deformation vector field between the at
least two modified images, and register the at least two images based on the deformation

vector field.
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The invention may take form in various components and arrangements of
components, and in various steps and arrangements of steps. The drawings are only for
purposes of illustrating the preferred embodiments and are not to be construed as limiting the
invention.

FIGURE 1 schematically illustrates an imaging system in connection with an
image processing system including a processor and a memory with an image registration
instruction.

FIGURE 2 schematically illustrates an example of the image registration
module for implementing the image registration instruction that includes a bank of pre-stored
intensity maps.

FIGURE 3 graphically illustrates an example of a high contrasted boundary of
the liver and a low contrasted boundary of the liver.

FIGURE 4 graphically illustrates an intensity map in which a first sub-range
of intensity value are untouched, a second sub-range of intensity values are scaled to increase
a dynamic range therefore, and a third sub-range of intensity values is shifted with a constant
value based on the scaling.

FIGURE 5 graphically illustrates an intensity map in which a first sub-range
of intensity value are untouched, a second sub-range of intensity values are scaled to increase
a dynamic range therefore, a first sub-set of a third sub-range of intensity values is shifted
with a decreasing value based on the scaling, and a second sub-set of the third sub-range of
intensity values is not scaled or shifted.

FIGURE 6 illustrates an example method for improving an accuracy of a
registration in connection with tissue of interest with a low contrasted boundary.

FIGURE 7 schematically illustrates another example of the image registration
module for implementing the image registration instruction that generates the intensity map
on demand.

The following describes an approach to improving an accuracy of a
registration of images, at least with respect to a low-contrasted tissue interface or boundary in
the images. The approach, as discussed in greater detail below, includes using an intensity
map, which increase a dynamic range of the intensity interval for tissue of interest, prior to
determining a deformation field for the registration.

Initially referring to FIGURE 1, an imaging system 100 such as a CT scanner

is illustrated. In other embodiments, the imaging system 100 may additionally or
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alternatively include an MRI scanner, a PET scanner, a SPECT scanner, an X-ray scanner,
and/or other imaging modality scanner.

A generally stationary gantry 102 and a rotating gantry 104, which is rotatably
supported by the stationary gantry 102 and rotates around an examination region 106 about a
Z-axis.

A subject support 108, such as a couch, supports an object or subject in the
examination region 106.

A radiation source 110, such as an x-ray tube, is rotatably supported by the
rotating gantry 104, rotates with the rotating gantry 104, and emits radiation that traverses the
examination region 106.

A radiation sensitive detector array 112 subtends an angular arc opposite the
radiation source 110 across the examination region 106. The radiation sensitive detector
array 112 detects radiation traversing the examination region 106 and generates a signal
indicative thereof for each detected photon.

A reconstructor 114 reconstructs the projection, generating volumetric image
data indicative of a scanned portion of a subject or object located in the imaging region 106.

A computing system or computer serves as an operator console 116. The
console 116 includes a human readable output device such as a monitor and an input device
such as a keyboard, mouse, etc. Software resident on the console 116 allows the operator to
interact with and/or operate the scanner 100 via a graphical user interface (GUI) or otherwise.

An image processing system 118 includes at least one computer processor 120
(e.g., a microprocessor) that executes at least one computer readable instruction stored in
computer readable storage medium, such as physical memory 122 and other non-transitory
storage medium. The at least one processor 120 may also executes a computer readable
instruction(s) carried by a carrier wave, a signal and other transitory medium. In the
illustrated embodiment, the computer readable instruction(s) includes an image registration
instruction(s) 124.

As described in greater detail below, excutation of the image registration
instruction(s) 124 by the at least one computer processor 120 causes generation and/or
selection of an intensity map to apply for image registration. It is to be appreciated that by
introducing the intensity map prior to the registration, low-contrasted image edges are
strengthened and, therefore, aligned more equally or at least more similar to high-contrasted

image edges.
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The intensity map can be determined based on anatomy, imaging protocola,
imaging modality , imaging application, and/or other information. This includes generating
one or more intensity maps and storing the one or more intensity maps for subsequent use
and/or generating an intensity map on demand. Optionally, an intensity map can be
generated based on a segmentation of the tissue of interest. The segmentation can be
automatic, semi-automatic, or manual, requiring user interaction.

FIGURE 2 schematically illustrates an example of an image registration
module 202 for implementing the image registration instruction(s) 124 (FIGURE 1) that
includes pre-generated intensity maps.

The illustrated image registration module 202 receives, as an input, at least
two images to register and outputs at least one of a deformation vector field (also referred to
as motion vector field and deformation map) or registered images. The input images may be
generated by the imaging system 100 and/or other imaging system, and can be obtained from
the imaging system and/or a data repository such as a picture archiving and communication
system (PACS), a radiology information system (RIS), a hospital information system (HIS),
and/or other data repository.

An intensity changer 204 changes an intensity of at least a sub-portion of the
pixels in the images based on an intensity map. This includes scaling intensities of pixels at
edges of tissue of interest with low contrasted tissue boundaries. Such an interface includes,
for example, the lower boundary of the liver. This can be seen in FIGURE 3, which shows a
higher-contrasted liver/diaphragm boundary 302 and a lower-contrasted liver boundary 304.
Tissue other than liver tissue is also contemplated herein.

Returning to FIGURE 2, an intensity map bank 206 includes one or more
intensity maps (intensity map(s)) 208, which are used by the intensity changer 204 to change
pixel intensities. Generally, an intensity map 208 increases the dynamic range (i.e., the
number of intensity levels) for a particular range of pixels corresponding to the particular
tissue of interest. Examples of intensity maps 208 for liver tissue are graphically shown in
FIGURES 4 and 5.

In FIGURE 4, an x-axis 402 represents pixels intensity values of the images to
be registered, a y-axis 404 represents modified pixels intensity values, and a curve 406
represents an intensity map that maps the pixels intensity values of the images to be
registered to the modified pixels intensity values. In the case of CT, the pixel intensity values

can be in Hounsfield units (HU) or other units.
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In this example, all intensities in a first region 408 are mapped 1:1. That is,
the modified pixels intensity values and the pixels intensity values of the images to be
registered are the same. For a second region 410, which represents pixel intensity values of
the tissue of interest, a range of —x to +y is mapped to —x-C and +y+D, where x, y, C and D
are real numbers and integers, and C may or may not be equal to D. The values of C and D
represent a scaling of the dynamic range for the tissue of interest.

By way of example, if x=50, y=50, C=0, and D=200, -x and +y values of -50
and +50 on the x-axis 402 map to —x-C = 50 and +y+D=250 on the y-axis 404 such that there
are 300 values (50+250 =300) to represent the intensity of the tissue of interest rather than
100 values (50+50=100), allowing for greater differentiation of lower contrasted tissue. The
scaling can be linear, as shown, or non-linear, e.g., exponential.

In this example, all intensities in a third region 412 are equally shifted based
on the scaling applied to the region 410. By way of example, continuing with the above
example, intensities above 50 are all shifted by 200. For example, an x-axis value of 100
maps to a y-axis value of 300, an x-axis value of 250 maps to a y-axis value of 450, an x-axis
value of 750 maps to a y-axis value of 950, etc.

In the above example, the intensity value range of the tissue of interest is
symmetric about zero (-50 and +50). In another instance, the range is asymmetric about zero
(-25 and +50), entirely positive (e.g., 50 to 100), or entirely negative (e.g., -50 to -25). In the
above example, the symmetric intensity value range of the tissue of interest (-50 and +50) is
mapped to an asymmetric range (-50 and +250) on the y-axis 404. In another instance, the
symmetric intensity value range of the x-axis 402 is mapped to a symmetric range about zero
on the y-axis 404.

In FIGURE 5, an x-axis 502 represents pixels intensity values of the images to
be registered, a y-axis 504 represents modified pixels intensity values, a curve 506 represents
an intensity map that maps the pixels values of the images to be registered to the modified
pixels values. In this example, all intensities in a first region 508 are mapped 1:1, and the
intensity values in a second region 510 are mapped similar to the mapping of the second
region 410 of FIGURE 4.

Unlike the third region 412 of FIGURE 4, a third region 512 is split into a first
sub-region 514 and a second sub-region 516. The first sub-region 514, instead of being
entirely shifted by the scaling, converges or decreases back to a 1:1 mapping. The

convergence can be linear, as shown, or non-linear, e.g., exponential. The second sub-region
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516 is mapped similar to the mapping of the third region 412 of FIGURE 4, or 1:1. As such,
tissue with a pixel value in the second sub-region 516 retains its original pixel value.

An intensity map 208 can be pre-determined or generated on demand, and the
map bank 206 can store intensity maps 208 for a plurality of different tissues and/or
combinations of tissue. For on-demand generation, the pixel value range for the particular
tissue of interest can be obtained from the input and/or pre-stored in the map bank 206 and/or
other storage. The tissue maps of FIGURES 4 and 5 include a single range that is scaled. In
another instance, a tissue map may scale more than one range.

Returning to FIGURE 2, an intensity map selector 210 selects a suitable
intensity map 208 from the intensity map bank 206 for the intensity shifter 204. As shown,
the intensity map selector 210 does this based on an input. The input can be data indicative
of the tissue of interest or information from which the tissue of interest can be determined
such as anatomy, the imaging protocol, the imaging modality, the particular application,
and/or other information.

A deformation vector field (DVF) generator 212 generates a deformation
vector field for the intensity shifted images. In one non-limiting instance, the DVF generator
212 employs a non-rigid (or elastic) image registration algorithm. A suitable algorithm
includes a representation and parameterization of the mapping between two or more image
domains, an objective function combining an image similarity term and a regularization term,
and an optimization scheme, e.g., gradient descend, conjugate gradients, etc.

The representation and parameterization can include, but is not limited to, grid
of B-Spline control points, or image voxel wise translation vectors. Examples of a similarity
term include, but are not limited to, mutual information, sum of squared differences, intensity
correlation, etc. The regularization term ensures a certain degree of smoothness, by, e.g.,
penalizing first and/or second derivatives of the mapping field. The image similarity term
and regularization term can be weighted, e.g., based on image modality, application, etc.

A registration component 214 registers the input images based on the
generated deformation vector field. Again, the image registration module 202 outputs at least
one of the deformation vector field or the registered images. The output can be visually
displayed, stored, and/or otherwise utilized.

The above example is described in connection with the CT scanner illustrated
in FIGURE 1. As discussed herein, the approach described herein is also applicable to other

imaging modalities. The following describes an approach with MRI images.
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For this, a rough segmentation of the organ of interest is created. The
segmentation does not need to be exact. A distance transform is applied to the surface of the
segmentation. All voxels, M, with a distance smaller than a given threshold (e.g. 20 mm) are
collected.

The histogram of image intensities covered by M is evaluated. One peak of
the histogram will belong to voxels from the organ (homogeneous intensities on the rim of
the organ assumed), and the other peaks will belong to voxels from tissue adjacent to the
organ of interest.

The most prominent peaks are selected. An intensity interval is defined such
that one boundary of the interval is given by the smallest peak value, optionally with an
added negative offset, and another boundary of the interval is given by the largest peak value,
optionally with an added positive offset. The intensity interval is used to construct an
intensity map.

The intensity map can be applied as discussed above in connection with
FIGURE 2 and/or otherwise. For the former, this includes applying the intensity map to the
images, performing an elastic registration, and applying the resulting deformation vector field
to the original input images.

Likewise, the output of the image registration module 202 can be visually
displayed, stored, and/or otherwise utilized.

FIGURE 6 illustrates an example method for improving an accuracy of a
registration in connection with tissue of interest with a low contrasted boundary.

It is to be appreciated that the ordering of the acts is not limiting. As such,
other orderings are contemplated herein. In addition, one or more acts may be omitted and/or
one or more additional acts may be included.

At 602, at least two images to register are obtained.

At 604, tissue of interest with a low contrasted boundary is identified.

At 606, an intensity map is obtained for the tissue of interest, as described
herein and/or otherwise.

At 608, pixel intensity values of at least a sub-portion of the pixels (which
correspond to the tissue of interest) are scaled based on the intensity map.

At 610, a deformation vector field is determined for the intensity scaled
images.

At 612, the original at least two images are registered based on the

deformation vector field.
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The above may be implemented by way of computer readable instructions,
encoded or embedded on computer readable storage medium, which, when executed by a
computer processor(s), cause the processor(s) to carry out the described acts. Additionally or
alternatively, at least one of the computer readable instructions is carried by a signal, carrier
wave or other transitory medium.

FIGURE 7 illustrates a variation of the image registration module 202 of
FIGURE 2. In this variation, image registration module 202 includes an intensity map
generator 702. In this embodiment, the image registration module 202 generates intensity
maps on demand rather than selecting pre-determined intensity maps.

Similarly, the input can include data indicative of the tissue of interest or
information from which the tissue of interest can be determined such as the imaging protocol,
the imaging modality, the particular application, and/or other information. The input may
also include a range of pixel intensity values to scale and/or obtain the range from pre-stored
ranges 704.

The invention has been described with reference to the preferred embodiments.
Modifications and alterations may occur to others upon reading and understanding the
preceding detailed description. It is intended that the invention be constructed as including all
such modifications and alterations insofar as they come within the scope of the appended

claims or the equivalents thereof.
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CLAIMS:

1. A method, comprising:

increasing a dynamic range of a first sub-range (410, 510) of pixel intensity
values of at least two images based on an intensity map, thereby creating at least two
modified images;

determining a deformation vector field between the at least two modified
images; and

registering the at least two image based on the deformation vector field.

2. The method of claim 1, wherein the first sub-range of pixel intensity values

are for tissues of interest with a low contrasted boundary.

3. The method of any of claims 1 to 2, the act of increasing the dynamic range,
comprising:
using the intensity map to map the first sub-range of pixel intensity values to a

wider sub-range of pixel intensity values.

4. The method of claim 3, further comprising:
shifting a second sub-range (412) of pixel intensity values, which are higher
than the first sub-range of pixel intensity values, by a constant value corresponding to the

increase in the dynamic range of the first sub-range of pixel intensity values.

5. The method of claim 3, further comprising:

shifting a first sub-set (514) of a second sub-range (412) of pixel intensity
values, which are higher than the first sub-range of pixel intensity values, by a decreasing
value such that a first value of the first sub-set correspond to the increase in the dynamic
range of the first sub-range of pixel intensity values and a last value of the first sub-set is

shifted by zero.

6. The method of claim 5, wherein a second sub-set (516) of the second sub-
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range of pixel intensity values, which are higher than the first sub-set of pixel intensity values,

are not shifted.

7. The method of any of claims 4 to 6, wherein a third sub-set (408, 508) of the
pixel intensity values, which are lower than the first sub-range of pixel intensity values, are
not shifted.

8. The method of any of claims 1 to 7, wherein the dynamic range is linearly
increased.

0. The method of any of claims 1 to 8, wherein the dynamic range is non-linearly
increased.

10. The method of any of claims 1 to 9, further comprising:

increasing a dynamic range of at least one other sub-range of pixel intensity

values of at least two images.

1. The method of any of claims 1 to 10, further comprising:
receiving an input identifying the tissue of interest; and
selecting the intensity map from a set of intensity maps, each corresponding to

a different tissue, based on the input.

12. The method of any of claims 1 to 10, further comprising:
receiving an input identifying at least the first sub-range of pixel intensity
values; and

generating the intensity map based on the input.

13. The method of any of claims 11 to 12, wherein the input includes at least one
of an anatomy of interest, an imaging protocol, an imaging application, or an imaging

modality

14. An image processing system (118), comprising:
a processor (120);

a memory (122) encoded with at least one image registration instruction (124),
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wherein the processor executes the at least one image registration instruction, which causes
the processor to: increase a dynamic range of a first sub-range of pixel intensity values of at
least two images based on an intensity map, thereby creating at least two modified images;

determine a deformation vector field between the at least two modified images, and register

the at least two image based on the deformation vector field.

15. The system of claim 14, wherein the first sub-range of pixel intensity values

are for tissue of interest with a low contrasted boundary.

16. The system of any of claims 14 to 15, wherein executing the at least one image
registration instruction further causes the processor to: not shift or scale a second sub-set of
the pixel intensity values, which are lower than the first sub-range of pixel intensity values;
and shift at least a sub-portion of a third sub-range of pixel intensity values, which are higher
than the first sub-range of pixel intensity values, by a value corresponding to the increase in

the dynamic range of the first sub-range of pixel intensity values.

17. The system of any of claims 14 to 16, wherein executing the at least one image
registration instruction further causes the processor to: select the intensity map from a set of
intensity maps, each corresponding to a different tissue, based on an input, prior to increasing

the dynamic range.

18. The system of any of claims 14 to 16, wherein executing the at least one image
registration instruction further causes the processor to: generate the intensity map based on an

input, wherein the input at least identifies the first sub-range of pixel intensity values.

19. The system of any of claims 17 to 18, wherein the input includes at least one
of an anatomy of interest, an imaging protocol, an imaging application, or an imaging

modality

20. A computer readable storage medium encoded with computer readable
instructions, which, when executed by a processer, causes the processor to:

obtain at least two images to register;

identify tissue of interest with a low contrasted boundary;

obtain an intensity map for the tissue of interest;
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apply the intensity map to the at least two images, wherein the intensity map
increases a dynamic range of a first sub-range of pixel intensity values of at least two images,
thereby creating at least two modified images;

determine a deformation vector field between the at least two modified images;
and

register the at least two image based on the deformation vector field.
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