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Abstract

Since 30 medical images such as SFECT and MRI are taken under different patient positioning
and imaging parameters, interpretation of them, as reconstructed originally, docs not provide an easy
and accurate understanding of similarities and differences between them. The problem becomes more
crucial where a clinician would like to map accurately region of interest from one study to the other,
by which some surgical or therapeutical planning may be based,

The research presented here is an investigation into the problems of the registration and display of
brain images obtained by different imaging modalitics, Following the introduction of an efficient
method some clinical useful application of the registration and superimpesition were also defined.

The various widely used registration algorithms were first studied and their advantages and
disadvantages ol cach method were evaluated. In this approach, an edge-based algorithm {called
surface fitting), which arc based on a least-square-distance matching, were suggested for registering of
brain images. This algorithm minimizes the sum ol square-distances between the two surfaces
obtained from two medalities. The minimization is performed to find a set of six geometrical
transformation parameters (3 shifts and 3 rotations) which indicate how one surface should be
transformed in order (o match with the other surface.

Key words: Medical image registration, 30D data Matching, Surface Filling, Super imposition and
display, SPECT imaging.
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definition of the [catures in the interpolated
region between the two slices. The problem
can also be overcome by using a shape-based
interpolation (r ey by which a set of 2D
binary segmented images are interpolated for
a connected 3D external surface,

2y The original images formed by medical
imaging systems are influcnced by system's
physical characteristics such as noise level,
contrast and brightness, The images should be
processed to improve their visual appearance
and thus enhance their clinical interpretation,
In this respect, different methods of image
enhancement {e.g. digital image filtering)
might be used. However, there 15 no uniue
effort to improve the quality of an image with
regard to different observers. Morcover,
different applications might imply different
types of image enhancement.

3y As mentioned above, a set of
transformation  parameters  needs  fo be
obtained as a result of a registration process.
These parameters are uscd as input to a
desired image reformation algorithm  and
display system. This coordinate
transformation is given in respect (o either a

reference coordinate system recognized by

either modalities, or the coordinate system of

one of the medalities. The aim of the
superimposition process is to display both
images  of an object in one  common
coordinale system. In order to calculate the
position of an image pixel being onginally on
any coordinate system and to display it onto 4
display  system, the pixel point must be
transformed from its own coordinate svstem
[xw, vw, ww| into the eye or screen coordinate
system [xs, ys, #5].

[xs, ¥, zs]=[xw, vw, zw][TR] Egu. 1

The transformation matrix [TR] may be
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built up from several rotations and translations
{shifts), determined by the registration
process,

In terms of display types, the most
siraightforward methed is (o display the 2-D
images from different modalities side-tbry-side
on the screen. The original pray-scale image
of one modality (destination image) can be
displayed together with the resampled slice
through the data set of the other study (sece.g.
figures 9.6, 9.7). The decision of the choice of
destination image 15 influenced by the clinical
use and the type of data sets,

Materials and Methods

A registration technique based on surface
fitting was used to register MR with ME,
SPECT (HMPAQ) with MR, and CT with MR
brain images of a munber of patients. Skin
surfaces (scalp) were used when dala sel
involve MR and CT images, whereas, [or
registration of SPECT brain images with MEL
the surface of brain was  used. The
characteristics of the imaging svstems and the
rouling imaging parameters used in the current
project are as follow.

WK scans were performed with a 1.5 Tesla
svstem operated, 20 shees was obtained by a
30 FLASH (Fast Low Angle Shot) method,
Different imaging sequences and paramelers
were used, creating T2=weighted, T1-weighied
and STIR (Short Tan Inversion Recovery)
images. A pixel stve of (070-1 mm (300 mm
field of view., matrix size of 256%256, slice
thickness of 3-6 mm, and a gap of 2-2.5 mm
(when STIR sequence 1 used) was sel i most
siudies. Aciuisition was fypically done with
TE=3.0 sec and TE=90 msec for T2, and
TE=600 msec and TE=15 msec for TI-
weighted  images Transaxial slices  were

usually  obtained starting  few  millimeters
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{about 10 mn) from the top of the head, down
to the base of skull. For the detection of skin
surfaces, a short echo time was applied. STIR
sequence was used to create 2D fat-suppressed
MR images, which makes the detection of the
brain surlaces easier.

SPECT images were created using 99mTc
{Technetium) labeled radiopharmaceuaticals.
The actual resolution of the system was about
% mm at FWIHM (at 10 cm in depth). The data
were acquired after injection of HMPAO
(HexaMethylPropyvlene Amine Oxime) and
transverse scans were reconstructed with a
slice thickness of a size similar to pixel size. A
matrix size of 64%64 gives a pixel size of
about 6 mm at a #oom factor of 1, which was
used to obtain 2D slices. External surfaces
from SPECT can be defined as the outer
envelope of the emission distribution detected
by setting of a threshold value. However,
decisions on threshold value and the type of
threshold  selection  technique are very
important  factors in the accuracy of the
detected brain surface.

YVarious  methods  for  regisiration
developed by other authors were reviewed and
compared. first. Many of these arc based on
registering external reference markers, and are
cumbersomne and cause significant problems
to both patients and  operalors.  Internal
markers such as anatomical poinls have alsoe
been used, bul these may be very difficull 1o
identify, Alternativelv, methods based on
external surface (surface fitting) of scull or
brain have been developed which eliminale
some of the problems associated with the
other methods.

Among different registration techniques,
surlace fitting was used (o register two seis of

brain data obtained under different imaging

il

modalities (MR and  SPECT),  The
fundamental grounds used to select this
registration  method  were:  its ease,
applicability in routine imaging practice, and
power of the algorithm to achieve the resolt
regardless of the internal structure of the
object. The surface-fitting algorithm was first
implemenied by Pelizeari and Chen 1987 on
brain medical images. The basic concepts of
the method remain the same in this project.
However, an attempt was initially made to
overcomne all the obstacles believed to exist in
this method. Some new approaches were also
suggesied mainly with respect to minimization
algorithm (o facilitate the technique for use in
the routine clinical applications.

In this approach, the surface of an
anatomical structure is used to describe the
patient-specific  geometrical  information
inside the coordinate system of cach imaging
modality, These models of surfaces can be
transformed  geometrically in a  spatial
Euclidean ({Cartesian) coordinate system in
order to be brought together into a fit’
position. Since anatomical surfaces (e.g. brain
or head) are not symmetric (such as sphere or
cvlinder), & unique transformation is expected
to match the two surfaces. [t is assumed thal
these surfaces and the images from which they
are derived can be scaled to the same size
based on  the prior knowledge of data
acquisition and imaging parameters, and thus
scaling is not a part of the fitting procedure,
Correction of both data sets for pixel size
prevents any geomelric inconsistency, which
might lead to misregistration

Algorithm

The original 20 or 3D gray level image

data sets are processed and then geometrically

scaled in a preprocessing stage, The external
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surfaces of - both  repistering  objects  are
generated by application of a surface detection
alporithm on serial slices of the pre-processed
data sel, Then, the binary surfaces (being the
sel of voxels Iving on the surface as defined
by the surface detection algorithm in 30
space) are used as primitives o be registered,
The surface to be fitted 1s referred 1o as
objective surface (Po), and the surface which
is transformed at each stage of the fitting

process 1s called transforming surface (Pr).

A
Figore, 1- {a) Sclemalic diagram showing lwo fittang surlice {ie; ohjective surfnoe of MRI
of SPECT ddata sell wand il eruss seation (W) {eeutour of 210 shees) showing the distnes (LS1) belween oorrespending
paints of the two surfaces, obtained by my tracing Tiom sample peints on surface (o centroid {C) of daln set. -

Figure 2 shows a block diagram of the
surface-fitting algorithm as used in the currend
work. As shown in this diagram, the algorithm
consisls of several steps: surface detection,
centroid  and  manual  registration, point
sumpling, point correspondency  (using  an
intersection process), distance measurement.
visual inspection, minimization and finally
evaluation of the mismatch between the wo

surfaces. In the first step of registralion, the
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For the objective surface, a 30 binary surface
(solid model) is used, but lor the (ransforming
surface, in order to save computanon efford,
onlyv a set of points on the surface are selected
for fitting. The distances botween  these
sample points and the surface are then
measured as the mismatch value between the
two surfaces (see figure 1) A Least Square
Distance (LSD) function is defined to evaluate
this  distance  and  to  mimimize  the

misregistration between them.

h
dala ond transforming surlace

centroid of both bmary surface images are
caleulated and transformed to the origin of
coordinate svstem of the objective surface
{eentroid  registration). Alignment of two
centroids brings the two surfaces into a close
position and make the process easier (o
measure the distance between the two data
sels, Manual registration 1z also facilitates
automatic registration process. The knowledge

of system geometrical parameter information,
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and wvisual judgement of overlapping
surface images on viewing screen are essential
for proper manual positioning and registration.

To perform the distance measurement, for
each sample point of the transforming surface,
a corresponding point should be determined
on the objective surface. The corresponding
point is assumed to be at the intersection point
of a ray originated at the centrod, passing
through the sample point of the transforming
surface. and intersecting with the objective
surface. As mentioned above, the fit 15 then
evaluated by a L2 norm least squares distance
function (LED), and minimized in respect of
the  best transformation  parameters.
Accordingly, the mismatch value (L3DY) is the
sum of the squares of the distances between
each individual pair of corresponding points
on the two surfaces, Individual distance errors
can be accumulated as sample points are
examined and this type of error is known as
cumulative distance error (CDE).

In order to minimize the distance function
in  respect o changing transformation
parameters (3 shifls and 3 rotation in %, v, and
z direction as function variables) two types of
local munimization algorithms: the direction
zel methed of Powell, and conjugate gradient
method of Fleicher-Reeves {ep. FRPEMN)
was compared. As shown in this project, the
process  may  nol converge (ooa global
minimum, due to an early detection of a local
minimuom. This response depends highly on
the relative location of the two registering
surfaces from which the minimization starts.
This is the main disadvantage of the local
minuniFalon  process  since i 18 user-
dependent and relies on the manual inleraction
of operator.

In the curremt work a number of
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improvements was performed to the general
surface-Nilling  algorithm. One of the key
improvements is due to the use of a global
minimization  algorithm  (checking anv
possible transformation parameters for the
best fit) which increase the accuracy of the
registration. [n this approach, a strategy 1o
achieve the registration in a reasonable
duration of time owing to two novel
approaches,  sequential  and  multi-grid
regisirations defined in literature (Oghabian M
A and Todd-Pokropek A).

The accuracy and cost of applying the
surface-fitting algorithm were also evaluated.
The accuracy can be defined as the ability 10
Ot the surface images with an acceplable
minimum  musmatch  value.  Measuring
accuracy is easy on phantom images, but the
results are not exactly relevant o actual
clinical images. In the current work the daia
from multl modality imaging of two different
types of phantom., the Hoffman brain
phantom, and the Jaszezak phantom were used
to assess 2-D and  3-D registration,
respectively, The mean LSD values  and
standard deviation afier fitting process was
L44mm and 0.42mm, respectively, for MR-
MR registration, and 3.17mumn and 1, 12mm for
ME-SPECT registration. The clincal daia scis
used for this evaluation are based on two
known arbitrary  ousrcgistered  patient  data
sets, To simulate well known SPECT images,
the original MR images were degraded by a
Gaussian filter to nominal  resolution  of
SPECT svstem and Gaussian noise was added
to them. It was shown in this experiment, that
the accuracy  oblained by MRE-to-ME
registration was of the order of [ woxel
icorresponding to a transformation error ol ]

voxel shift or 1 degree rotanony. This
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accuracy was degraded to about 2,5 voxels for is about 300 seconds) than it is for the
MRE-10-5PECT registration iwhich FRPRMMN's (about 360 seconds as averaged),
corresponds to an error of about 2-3 voxels in The accuracy of real clinical data sels was
shift, or 2-3 degrees in rotation). The timing also obiained by selling lour exiernal markers
response of Powell method was better (which on the head in both studies (e MR and

b
. |
Flgure 3- (a) Shaded surfnce display and crosa seclional contours in three orthogonal planss for ME-MER rng:mtwn
during surfaes fitting process, (b) Regstered 20 images displayed side-by-side. the sample points from transforming
surface are overlaid on 30 surface of the other registering study, {on top left comer).

f b
Flgure 4- (a, b) MR-SPECT registered images displayed side-by-side. Four landmarks which are
visible on '3’ were used o verify surface filting algorithm.



SPECT) and the results from 10 such data

sets were assessed,
This multiple measurcment of the registration
value shows whether the distance values
obtained by the surface fitting process are due
o misregistration (displacement) error, or
other type of errors.

The accuracy obtained by registration of
MR and SPECT data using multi-resolution
surface fitting algorithm was 3 47mm with 8D
of 1.17mm.

The problem of image superimposition
(overlaving and fusing the correlated images)
and display were also assessed The 3D
surfaces displaved in the current work were
based on voxel-based representation methods
to  shade surfaces and display them
realistically during superimposition process.
To improve wvisualization, the wvolume
rendering process was also used for displaving
the skin surface and the surface of some
internal structures of the head {e.g brain,
tumor and ventricles).

Four methods for fusing and displaying the
correlated (registered) images were employed.
The correlated 2D slices from one study were
created by resampling their original gray scale
data oriented along the scan planes of the
other study. The side-by-side display of these
correlated images was then emploved to
provide corresponding clinical information
between the two studies. The contours of
regions of inlerest (e.g. ventricles or tumors)
were superimposed on 2-D gray-scale images
of the other studyv. A linked cursor was used,
moved manually by a mouse digitizer on the
screen, showing the corresponding structures
between the two images. A color-coded
display was also suggested in which different

color ranges (e.g. look-up tables) are assigned
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to the structures (e.g. tissues) of each image.
Hesults and Discussion

Although the registration process was the
main objective of this work and showed to
need much effort for a proper fit, without a
powerful display strategy it is not possible 1o
achieve valuable diagnostic information. In
order 1o produce a 2D-registered slice for
display purpose, the reslicing was performed
by a trilinear gray-scale interpelation process,
The coordinates of the destination slice are
transformed by the resulted registration
parameters in order to obtain the coordinates
of the resliced image. Due to the differences
in gray level range and size of the registered
images, contrast enhancement and linear
image scaling should be further emploved for
a pood interpretation of the images on a
viewing screen. Image filtering (e.g. median
filtering) for noise reduction and color coding
needs o be dome as part of  image
enhancement to improve diagnostic ability.

The 3D shaded display of external surfaces
{head or brain) as shown in figure 3, helps for
understanding 30} spatial position of the
surfaces during surface fitting process.

3D shaded surfaces can also be used to
show the 3D relation of various displayed
ohjects (e.g. tumor and veniricles) in
superimposition (fusion) process.

Tvpical  side-by-side  display of the
registered images is shown in figure 4. The
regions of interest (ROL e.g. tumor) were also
selected manually from MRI study and their
contours, as demonstrated in figures 3, 6, were
superimposed  on 2D aray-scale SPECT
images. As shown in these figures, the
contours of some specific structures such as
brain ventricles in MEI were superimposed on

SPECT shices. A linked cursor as shown in the
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bottom lower half of figures 5 and &, can be context of the other image and displayed
moved, manually, on screen by a mouse in different color coding. The lines passing
digitizer to show the corresponding structures through shaded surfaces (see top lefi images
between the two images. Alternatively, the of figures 5 and &) show the pesition of
ROT from one modality can be mapped on the destination slice on display screen,

LImE CURRRF

Fgure 5- MR-SPECT comelated images showing MR contour of Figure 6~ ME-SPECT comelated images of brain of & 7-month old
ventricles superimposed on resliced SPECT image. A linked cursor is baby after registration process. Side-by-side display of origina MR

dinplayed on the bottom half of the preture. slics with resliced SPECT imige and linked cursor are alao wasd.

Flgure 7- ME-SPECT somelated shoes and 30 registerd surfaces Figure % ME-SPECT-CT correlnted slices disployed side-try-ude
displayed afler registriion proces. Tumor and veslricle  contours after registealion process.
from original MR slice are superimposed on resliced SPECT data



The regisiration process was performed on
the images of twenty different patients. Most
of the patients were children of age less than
sixieen years old. The cases were selected
from the patients whose images showed an
abnormality in one or both modalities. All
scans of each patient were done within a
maximum period of two months,

The MR-SPECT correlation shown in
figures 4 was cobtained using the proposed
fitting process on axial MR slices and
HMPAOQ SPECT images. Four exiernal
landmarks were also used (see figure 4a) for
landmarks registration to verify the surface
fitting algorithm, Both experimental results
and wvisual judgement of displayed correlated
images confirmed reliability of the process.
Figurcs 6 show the ME-SPECT correlated
image of a 7-month old female suffering from
seizures. Axial double echo STIR sequences
were performed to obtain MR images, which
were correlated with HMPAO SPECT data
MR data shows high signal in white matter
alongside the body of right lateral ventricle.
There is also a diffuse area of increased signal
in the right temporo-parietal lobe mvelving
pray matter. As shown in these fipures, the
low wuplake area in SPECT images
corresponds to the abnormal area of MRI

The images shown in figures 7 and 8 were
obtained from a 4-year male paticnt with an
extensive abnormality of left frontal and lel
fronto-parictal regions, The axial T2-weighed
ME images show extensive abnormalities in
white and gray matter of these regions
correlated to both CT and SPECT images.
Involvement of posterior limb of the lefi
internal capsule, and a lesion in the right
striatum  and parietal occipital region is

demonstrated in this image. In one part of
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these images, the contour of some lesions
which are well visualized in MR images has
been placed in the context of SPECT slices
acquired under uptake of HMPAO. As shown
in the correlaled SPECT image, multiple
abnormal signal areas are ohserved, consistent
with ischaemic lesions. This suggests that the
nature of these multiple infarcts is in vascular
distribution of the brain.
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