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. Abstract: -fimage fusion is the process by which Lwo or more images are combined into a single image retaining
the iniportant leatures [rom each of the original images. Il aims at the inlegration of complementary data to
enhance the information apparent in the tmages as well as to increase the reliability of the interpretation The
suceessful fusion of images acquired [om different modalitics or instrwments 1s of great importance in many
applications such as medical imaging, wnicroscopic imaging, remote sensing, computer vision, and robotics. [n
the preseni work, (our different image (usion techniques were implemented and applied to Computed
Tomography (CT) and Magnetic Resopance imaging (MRI). These are the Laplacian Pyramud, the Wavelet
Transform, the Computationally EMicient Pixel-level [mage Fusion (CEMIF) method, and the Spalial Frequency
Multi-Focus Technique (SFMFT). Fusion results were evalualed according to three measures of performance,
the enlropy, the cross entropy and the spatial frequency. Image fusion techniques were applied to feeilitate
delection of acutc intra-cerebral hemorrhage by fusing MR and CT images at the same level. The fused images
had led to higher delection accuracy than using eilther CT or MR images.
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Abstract: -lmage fusion is the process by which twe or more images are combined inte a single image retaining
the important features from each of the original images. Tt aims at the integration of complementary data to
enhance the inforpation apparent in the images as well as to increase the reliability of the interpretation. The
successiul fusion of images acquired from different modalities or instruments is of great importance in many
applications such as medical iinaging, microscopic imaging, remote sensing, computer vision, and rebotics. In
the preseat work, four different image fusion techniques were implemented and applied to Computed
Temography {CT} and Magnetic Resonance imaging (MRI). These are the Laplacian Pyramid, the Wavelet
Transforin, the Computationally E(ficient Pixel-level Image Fusion (CEMIF) method, and the Spatial Frequency
Multi-Focus Techmique (SFMFT). Fusion results were evaluated according to three measures of performance;
the entropy, the cross entropy and the spatial frequency. Image fusion techniques were applied to facilitate
deteclion of acute intra-cerebral hemorrhage by fusing MRI and CT images at the same level. The fused images

had led 10 higher detection accoracy than using either CT or MR images.

Key-Words:- Image fusion, Laplacian pyramid, CEMIF, spatial frequency, CT, MRI, intra-cerebral hemorrhage.
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I Introduction

Computed  Tomography (CT) is a
specialized X-ray imaging technique. It may
be performed "plain® or after the injection of
a "Contrast Agent”. CT creates the image by
using an array of individual small X-Ray
sensors and a compuler, By spinning the X-
Ray sowrce and the sensor/detectors around
the patient, data is collected from multiple
angles. A computer then processes this
mformation to create an image on the video
screen. These images are called "sections” or
“cuts” becausc Lhey appear to resemble
cross-seciions of the body. This technique
climinates the problem of conventional X-

rays. where all the shadows overlap [1].

Magnclic Resonance Imaging (MRI) is a

dhagnostic  technique that  uses nuclear

magnelic  resonance (o produce  cross-
scclional images ol organs and other internal
body structures. The patient lies inside a
large. hollow cylinder conlaining a strong
electromagnet; which causes the nuclei of
certain atoms in the body (especially those of
hydrogen) 1o align magnetically. The patient
is then subjected 10 radio waves, which cause
the aligned nuclei to fip. When the radio
waves are withdrawn, the puclei return to
their original positions, emitling radio waves
that are then detected by a receiver and
translated into a two-dimensional picture by

computer [2].
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C'T image olfers high resolution m the
visualization of bone structures, but its soft
tissue conirast is poor. Conversely, MR
imaging offers high contrast for the
visualization of the soft tissue morphology,
but it produces weak signal intensity in
bone. Due to their complementary
information, it is desired that both X-ray
computed tomography (CT) and magnetic
resonance mmaging (MRI) are integrated
|3]. To spatially relate the two datasets,
unage fusion techniques are employed.
Fused images are valuable in clinical
diagnosis, tn planning surgery, and in the

image guided surgical interventions.

Non-contrast computed (omography
(CT) is the standard brain imaging study
for the imtial evaluation of patients, with
stroke Magnetic

acute symptoms.

resonance imaging (MRI) has been
proposcd as an aliernative to C'1 in Lhe
emergency stroke setting {13]. However,
the accuracy of MRI relative to CT for the
detection of hyper-acute intra-cerebral
hemorrhage has not been demonstrated
{13]. The present work aims at selecting
the optimal method for fusion of MRI and
CT images. The [used image gives higher
detection accuracy than either MRI or CT

images.

In Section 2, brief background about
four image {usion techniques is jntroduced.

Section 3 presents the results of applying
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thesc techniques to MRIT and CT images. The

conclusions are presented in Section 4.
2 Image Fusion Techniques

[n the present work, four dilferent fusion
approaches have been used. These are lhe
Laplacian Pyramid, the Wavelet Transform,
the Computationally Efficient Pixel-level
Image TFusion (CEMIF) method and the
Spatial Frequency Multi-IFocus Technique
(SFMFT). The first two methods were
selected for being the most representative
approaches. The last two were selecled to
alternative

show  comparisons  with

approaches found in the literature.
2.1 Laplacian Pyramid

The Laplacian Pyramid representation
was introduced by Burt and Adelson [4]. [t is
casy (o implemenl and computationally
cfficient. The Laplacian Pyramid transforin
is specilically designed {or capluring image
details over multiple scales. Each band-pass
level is sampled at precisely its Nyquist
frequency making il less sensitive to noise.
All these properties make the Laplacian
pyrantid transiorm a well-suited
representation for the fusion task. Laplacian
Pyramid implements a pailern seleclive
approach (o image fusion, so thal the
compositc umage is constructed not a pixel at

a fime, but a feature at a time. Given the

image sequence {/,,/,....[ }, the entire

fusion algorithm is outlined by (he

fcllowing steps:
l. Generate a Laplacian pyramid £, for

cach of the images /, .

2. Merge the pyramids L, by taking the

maximum at cach pixel of the pyramid,

obtaining  the¢  Laplacian  pyramid

representation L of the fusion result.

3. Reconstruct the fusion result / from its

Laplacian pyramid representation.

4. Normalize the dynamic range of the
result so that it resides within the range of

[0, 1].
2.2 Wavelet Transform

An alternative to fusion using pyramid
based mulli-resolution representations is
fusion in the wavelet transform domain.
The multiresolution wavelet representation
is argued to be superior in several respects
to that obtained with pyramidal methods

[5):

I. Spatial orientation is introduced in the
wavelet decomposition process, unlike
pyramidal representations which do not

include directional information.

2. The wavelet transform can be tailored to
extract highly salient textures/edges while
suppressing noise through the choice of the
mother wavelet and high- and low-pass

filters.
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3. The different scales in the wavelet

decomposition have a higher degree of
independence than those in the pyramidal
representations, which are correlated with

cach olher,

The wavelet transform decomposes the
image into low-high, high-low, and high-
high spatial frequency bands at different
scales and the low-low band at the coarsest
scale. The L-L band contains the average
image information whercas the other bands
contain directional information due to spatial
values of

bands

orientation,  Higher absolute

wavclel  coclficients  in the  high
correspond to salient features such as edges
or hines, Since larger absolute transform
coclficients correspond to sharper brightness
changes. a good integration rule is lo select,
at every point in the transform domain, the

cocfficients whose absolute values are higher

16).17).
2.3 CEMIF

This fusion system is based on an
adaptive, multi-resolution approach with a
reduced number of levels. The goal of this
technique is (o reduce the computational
complexity of multi-resolution systems. such
as the Laplacian pyramid and Wavelet
transform, while preserving the robustness
and high image quality of multi-resolution
fusion. The speciral decomposition employed

in this system represents a simplified version
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of lhe conventional Gaussian-Laplacian

pyramid approach [8].

Multi-scale structure is simplified into
two levels of scale only, the background
and the foreground levels. The formey
contains the DC component and the
surrounding base-band and represents large
scale features. The latter confains the high
frequency information, which means small
scale features. Signal fusion is performed
at both levels independently. Background
signals, obtained as the direct product of
the average filtering, are combined using
an arithimetic fusion approach. Forcground
signals produced as the difference between
the original and background signals are
fused using a simple pixel-level feature
selection technique. Finally, the resulting,
fused, foreground and background signals

are summed to produce the fused image.

2.4 SFMFET

It is simply a pixel level image fusion
algorithm based on the spatial frequency.
Spatial frequency measures the overall
activity level in an image. It was
demonstrated that it could be used to
reflect the clarity of an image [9]. To
calculaie spatial frequency, consider an
image of size M*N, where M equals to the
number of rows and N the number of

columns. The row and column frequencies

ol the image are given respectively by:
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Where /7(m,n) represents the intensity of the
pixel at row i and column n The total
spatial  lrequency  of the image blocks s

given as:
SF = J(RFY +(CFY 3)

When the nimage gets blurred, the spatial

lrequency diminishes accordingly [10]. As a

result 1L was demonstrated that the spatial

Irequencey can be used (o reficet the clarity of

an image. The spatial  frequency fusion

algorithin consists of the following steps:

I. Decompose the source images 4 and B
into blocks of size MxN. Denote the i
Dlocks of A and 8 by A, and B,
respectively.

2. Compute the spatial frequency for each
block, and c;cnote the spatial frequencies
of A and B, by SF' and SF’

respectively.

Compare the spatial {requencies of two

L}

corresponding blocks 4, and &, and

construet the /™ block £, for the fused

image as:
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SFEA > SE" +TH
F =1:B SF' <SF¥-TH (4

f L L}

{4, + B2 otherwise

Where FH is a user defined threshold
3 Results

In order to perform image fusion, an
initial registration step was performed o
align image pairs, Maximization of mutual
information was the selected algorithm for

all image registration applications.

In the literature, almost all image
fusion evaluations are done qualitatively
because of the user perception factor [11].
However, there are some quantitative
criteria that can be used. Some of them
need an ideal composite image (RMSE,
mutual information, differential entroin),
while some others do not (standard
deviation, cntropy, cross cnlropy, spatial

frequency [12]. In the present work, the

second group of measures was applied.

The standard deviation is defined as the
square root of the variance. It reflects the
sptead 1n the data. Therefore, a high
contrast image will have a high variance,
and a low contrast image will have a low
variance. Due to the dependence of this
measure on illumination, it was excluded
criterion for real

as a performance

apphcations.
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The entropy measures the information
content in an image. The cross-entropy
measures  the  similarity in  information
content between the source and the fused
images.  Spatial  frequency measurcs the
overall activily level in an image {9]. These
three criteria were used lo evaluate the four

fusion techniques.

3.1 Dectection of Intra-cercbral
Hemorrhage

A prospective, multi-center study was
performed  at 2 stroke  centers {UCLA
Medical  Center and  Suburban  [Hospital.
Bethesda., Md), between October 2000 and
February 2003, Patients presenting with focal
siroke symptoms within 6 hours of onset
underwent brain MR followed by non-
contrast CT [13].

Fusion of MRI and CT images can be
helpful (o delecting intra-cerebral
hemorrhage. Twenty 420 x 560 image pairs
were faken as a test sel [13]. They were
divided into l|ll':JC calegories. In casc A, the
hemorrhage was visvalized on MRI, butl not
on C'T. Case B represents regions that were
interpreted as acute hemorrhage on CT but
were interpreted as chronic hemorrhage on
MR, Casc C represents regions (hat were
imterpreled as acute hemorrhage on both CT

and MRI.

CT-MRI image fusion can increase the

accuracy of detection of intra cerebral

hemorrhage. This was achieved by

applying fusion techniques on three cases.

Figure 1 shows an example of inpui CT
and MRI images lor case A. Figure 2
shows the resulis of fusing the two images
to detect intra-cerebral bemorrhage. Table
| presents the quantitative measures of
performance for each algorithm. The
average values for input entropy and input
spatial frequency were 4.806 and 24.9174

respectively.

Figure 3 shows an example of input CT
and MR images for case B. Figure 4 shows
the results of fusing the two images o
detect intra-cerebral hemorrhage. Table 2
presenls the quantitative measures of
performance for each algorithm. The
average values for input entropy and input
spatial frequency were 4.4576 and 24.1322

respectively.

Figure 5 shows an example of input CT
and MRI images for case C. Figure 6
shows the results of fusing the two images
to detect intra-cerebral hemorrhage. Table
3 presents the quantitative measures of
performance for each algorithm. The
average values for input entropy and input
spatial  frequency were 4.5523 and
24.4156.

For all cases, it is noted that all fusion
techniques have led to a fused image that is

qualifatively better than the original ones.
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Using quantitative measures, Wavelet fusion Fusion using SFMFT
has given the highest entropy while the il e
L
CEMIF 1echnique has the ieast value for w
enlropy. ]
CT image -
T _ ™
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Fig. 2 Fusion Results (Case A)

Fig. | The input CT and MR images (case A)

Fusion using Wavelet

- —i —

Fusion using CEMIT

N -
' CT image
Fig. 3 The input CT and MR images
i SO v —— (Case B}
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Table 1 Mean values of performance measurcs

(Case A)

Measure [

Algorithm Eatropy | C.E. S.F.

Laplacian | 4.7330 | -0.040] | 25.6062
Wavelet | 5.0091 | 0.0891 | 25.8398
CEMIF | 43756 | -0.1386 | 2553534
SFMFT | 4.8720 | 0.0675 | 24.8295

[Fusion using Wavelet

L O TR R R

Fusion using SFMFT

Fusion using Laplacian Pyramids

%N owm W am MR W W A e SN W@

Fig. 4 Fusion Results (Case B)

Table 2 Mean values of performance measures

(Case B)

Measure

Algorithm Entropy | C.E. S.F.

Laplacian | 4.5087 | -0.0135 | 25.6546

Wavelet | 4.5674 | 0.0556 | 25.8966

CEMIF | 4.1682 | -0.0183 | 26.0346

SFMFT | 4.4431 | 0.0157 | 23.7540

CT image

Ll
)
e
A
»
i
o
o
Meres ey ey s A ——
- 10 40 ™ - hie o AT = w0 o
MR image
A S S M Rt
o
L
I

. - e ey B e e o
WmooMa W N S0 X9 KD 4N a W0

Fig. 5 The input CT and MR images (case C)
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Fusion using Wavelel
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Fusion using CEMIT

IFig. 6 Fusion Results (Case C)

Table 3 Mean values of performance measures

(Case C)
Measure
Algorithm Entropy C.E. S.F.
Laplacian | 4.338 | -0.0938 | 26.1
Wavelet | 49674 | 0.1247 | 25.667
CEMIF | 45142 | -0.0101 | 26.862
SFMFT | 49598 | 0.1818 | 24.346

4 Conclusions

Four image fusion algonthms have
been applied to multimodalily medical
images. They are based on the Laplacian
CEMIF, the Wavelel
SFMFT. Three

pyramid, the
transform, and the
meaningful performance evaluation metric
based on entropy, cross entropy, and
spatial frequency were used to assess the
effectiveness of different 1mage fusion

algorithms.

Image {usion techniques were utilized
to facilitate detection of acute intra-
cerebral hemorrhage by fusing MRI and
CT images al the same level. Results have
shown that Wavelet method is more
suilable than other techniques for fusing
medical images. In addition, the fused CT-
MRI image contains more information than
the source images. As a conclusion, fusion
of CT and MR images leads to higher
diagnosis accuracy. Thus, image fusion can
be considered as an assistant diagnostic
tool especially when CT and MR scans

give different results.
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