
Appendix B

Registration Software User
Guide

The different programs used for registering images in this master’s thesis are
introduced in this appendix. They are either AIR [43] or ITK [44] based
programs written specifically for this thesis. They constitute the set of tools
all the experiments are based on. For the programs that require a specific
file type (AIR / ITK) as input or generate a specific type as output, it is
important to remark which are ITK-based and which ones AIR-based.

Both AIR and ITK programs work with Analyze files (a .img / .hdr
pair) but, when two images are registered, ITK results in a meta-image
deformation field (a ∗.mha file) and AIR into a ∗.warp or ∗.air file containing
the transformation coefficients. The appropriate program must then be run
to apply the deformation: warp for ITK and reslice/reslicepoly for AIR.
Options marked with [ ] are optional.

B.1 List of programs

B.1.1 Preprocessing filters

These filters are thought to be applied to the images before they are reg-
istered in order to try to improve the registration results. It has already
been discussed that this should not be done because tuning the parameters
automatically is a very complicated task, but one may want to experiment
with them anyway. All of them are implemented in ITK.

Rescale filter

rescale input output [max_out]
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Rescales the input image’s values so that the minimum is 0 and the maximum
max out. If this constant is not specified, the default value is 9999 (which
suits our CT images). A value higher than 32.767 should never be used.

Canny edge detection

canny input output variance

Uses the ITK canny edge detection filter defined in the ITK guide [26]. This
filter is widely used for detecting edges because it is the optimal solution sat-
isfying the constraints of good sensitivity, localization and noise robustness.
It turns the resulting binary image into a 16-bit one, rescaling in from 0/1 to
0/9999. A suitable value for our CT data set for the filter variance parameter
is 2.0.

Discrete gaussian filtering

gauss input output variance max_kernel_width

Applies a gaussian filter on the input image. Blurring the image can help
to remove high frequency noise. The higher the variance, the prominent
the blurring. The max kernel width parameter is an integer that limits the
width of the cubic filter kernel (in voxels). A typical choice is to use a value
of 5 - 7. It is also important to point out that the output is scaled to 0-9999.

Gradient anisotropic diffusion

gad input output no_iterations time_step conductance

This filters implements, as described in the ITK guide, an N-dimensional
version of the classic Perona-Malik anisotropic diffusion equation for scalar-
valued images. This filter has the property of blurring the image while keep-
ing the edges, although it tends to enhance them (which may be undesirable).
Typical values for the parameters are: 5 iterations, a time step of 0.05, and
a conductance parameter of 3. This filter scales the output to 0-9999 too.

Curvature anisotropic diffusion

cad input output iterations time_step conductance

use_image_spacing
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This filter performs anisotropic diffusion on an image using a modified curva-
ture diffusion equation (MCDE). This filter is similar to the previous one but
has the advantage of not enhancing edges. Typical values for the parameters
are: 5 iterations, a time step of 0.02, , and use image spacing = 1 (which
means YES, 0 is NO). This filter also scales the output to 0-9999.

Curvature flow

cf input output iterations time_step

Another filter that performs a blurring operation while preserving edges.
In this filter, areas of high curvature will diffuse faster than areas of low
curvature. Hence, small jagged noise artifacts will disappear quickly. The
output is scaled to 0-9999, and typical values of number of iterations and
time step for our application are 10 and 0.0625.

MinMaxCurvature flow

mmcf input output no_iterations time_step neigh_radius

This filter implements a variant of the curvature flow algorithm where diffu-
sion is turned on or off depending of the scale of the noise that one wants to
remove. Typical values for the parameters are 10 iterations, a time step of
0.0625 and a neighborhood radius of just 1. The output is scaled to 0-9999.

Bilateral filter

bf input output domain_sigma range_sigma (typ 6 5)

Still one more filter for smoothing while preserving edges. It uses both do-
main and range neighborhoods. Pixels that are close to a pixel in the image
domain and similar to a pixel in the image range are used to calculate the
filtered value. Two Gaussian kernels (one in the image domain and one in
the image range) are used to smooth the image. The result is an image that
is smoothed in homogeneous regions yet has edges preserved. The result
is similar to anisotropic diffusion but the implementation in non-iterative.
Typical values the standard deviations are 6 (domain) and 5(range). The
output is scaled to 0-9999.

B.1.2 Resizing filters

These filters are used to shrink and expand images. This is especially useful
if one wants to use a pyramidal scheme.
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Shrinking filter

smaller input output factor

Shrinks an scalar image with the given factor, which must be an integer.

Expanding filter

bigger input output factor

Expands a scalar image with the given factor (which must be an integer)
using linear interpolation.

Expanding filter for vector fields

bigger3d input output factor

Expands a vector field with the given factor (which must be an integer).
Linear interpolation is used.

B.1.3 Registration

These programs calculate the transformation parameters between two im-
ages.

AIR linear registration

alignlinear fixed moving output_transform -m model_no [options]

This program uses different linear transformations (depending on the model
number provided) to generate a .air file that can be applied on the moving
image afterwards. The different models are:

6. rigid body 6 parameter model

7. Global rescale 7 parameter model

9. Traditional 9 parameter model

12. Affine 12 parameter model

15.Perspective 15 parameter model

The rest of the options are described with high detail in the AIR manual.
A typical setting is “-h 4 -r 30 -x 2”, which sets the cost function to least
squares, stops after 4 iterations with no improvement, and sets a total limit
of 30 iterations.
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AIR polynomial registration

alignpoly fixed moving output_transform -m model_no [options]

This program uses different polynomial transformations (depending on the
model number provided) to generate a .warp file that can be applied on the
moving image afterwards. The different models are:

1. first order linear 12 parameter model

2. second order nonlinear 30 parameter model

3. third order nonlinear 60 parameter model

4. fourth order nonlinear 105 parameter model

5. fifth order nonlinear 168 parameter model

6. sixth order nonlinear 252 parameter model

7. seventh order nonlinear 360 parameter model

8. eighth order nonlinear 495 parameter model

9. ninth order nonlinear 660 parameter model

10. tenth order nonlinear 858 parameter model

11. eleventh order nonlinear 1092 parameter model

12. twelfth order nonlinear 1365 parameter model

The rest of the options are almost identical to those for the previous program,
and are of course described in the AIR manual.

Demons algorithm (ITK)

demons1 fixed moving histo_no match_no...

... iterations sigma field [initial_field]

This program uses the “demons” deformable registration algorithm proposed
at [24] in order to estimate the deformation field that turns the moving image
into the reference one. As the algorithm is based on that equivalent voxels
have the same value in the two images, a histogram matching operation can
be performed as a preprocessing step.
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An image’s histogram is just a function of the number of counts against
the different pixel values. In this program, histo no represents the number
of histogram levels (the number of histogram regions in which the pixels will
be grouped) and match no tells how many levels are to be matched. A way
of skipping this step is to set them to 1 and 0 respectively. Otherwise, 1024
and 7 work quite well on our images.

The iterations parameter is usually around 50, and sigma is the standard
deviation of the gaussian filter that smoothes the deformation field after each
iteration in order to keep a certain coherence between adjacent vectors. A
typical value is 1. The field parameter is the name of the .mha output file
and inital field is the initial value for the solution in the iterative process.
If not provided, a zero field is used.

Fast demons algorithm (ITK)

demons2 fixed moving histo_no match_no...

... iterations sigma field [initial_field]

This program works exactly in the same way as the previous one but uses a
faster version of the algorithm [25]. By applying field to the input image one
gets the registered one. Voxels at non-grid positions are linearly interpolated,
which is quite fast. The parameters are exactly the same ones, and take the
same typical values. The number of iterations can be reduced, though, as
the algorithm converges faster.

B.1.4 Operations

These filters are used to apply previously calculated transformations or to
combine them.

Field compose (ITK)

compose_field field_1 field_2 output

Calculates the composition of two fields, that is, the equivalent one to apply-
ing field 1 first and then field 2. At every point P , the v1 vector defined by
the first field is taken and added to P in order to get P2. Then it is possible
to evaluate the value of the second field vector v2 at P2 (interpolating, if
necessary) and add it to this point to find out the final point P3. This is
where the pixel at P would end up. The equivalent field at the original point
is the difference vector between P3 and P .



B.1. LIST OF PROGRAMS 113

Warping (ITK)

warp input field output [interpolation_method]

Applies a deformation field to an image in order to generate the output.
Voxels at non-grid positions are interpolated. Bsplines of the given order are
used for this, with a maximum order of 5. Order 0 is equivalent to nearest
neighbor, and order 1 (which is the default value) to linear interpolation. If
higher orders are used, the first derivative is kept continuous, but it takes
longer time to calculate.

Deformation field inversion (ITK)

inverse_field input output [no_iterations]

Tries to invert a deformation field, saving a registration process if one wants
the fixed and moving images’ roles to be exchanged. There is not any ana-
lytical solution to this problem: this program is based on a iterative process
that will not lead in general to an exact solution. The default number of
iterations is 64.

AIR Linear warping

reslice air_file output [options]

Applies a given transformation file (∗.air) to generate the registered output
image. Please note that the input image name is embedded in the transfor-
mation file and hence not required. The options are described in the AIR
manual. A typical choice may be“-n 1” to use trilinear interpolation to find
out the values for the pixels at non-grid positions, or “-n 5” for a 3D win-
dowed sinc function.

AIR Polynomial warping

reslicepoly warp_file output. [options]

Applies a given transformation file (∗.warp) to generate the registered output
image. As in the previous one, the input image name is not required. The
options are almost the same than in the previous program, and can be checked
in the AIR manual. “-n 1” or “-n 5” are still typical choices.
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AIR Linear transformation inversion

invert_air input output

This program inverts the linear transformation matrix stored in the input .air
file and stores the result in the output file. It saves running another linear
registration if one wants the fixed and moving images’ roles to be exchanged.

B.2 Examples

For illustrating the use of the above described software, an example of batch
file will be examined. The improved demons algorithm and pyramidal process-
ing are used in order to register two images (the reference is pos1.img, the
moving image is pos2.img) and also generate the resulting one. Pyramidal
processing is a very important technique that can reduce the total computa-
tion time dramatically. It consists of registering shrunk versions of the image
in order to use the result as a starting point for the full image deformation
field. In this example, a three level pyramid will be used.

The first step is to calculate the shrunk versions:

smaller pos1.img pos1_4.img 4

smaller pos2.img pos2_4.img 4

smaller pos1.img pos1_2.img 2

smaller pos2.img pos2_2.img 2

One can then register the quarter-sized images:

demons2 pos1_4.img pos2_4.img 1 0 5 1 field_4.mha

The resulting field is expanded so that it corresponds to a half-sized image:

bigger3d field_4.mha field_2b.mha 2

And now it is possible to register the half-sized images using the recently
calculated field as starting solution:

demons2 pos1_2.img pos2_2.img 1 0 3 1 field_2.mha field_2b.mha

The process is repeated once more in order to get the full-size solution
field:

bigger3d field_2.mha field_b.mha 2

demons2 pos1.img pos2.img 1 0 2 1 field.mha field_b.mha
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The field can finally be applied to the moving input to get the registered
image:

warp pos2.img field.mha res.img

A last step consists of removing the temporary files:

del field_4.*

del field_2b.*

del field_2.*

del field_b.*

del pos1_2.*

del pos1_4.*

del pos2_2.*

del pos2_4.*

B.3 Image Samples

Some samples are shown in order to illustrate the effects that the different
programs have on images. All the images are slices extracted from a CT 3D
volume. In figure B.1 the results from applying different filters on a CT slice
are shown. The typical values mentioned in the previous section have been
used for every filter.

In figure B.2, the deformable registration process with the improved
demons algorithm is shown. The resulting registered image is displayed after
one, two, four and eight iterations. It can be appreciated how it becomes
more and more similar to the reference one, being almost identical after eight
iterations. It is important to remark that the “hole” that is created on the
left side does not come from nowhere, but from a different slice located at a
different z position.
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Figure B.1: a) Reference CT slice b) Edge detection filter c) Gaussian filter
d) Blurring filter with edge preservation (MinMax Curvature Flow)
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Figure B.2: Improved demons registration process a) Original moving image
b) Moving image after 1 iteration c) 2 iterations d) 4 iterations e) 8 iterations
f) Fixed image
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