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ABSTRACT
We present a multi-scale hybrid approach for aligning multi-modal images employing
correlation and mutual information. We attempt to limit the number of mutual
information calculations required in finding the alignment of atest and reference image
independent of their contrast. The method is not feature-based and does not require the
input images to be pre-processed (i.e., landmarks). We present results from atest
involving the registration of T1 and T2 test images.

1INTRODUCTION
1.1 Overview
The problem of fitting one image into another is commonly referred to as “registration.”
Finding the best possible translation and rotation necessary to align two imagesis one
approach to solving this problem. Registration isa crucial component of many remote
sensing and medical image interpretation applications. Image alignment techniques aid
in volumetric estimations of complicated structures and allow radiologists to accurately
identify changes between sequential images. For example, radiol ogists require image
alignment capabilities when they must compare images of a patient over time to detect
changes. In the case of mammograms, tissue growth can potentially displace and/or
distort regions of cellswithin an image. Other factors such as patient motion or the
inability of technicians to place patients in the same anatomical position during imaging
also show the need for registration.

Numerous image registration techniques exist for correcting the alignment problems
mentioned above; such as, Feature-based/Landmark, Local Error, Correlation, and
Mutual Information. Feature-based approaches are limiting because they depend on
landmarks and pre-placed reference points within images. Images without the reference
points cannot be aligned. Both Local Error and Correlation find possible alignments by
minimizing the overall difference between corresponding pixel intensities within the
images. These error minimization approaches have shown positive results; however, they
fail to align images of dissimilar contrast. Unfortunately, the need to align images
differing in contrast is common since the imaging technique, compression, device
calibration, or image quality all affect contrast. For example, when comparing T1 and T2
classimages, error techniques may fail since these image types vary in their relative
contrast to white matter. [1,2] have shown that multi-modal images can be aligned
successfully by maximizing the mutual information between the images. Unfortunately,
determining shifts and rotations through a pure mutual information approach is
complicated and computationally intensive. In an attempt to exploit the qualities of two
techniques, we consider a hybrid method relying on correlation and mutual information.
We have two main goals: to create a more contrast independent method than correlation
alone, and to achieve an algorithm whose running time is lower than that of an exhaustive
Mutual Information approach.
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2 MULTI-SCALE REGISTRATION METHOD
In this section, we provide the overall framework for our multi-scale approach to register
two images. A multi-scale approach means that multiple iterations will be made over the
two images that are being aligned. For each iteration, sub-blocks of the test and reference
imageswill be aligned. The rotation and tranglation parameters for each block will be
found using our hybrid method. The mathematical concepts and individual alignment
algorithms that are mentioned below will be defined in subsequent sections.

The overall goal of image registration isto compute a molded version of the test
image that is the best-aligned match to the reference image. Our notion of the “best-
aignment” isin terms of finding the overall minimal distance between each pixel of the
two images.

By terming this approach “multi-scale,” we mean that numerous passes are made over
the two images, which involve sub-blocks of theimages. The term “rigid registration”
applies to asingle pass approach with only two blocks that are the full size of the test and
reference images.

At each step, the optimal rotation and trandation is found for the blocksin the test
image that are being aligned with blocks in the reference image. The block sizes
propagate from coarse to fine scales at each of the iterations by a factor of 1/2.

The parameters determined for each block of the test image are the trandation by
(X, Y,) and therotation 6, to best align it with the reference block. Our hybrid

alignment method, which will be described in Section 3, is used to find these parameters
between corresponding blocks. The rotation and translation parameters are then used to
determine a smooth molding map for the entire test image. The test image is molded
using this map to form the new test image for the next iteration. In the next iteration, the
images are subdivided again into blocks that are 1/2 the size of the previous blocks and
the processis repeated. The total number of blocks used at each stage more than doubles
because we overlap the block regions. The agorithm continues until a predetermined
minimum block size isreached. Our code uses template files to obtain the block size and
the location of its center. We do not strictly adhere to halving the block size each time so
that we can add some overlapping blocks. Figure 1 on the next page shows the
breakdown of each block for our template files. The crosses indicate the location of the
center of a block.
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Figure 1. Template filesfor each stage in the multi-scale alignment

During the very first iteration, arigid registration is performed to match the
boundaries of the test and reference images. To perform the rigid aignment, we use the
cross correlation to find the desired rotation and translation. We can use the cross




correlation at this stage because it effectively over-emphasizes the edges of the two
images during the rigid alignment. This step can be skipped if the input image
boundaries already match.

The multi-scale alignment method is explained by following pseudocode:

(Note: For clarity, square images are assumed in the pseudo-code).

/1 Test[i] and Ref[i] refer to the bl ocks of the
/1l test and reference inages

/1 NunmBl ocks and Steps defined in tenplate file
/1l Initialize Block size to full imge

Bl ock size = Ref size

For n = 1 to Steps {
For i = 1 to NunBl ocks {
If (n == 1)
/1 Find block Rotation & Translation Correl ation
Mol dMvap[i]= Correlation(Test[i], Ref[i])
El se
/1 Find block Rotation & Transl ation via Hybrid
Mol dMap[i]= Hybrid(Test[i], Ref[i])
}

/1 Mold the test inage by the conputed Ml dvap
Test = Mol d(Test, Mol dMap)

/1 Adjust Block Size
Bl ock size /= 2

The number of operations in this algorithm is dependent on the running time of the
hybrid method, which will be mentioned when itsimplementation is explained. Mold is
an O(S) time operation, where Sisthe full size of the N x M image matrix. The
correlation isan O(SlogS) operation using the FFT [3]. The running time of the hybrid
method is bounded from below by that of correlation. The running time of the multi-
scale algorithm is O(Steps (INumBlocks[H(S)), where H(S) is the upper bound of the
running time for our hybrid method.

3HYBRID METHOD TO DETERMINE ROTATION AND TRANSLATION
Our hybrid method combines techniques to devise a registration approach requiring less
computation than exhaustive mutual information and which is more contrast independent
than correlation. The next few sections will detail the way in which we incorporate both
correlation and mutual information techniques to perform image registration.

3.1 Hybrid Algorithm

Our agorithm combines pieces of the rotation and translation determination methods that
we discussin detail in section 6. The steps in determining arotation and translation for
aligning ablock of the test image with the reference image are as follows:



Note: NumRotations, NumPeaks, and range are user-defined variables.

3 Usethecrosscorrelation to find rotation angle candidates via the method detailed in
Section 6.1.1. In addition to the max peak’s rotation, store the rotation angles, 6,, of

the other top NumRotations-1.

4 For each possible rotation, calculate the phase only correlation for the two images as
detailed in section 6.1.2. In addition to the max peak’s coordinates, store the (X,,,Y,)

coordinates designated by the other top NumPeaks - 1.

5 Cadculate the mutual infor mation for the NumPeaks trandl ations of NumRotations
rotations and a range around the trand ation peaks.

s Thecoordinates of the max mutual information give the rotation/trandlation answer
for aligning the test image with the reference image.

Figure 2 on the next page summarizes the hybrid alignment procedure.

/_ [ For each rotation ‘ \\

Find top
MumFotdions
rotations Rotate Find top MNumPexks [For each translation
using tast translations using

Correlation image Phase Only alculate MI
k Correlation _/

Take rotation/translation with
the mazimum M1

Figure 2. Hybrid method using correlation and mutual information



3.2 Implementation Overview

The implementation of the hybrid registration approach is primarily in Matlab including
some core routinesin C. A test and areference image are taken as inputs to the program.
The code currently is written to handle grayscale images of size 256 x 256 where the
pixel values range between 1-255 (zero values are excluded to avoid divide by zero
errors).

3.2.1 Block sizes

For each of the iterations, the block size and position is determined from atemplate file.
The template files allow us to easily modify or add block locations for performing the
multiscale registration. Currently, our block size varies from the full 256 pixels down to
aminimum test window size of 32 pixels. Our use of the full or windowed test image
depends on theiteration. When the correlation is used to find the rotation in the initial
rigid aignment pass, equally sized reference and test images are used.

A gaussian filter is passed over the test image prior to calculating the phase only
correlation to find the peaks for trandlation. Thisfilter is used to emphasize the central
elements of the test image and avoid allowing edges to drive the correlation.

For the M1 calculations, the test blocks are set at some fraction of the reference block.
We used test blocks that are 1/2 the size of the reference blocks. The smaller test block
determines the amount each pixel can be translated in the test image to match the
reference image. The square test block can move + length/4 in the x and y directionsto
match the reference block (assuming square images). The diagram below explains the
allowed tranglations:

L/4 L/4
L .
— —
Reference |_/41 Reference 4
L/2 <
Test Tedt
—>
L/4
v
Figure 3. Legal trangleti the test image dimensions

A maximum rotation of up + 24 degreesis allowed within the code. These [imits on the
trandations and rotations are reasonable since the first stage of alignment (using block
sizes of 256 x 256) rigidly align the borders of the images and we do not expect to need
alignments outside these boundaries.

3.2.2 Flow Control

The algorithm isimplemented identically to how it is described in section 3.2.1. The
images are stored in amatrix in Matlab and manipulated throughout various Matlab
scripts. The use of the DFT to calculate the correlation offers enhanced performance as
opposed to an iterative summation. The flow control is primarily dictated by alarge set
of nested for loops. The outermost loop goes through each of the possible NumRotations



rotations. The inner three for loops control going through each of the translation peaks
found from the phase only correlation. For each of these trandlations, we calculate the
mutual information. In addition to the translation identified by the peak, we calculate the
MI for arange of other translations centered about the peak coordinates. Prior to
calculating the M1, the code checks that the trandation is within the allowed L/4 and that
we have not already calculated this M| due to anearby peak. The block of pseudocode
on the next page briefly details this process.



/1 Find NunRotations using cross correlation nethod in
Section 4.2.1

Get Rot ati ons(Test, Ref, 0)

/1 Go through each rotation and find translations
For i = 1 to NunRotations {

/| Rotate the test image by OJi]
Test = Rotate(Test, O[i])

/1 Calculate Phase Only Corr. of Test and Ref inmages
Pcorr = POC(Test, Ref)

/1 Find absol ute peaks fromthe Phase Only Corr.
Peaks = Get Peaks( ABS(Pcorr) )

/1 Get (dx,dy) translations fromthe top NunPeaks
Get Trans( Peaks, dx, dy, NunmPeaks)

/1 Find M for a range around each translation peak

For j = 1 to NunPeaks {
For cols = (dx[j] — range) to (dx[j] + range) {
For rows = (dy[j] -range) to (dy[j] + range) {

/1l Translate Test by (cols, rows)
Test Shift = Transl ate(Test, cols, rows)

/1l Calculate M for TestShift and Reference
M _ans[i,cols,rows] = M (TestShift, Reference)
}
}
}
}

/1l Answer for optimal rot and x,y shift is the max M
Max(M _ans, rot, dx, dy)

Obtaining the candidate rotations and the POC calculation both require O(SIgS)
operations. As mentioned before, arotation and translation of an image can be achieved
in O(S) time, where Sisthefull sizeof the N x M image matrix. The Ml calculation is
also an O(S) time operation. Taking into account these running times, the overall

requirement of the hybrid algorithm is O(NumRotations[5lg S+ NumPeaks [Range” [5) .
NumRotations, NumPeaks, and Range are all user-defined constants that are normally
<12. So, we can say the running time of the hybrid method is O(SIgS). The running

time of an exhaustive M| approach is O(S°).

3.2.3 Calculating the M1 of the Test and Reference Images

For calculating the mutual information, some special care is taken to determine the
mutual information of the smaller test window and the larger reference image. A window
the same size as the test window is chosen from the reference image dependent on the
shift for which we are calculating the M1. As shown in the diagram below, to simulate
the effect of trandating the test image, the shaded window of the reference imageis used
to calculate the M| with the test window for this (dx,,dy,) translation.



we randomly warp the T2 test image as shown on the following page.

Figure 4. Obtaining awindow fr

i

bm the reference image (shaded)

4RESULTS
In this section we illustrate and analyze afull run of our multi-scale approach using the
hybrid method for alignment. A separate diagram is shown for each of the template files
(listed in Figure 1). The referenceimageisaT1 image and the test imageisidentical to
the reference image except that it isa T2 image. To test our multi-scale hybrid method,
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Figure 5. T1 Reference image and a randomly warped T2 test image
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Now, with this randomly warped test image, we are able to run the alignment program for
the T1 reference image and the warped T2 test image. At each step in the multi-scale
algorithm, the test image should converge toward the reference image alignment.
The following diagrams illustrate each step of the multi-scale hybrid alignment

method. In thisrun of the hybrid method, NumRotations = 6, NumPeaks = 2, and

Range =1. Each page represents one iteration of the multi-scale method. The image
marked “reference” isthe T1 image that we are trying to fit the image marked “test” into.
The test image is warped based on its rotation and translation parameters for each block
found with the hybrid method. The “molded test + molded grid” shows where the blocks
of the test image where moved from the iteration. The “error” imageisjust the
difference between the molded test and the reference image. The lower right-hand image
titled “vector” displays the rotation and translation movement for each block of the
template file. The movement of each block isindicated by the length and direction of the
lines. The next few pagesillustrate each of the five steps in the multi-scale alignment.
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Hybrid (numpeaks:2 range: 1), Iteration: 1, block size: 256, using Template 1
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Hybrid (numpeaks:2 range: 1), Iteration: 2, block size: 128, using Template 2a

test

32t

64

96

128

160 |

192t

224+

256
32 64 96 128 160 192 224 256

molded test + molded grid

32 Ll 1] EFE....
8 Y’Iﬂ &
64 < | b
2] 1%

96
128
160
192

224

256

error

32
64
96

128

160

192

224

256
32 64 96 128 160 192 224 256

reference

32 64 96 128 160 192 224 256

molded test+ grid

32 64 96 128 160 192 224 256

vector

32t

C] O] ©
641 000000000

O] © ©
96

© O] ©
128} © O 0O00O0000oOoOo

© © (O]
160

© Ca G
192 ¢ (CHCEUICACACICINCINCE

o ©) G
224 ¢
256

32 64 96 128 160 192 224 256



