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Abstract— A Signal-Image fitted with a model function,
embeds the property of the intensity-curvature content,
which is defined through the math formulae merging
together the signal intensity with the second order
derivatives of the model function. This work presents
one of the measures of the intensity-curvature content,
which is called the Intensity-Curvature Functional along
with qualitative results obtained with Magnetic
Resonance Imaging (MRI) of the human brain and also
with a sample contextual image. The Intensity-
Curvature Functional is calculated in three dimensions
while re-sampling the signal-image with the trivariate
cubic Lagrange interpolation formula and also in two
dimensions while re-sampling using the bivariate cubic
Lagrange interpolation formula. The Intensity-Curvature
Functional is defined as the ratio between the numerator
called intensity-curvature term before interpolation and
the denominator called intensity-curvature term after
interpolation. The intensity-curvature term before
interpolation is calculated through the multiplication
between: (i) the signal intensity and (ii) the sum of the
second order partial derivatives of the model function,
both of them calculated at the grid point. The intensity-
curvature term after interpolation is calculated through
the multiplication between: (i) the signal intensity and
(ii) the sum of second order partial derivatives of the
model function, both of them calculated at the intra-
pixel location chosen to re-sample the signal. Two most
relevant properties are discernible through the Intensity-
Curvature Functional. One property is the intensity-
curvature content, and the other property is that the
signal-image is re-imaged so to create a novel mapping
of the original signal-image from which the Intensity-
Curvature Functional is calculated. The novel mapping
highlights and portraits the original image features under
a different perspective.

Index Terms— Model Function, Second Order Partial

Derivative, Intensity-Curvature Functional, Signal-
Image Content, Trivariate Cubic Lagrange Interpolation
Formula
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I. INTRODUCTION

The Intensity-Curvature Functional has been invented
while describing a novel approach to improve the
approximation properties of the bivariate linear
interpolation function [1] and has been recently studied
while reporting qualitative results obtained with
Magnetic Resonance Imaging [2]. The idea to measure
the signal-image intensity-curvature content is novel in
literature. In this works the measurement of the
intensity-curvature content is performed when the
signal-image has been fitted with a math formula in
order to perform the signal processing technique called
interpolation [3-5]. Within the context of the
measurement of the signal-image content, interpolation
assumes the role of providing the Intensity-Curvature
Functional [6-7] with both of the model function and the
intra-pixel re-sampling location. The intra-pixel re-
sampling location is necessary in order to calculate both
of the signal and the second order partial derivatives of
the interpolation formula (model function).

The benefits of the Intensity-Curvature Functional
have been extensively explored within the domain of the
improvement of the approximation characteristics of the
mathematical functions [6-7]. It is yet to be ascertained
the benefit of the Intensity-Curvature Functional in
terms of its capability to re-image the signal. The
concept of re-imaging the signal consists in creating a
novel map of the signal which highlights characteristics
of the signal-image likewise discernible in the original
form and portrait such characteristics under a different
perspective. For example, this manuscript presents
Intensity-Curvature Functional images which
emphasizes on the intensity-curvature content of human
brain structures such as the sulci (see Fig. 6 and Fig. 7 in
the results section). Thus, the imaging modality chosen
in this work to approach the study of the qualitative
characteristics of the Intensity-Curvature Functional is
the Magnetic Resonance Imaging (MRI) of the human
brain. And, the interpolation formulae chosen to
illustrate the  results are the trivariate and bivariate
cubic Lagrange formulae [7]. As reported earlier [2] the
Intensity-Curvature Functional is a dimensionless
quantity because it is a ratio between terms of the same
nature: the multiplication between the signal-image
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intensity and the sum of second order partial derivatives
of the interpolation function. The signal-image mapping
through the Intensity-Curvature Functional displays the
characteristic of portraying under a different perspective
the features of the original signal-image and this
characteristic is correlated with the math formulation of
the Intensity-Curvature Functional. Naturally, the joint
information content of signal-image intensity with the
sum of second order partial derivatives of the model
function provides the Intensity-Curvature Functional
with the math engineering necessary to measure the
intensity-curvature  content. And, the Intensity-
Curvature Functional can highlight features of the
original signal-image, which are likewise discernible. In
section Il the theoretical background is given along with
the formulation of the trivariate cubic Lagrange
polynomial. In section Il qualitative results obtained
with MRI images of the human brain are presented.
Section IV discusses the requirements for the calculation
of the Intensity-Curvature Functional and the
characteristics of the mapping derived through the
measurement of the signal-image intensity-curvature
content.

Il. THEORY

The theoretical requirements of the model
interpolation function were given in [2]. Formula (1)
supersedes the (1) given in pg. 16 in [2] and it is the
correct one to calculate the Intensity-Curvature
Functional.

AE(X) ={Z; [ £(0) [0°f(x) / %,0X;] -, dX}/

{Z; J' f(x) [0*f(x) 10x;0%] -, dX} Q)

The derivatives included in the sums are all those
partial second order derivatives of the Hessian of the
model interpolation function. The model interpolation
function chosen in this study is the trivariate (three
dimensional) cubic Lagrange interpolation formula
given in (2).

LGRs(X, y,2)=f (0,0,0) + o, -[(1/2) (x +y +2)* -
(X+y+2)?-12(x+y+2)+1]+ o, -[-(1/6) (X +
y+2)° +(x+y+2)*-(11/6) (x +y+2)+1]  (2)

The numerical values of the constants ®; and w, are
sums of the pixel intensity value in the neighborhood of
the pixel to re-sample (f (0, 0, 0)) [7]. The intensity-
curvature term before interpolation Ey(x,y, z) (which is
the numerator of (1)) and the intensity-curvature term
after interpolation En(X,Y, z) (which is the denominator
of (1)) are given in (3) and in (4) respectively.

E,(XV,2)={9-xyz-f(0,0,0)-[-2®, + 2,1} (3)
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Figure 1. In (a), (b), (c) and (d) are shown four slices of an
MRI volume in the proximity of the motor cortex, and in (e),
(P, (g) and (h) are shown the corresponding Intensity-
Curvature Functional maps calculated with (1) when using the
trivariate cubic Lagrange interpolation function to re-sample
of the misplacement of 0.1mm alongall of x, y and z axis
respectively. The pixel matrix size is 182x218 with pixel size
of 1.0mm x 1.0mm.

Where the values of TIV, TT®, 1® and TI® are given
in (5), (6), (7) and (8) respectively.
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En(xy,2)={9-f(0,0,0) -{o, -[3T1"” —2xyz]+ % = (x®yz/5+ x3y*2/9 + x3yz%/9 + x*y2z/4 +
o, [-TI® +2xyz]}+9-{[(3/2) »," -, ®, + (1/6) x*yz2 14+ x3y?2216 + xy°z/5 + x3y°2/9 +
®,"]- I +[-4 0, + (16/3) o, o, - (8/6) ®,"]: xy3z%19 + x2y*z + x?y32216 + xy*z%/4 +

I® +[(1/2) > — (54/6) o, ®, + (23/6) »,°]-T1?®
+[4 w7 +(28/6) ®, ®, - (28/6) »,°]-T1® +[-2 "

x3yz319 + xy3z3/19 + xyz°/5 + x2y?2%/6 +

x2yz*14 + xy2z4 14 + x*y2zi4 + x2y* 214 +

+20,"1xyz}} “) x2y22316 + 4 x3y37 19+ x3y? 2213 +
2,32 4,2 2,32 2,4
m® =(x2yz/2+xy22/2+xy22/2) ©) XY°z2°l3+ X7yz /A + Xy°2°/6 + X“yz
x3y2z213+ 4 x3yz%19 + 4 x%y?Z% 112 +
@ = (x3yz/3+ xyz2/3+ xyz°13+ x?y?212 + x2yz°[2 x°y?2%16 + xy*z% 14+ xy?z 14+ x*y*2% 13+
+xy?2%12) ©) 4x2y*73112 + 4 xy®2°19) (8)
® = (x*yz/4 + x?y3216 + x2yz%/6 + x3yz/3 + I1I. QUALITATIVE RESULTS
x3yz%13+ x2y2z2214 + x3y?2/6 + xy*z/4 + This section reports on the results of the calculation

of the Intensity-Curvature Functional when re-sampling
in three axial dimensions concurrently (Fig. 1 through
+x3yz216 + xy®2%16 + xyz* 14 + x?y?22/4 + Fig. 5) and also in two axial dimensions concurrently
(Fig. 6 and Fig. 7). The images are MRI of the human
brain and a contextual image.

xy?z316 +x%y3z/3+ x%y?z%14+ x y*2°13

x2yz%13+ xy?z3/13) 7)

Figure 2. MRI of the human brain shown in (a), (c), (€), (@), (i) and (k) and the corresponding Intensity-Curvature Functional maps
calculated while re-sampling with the trivariate cubic Lagrange interpolation function of the misplacement of 0.1mm along all of x, y
and z axis concurrently are shown in (b), (d), (f), (h), (j) and (I). The pixel matrix size is 256x256 with pixel size of 1.0mm x 1.0mm.
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Figure 3. MRI of the human brain shown in (a), (c), (¢) and (g). The Intensity-Curvature Functional maps are shown in (b), (d), (f) and (h). All of
model function, misplacements, pixel matrix size and pixel size are the same as those of Fig. 3.

Figure 4. T2 Magnetic Resonance Imaging (MRI) three dimensional volume shown in (a), () and (e) (is Courtesy of: R. S.
Swenson, www.Dartmouth.edu/ ~rswenson/Atlas), and the corregponding Intensity-Curvature Functional slice by slice shown in (b), (d) and (f). The

pixel matrix size is 177x182 andthe voxels ’ sizeis 1.0 mm % 1.0 mm X 1.0mm alongthe edges. The intensitycurvature functional images were
calculated with thetrivariate cubic Lagrange interpolation formula (2) when re-sampling of 0.1mm along all of x, y and z axis concurrently.

In Fig. la the region of the brain enclosed in the
white ellipse is mapped through the Intensity-Curvature
Functional into Fig. 1.e. In Fig. 1.f is noticeable (see
white arrows) the mapping of the white matter seen in
Fig. 1.b. In Figs. 1.c, 1.d the region of the brain inside
the white ellipse is mapped into the region of the brain
seen inside the ellipses of Figs. 1.g and 1.h respectively.
It is worth noting in Figs. 1.g and 1.h the portrait of the
Intensity-Curvature Functional images of the sulci of the

Copyright © 2013 MECS

brain seen in Figs. 1.c and 1.d (see regions of the brain
inside the white ellipses). More in general, Fig. 1 shows
that the mapping of the Intensity-Curvature Functional
is capable to keep the distinction between the white
matter and the grey matter, and this is visible across the
images with the increased gray level seen in the
Intensity-Curvature Functional maps when compared
with the brain images in (a), (b), (c) and (d). In Fig. 2
the MRI is shown along with the Intensity-Curvature
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Functional maps. Specifically, the brain images seen in
@), (©), (), (@), (i) and (k) correlates with the images (b),
(@), (), (h), (j)and (1) respectively.

The most visible feature of the Intensity-Curvature
Functional maps is seen in (b), (d), (f), (h), (j) and (I)
and consists of the portrait of the details of the human
brain cortex along with the cerebellum and the spinal
cord. Most visible is also (as pointed by the white
arrows) the white contour located inside the ventricles.
The MRI of Figs. 1, 2 and 3 belongs to the OASIS
database: www.oasis-brains.org [8-13].

Fig. 3 shows four more slices of the brain volume
seen in Fig. 2 along with the Intensity-Curvature
Functional maps seen in Figs. 3.b, 3.d, 3.f and 3.h. The
white circles in Figs. 3.a, 3.b, 3.c and 3.d enclose the
ventricle of the brain: both in the MRI and in the
Intensity-Curvature Functional; and highlight on the
capability of the Intensity-Curvature Functional to

portrait the features of the original signal-image from
which it is calculated. The white arrows in Figs. 3.e, 3.f,
3.g and 3.h indicate the similarity between the MRI and
the Intensity-Curvature Functional in the large extension
of white matter of the brain.

Fig. 4 is relevant to T2 MRI images and shows the
original data in (a), (c) and (e), and the Intensity-
Curvature Functional in (b), (d) and (f). The white circle
in Fig. 4 hightlights on the similarity between the
original MRI and the mapping seen in the Intensity-
Curvature Functional images, specifically when looking
at the brain ventricles. The white arrows point to the
similarity shown in the mapping of the spinal cord in
Figs. 4.c, 4d, 4.e and 4.f. For the remaining of the
images in Fig. 4, the Intensity-Curvature Functional is
quite effective in mapping both of the white and the
grey matter of the brain.

Figure 5. MRI of the human brain shown in (a), (c), (e) and (g) (courtesy of Casa di Cure Triolo-Zancla, Palermo — Italy) and the
Intensity-Curvature Functional maps shown in (b), (d), (f) and (h). The model function fitted to the image data is the trivariate cubic
Lagrange interpolation function (2). The misplacement employed to re-sample the images is 0.1 mm simultaneously alongall of x, y
and z axis of the coordinate system. The pixel matrix size is 256x256 and the voxels’ size is 1.0 mm x 1.0 mm x 1.0 mm alongthe

edges. The images were cropped of 0.25" along the right and left edges to highlight the region of interest.

Copyright © 2013 MECS
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Figure 6. The MRI in (a) (courtesy of Casa di Cure Triolo-
Zancla, Palermo — Italy) has been used to calcul ate the
Intensity -Curvature Functional image maps seen in (b)

(misplacement: (X, y) = (0.5mm, 0.5mm), in (c) (misplacement:

(%, ¥) = (0.7mm, 0.7mm) and in (d) (misplacement: (x, y)=

(0.9mm, 0.9mm). The images in (b), in (c) and in (d) show a

high level of details (see inside the ellipses), emphasizing on

the structure of the brain sulci. The images were cropped of

0.25" along the right and left edges to focus on the region of
interest.

Fig. 5 is relevant to four slices of an MRI volume
comprising of 26 slices. The trivariate cubic Lagrange
interpolation formula (2) has been fitted to the data and
the Intensity-Curvature Functional was calculated with
(1) and (3) through (8), consistently with all of the 3D
experimentations presented in this manuscript. The
slices are presented in descending oder from (a) through
(), () and (g) and the corresponding Intensity-
Curvature Functional maps which are shown in (b), (d),
(f) and (h) show strong correlation with the MRI,
especially when looking at the eyes (see region inside
the oval in Figs. 5.3, 5.b, 5.c, 5.d, 5. and 5.f), and the
brain structures shown by the white arrows in Figs. 5.a,
5.b, 5.c, 5.d, 5.eand 5.f. In Fig. 5.9 and Fig. h emphasis
is given to the capability of the the Intensity-Curvature
Functional to portrait and highlight characteristics of the
signal-image image specifically in the region of the
cerebellum (as indicated by the white arrows), however
as discernible in the rest of the images it is worth
stressing on the non indifferent capabilities of (1) to
highlight brain images details in all the regions of the
cortical areas, when fitting the signal-image with the
trivariate cubic Lagrange interpolation formula (2).

Another aspect which was investigated is the
potentiality of the Intensity-Curvature Functional to
provide benefits when re-imaging the signal. More
specifically, the research question which was
investigated tends to ascertain as to if it is possible to
discern in the Intensity-Curvature Functional images, a
level of details yet not highlighted as they appear in the
original images.

Copyright © 2013 MECS

To investigate the aforementioned research question,
the Intensity-Curvature Functional was calculated in two
dimensions (on the basis of 2D images), and Fig. 6 and
Fig. 7 provide illustrative results. The two dimensional
cubic Lagrange interpolation formula (9) was used to
calculate the Intensity-Curvature Functional of the
images seen in Fig. 6.a and Fig. 7.3, and the Intensity-
Curvature Functional is shown in Figs. 6.b, 6.c, 6.d and
Figs. 7.b, 7.c, 7.d respectively.

LGR;(X, ¥)=f (0,0) +az [ (1/2) (x +Y)* - (X + y)?
-12(x+y)+1]+a, -[- (1/6) (x + y)* + (x +y)* -
(11/6) (x +y) +1] 9

The coefficints o, and agof (9) are sums of the pixel
intensity values in the neighbourhood of the pixel to re-
sample (0, 0).

Re-sampling was performed at the (X, y) intrapixel
locations of: (0.5mm, 0.5mm) see Figs. 6.b and 7.b;
(0.7mm, 0.7mm) see Figs. 6.c and 7.c; and (0.9mm,
0.9mm) see Figs. 6.d and 7.d. The images in Figs. 6.a
and 7.a have 256x256 pixel matrix size with 1.00mm x
1.00mm pixel size. When looking inside the white
ellipses in Figs. 6.b, 6.cand 6.d; it is possible to discern,
specifically to the brain sulci, a pronounced level of
details, and this behaviour is more visible in Figs. 6.c
and 6.d than it is in Fig. 6.b. Similarly, Figs. 7.b, 7.c and

Figure 7. The MRI in (a) is courtesy of Casa di Cure Triolo-
Zancla, Palermo — Italy, and it has been used to calculate the
Intensity -Curvature Functional image maps seen in (b), (c) and
(d). Re-sampling was performed with a misplacement of (x, y)
= (0.5mm, 0.5mm) in (b), with a misplacement of (x, y) =
(0.7mm, 0.7mm) in (c), and with a misplacement of (x, y)=
(0.9mm, 0.9mm) in (d). The images were cropped of 0.25"
along the right and left edges to highlight the region of interest.
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Figure 8. The original lena image is shown in (a) with a pixel
matrix size of 232x232. The Intensity-Curvature Functional
images obtained when re-sampling with (9) are shown in (b):
misplacement (x, y) = (0.5mm, 0.5 mm), in (¢): misplacement
(%, ¥) =(0.7mm, 0.7 mm), and in (d): misplacement (x, y) =
(0.9mm, 0.9 mm).

7.d show the Intensity-Curvature Functional of the
image shown in Fig. 7.a. The effect of the calculation of
the Intensity-Curvature Functional consists once again
in hightlighting the cortical structure with particular
emphasis on the sulci of the motor cortex, with this
aspect being more accentuated in Fig. 7.c and 7.d than in
Fig. 7.b.

Overall, from Figs. 6.b, 6.c, 6.d, 7.b, 7.c and 7.d, it
can be inferrred that the value of the intra-pixel location
where re-sampling takes place is of relevance in
hightlighting of the original image features of Fig. 6.a
and Fig. 7.a. It is due to remark that the re-imaging
process through the use of the Intensity-Curvature
Functional is novel in literature as well is novel to re-
image Magnetic Resonance Imaging data as shown in
Figs. 1 through 7 of this manuscript.

To complete the presentation of the results, Fig. 8
shows the behavior of the Intensity-Curvature
Functional for a contextual image. In Fig. 8.a is shown
the original image, in Fig. 8.b, 8.c and 8.d are shown the
Intensity-Curvature  Functional maps when the
misplace ment used to re-sample the image with (9) is: (X,
y) = (0.5mm, 0.5mm) in Fig.8.b, (x, y) = (0.7mm,
0.7mm) in Fig. 8.c, and (x, y) = (0.9mm, 0.9mm) in Fig.
8.d. Fig. 8 confirms the findings reported when re-
sampling the MRI images and therefore extends the
domain of application of the Intensity-Curvature
Functional to non MRI imaging.

IV. DISCUSSION AND CONCLUSION

Copyright © 2013 MECS

A. Requirements for the Calculation of the Intensity-
Curvature Functional

To discuss these results it has to be clarified that the
original intent of the Intensity-Curvature Functional was
that one of the improvement of the approximation
characteristics of the interpolation functions [1, 2, 6, 7].
While studying the improved interpolation paradigms it
has become increasingly noticeable the fact that the
Intensity-Curvature  Functional shows the main
characteristic in that of portraying and highlighting the
signal-image feature from which it is calculated. The
aforementioned characteristic of the Intensity-Curvature
Functional is consequential to the use of the joint
information content provided through the intensity-
curvature measurement. Due to report that the intensity-
curvature measure studied here can be calculated when
the following three conditions are met.

One is that a model function (the interpolation
function) is fitted to the signal-image. The second
condition requires that the model function benefits of
the property of second order differentiability, which is
the property of existence of non null valued second
order partial derivatives of the model function. The third
requirement is that the signal-image is re-sampled at an
intra-pixel (2D) or intra-voxel (3D) location.

Indeed, for the calculation of the numerator of (1) the
signal-image is the original one as indicated by the
notation f(0) whereas the second order derivatives are
calculated at the grid point of the pixel matrix either in
2D or in 3D. Whereas, for the calculation of the
denominator of (1), the definition of Intensity-Curvature
Functional given in (1) does require that both of the
signal-image f(x) and the sum of second order partial
derivatives are calculated at the intra-pixel location X,
either in two or three dimensions. Additionally, from (1)
it is not acceptable that the second order partial
derivatives are null because the ratio in (1) cannot admit
null denominator.

B. Characteristics of the Intensity-Curvature Functional

Another non indifferent characteristic of the Intensity-
Curvature Functional is that one of being a direct
measure of the intensity-curvature content, which is a
concept introduced in [2] along with other intensity-
curvature measures and while studying the use of other
interpolation functions.

Although a generalization to all of the model
functions having the property of second order
differentiability is possible [6, 7], the Intensity-
Curvature Functional studied in this manuscript is the
one calculated in three dimensions with the trivariate
cubic Lagrange interpolation function and in two
dimensions with the bivariate cubic Lagrange
interpolation function.

Results confirm the property of the Intensity-
Curvature Functional to be an intensity-curvature
measure of non indifferent importance and this is
demonstrated through the similarity with the signal-
image and through the capability to portraying and
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highlighting, with high level of details, the features of
the signal-image.

Additionally, the possibility to tune the re-imaging
process through the change of the value of the intra-
pixel (2D) or intra-voxel location (3D), provides the
Intensity-Curvature Functional with another feature,
which is that of displaying the original image it derives
from, placing the emphasis on specific or particular
details of the original image. The aforementioned
behavior might offer the possibility to re-image the
signal placing the emphasis on the image details which
are in need to be highlighted and thus may yield a novel
imaging tool to be used to study biomedical images such
for instance the Magnetic Resonance Imaging of the
human brain. The domain of applicability of the
Intensity-Curvature Functional can be extended also to
other imaging modalities as suggested by the data
presented in the results section.

C. Conclusion

In conclusion, the Intensity-Curvature Functional is a
direct measure of the intensity-curvature content of the
signal image. Experimentations with the trivariate cubic
Lagrange interpolation function, which was used to re-
sample the images, confirm the capability of the
aforementioned measure to highlight and reproduce
quite faithfully and generally the level of details of the
signal-image. Experimentations with the bivariate cubic
Lagrange interpolation function, used to re-sample the
original image, instead, reveal the potentiality of the
Intensity Curvature Functional to highlight particular
and specific features of interest in the MRI brain images
as well as in other imaging modalities.

ACKNOWLEDGMENT

Hereto publishing findings that benefit from OASIS
data (http://www.oasis-brains.org/), we are due to
mention the following grant numbers: P50 AG05681,
P01 AG03991, R0O1 AG021910, P20 MH071616, U24
RR021382  (http://www.0asis-brains.org/app/template/
UsageAgreement.vm). The author is very grateful to
Professor Fadi P. Deek, New Jersey Institute of
Technology, U.S.A., for the invaluable suggestions
provided during the developmental efforts of this
research. Formulae (2) through (9) and figures 4.a, 4.c,
4e, 54, 5.c, 5e, 59, 6.a and 7.a are reprinted with
permission from [7].

REFERENCES

[1] Ciulla C. and Deek, F. P. On the approximate
nature of the bivariate linear interpolation function:
A novel scheme based on intensity-curvature.
ICGST - International Journal on Graphics, Vision
and Image Processing, 2005 5(7): 9-19.

[2] Ciulla, C. “On the Signal-lmage Intensity-
Curvature Content”, International Journal of Image,
Graphics and Signal Processing, 2013 5(5): 15-21.

Copyright © 2013 MECS

[3] De Boor, C. A practical guide to splines. Applied
mathematical sciences. Springer-Verlag, 1978.

[4] Unser, M., Aldroubi, A. and Eden, M. B-spline
signal processing: Part | - theory. IEEE
Transactions on Signal Processing, 1993a 41(2):
821-833.

[5] Unser, M., Aldroubi, A. and Eden, M. B-spline
signal processing: Part 1l — efficient design and
applications. IEEE Transactions on Signal
Processing, 1993b 41(2): 834-848.

[6] Ciulla, C. Improved Signal and Image Interpolation
in Biomedical Applications: The Case of Magnetic
Resonance Imaging (MRI) — Medical Information
Science Reference - IGI Global Publisher, Hershey,
PA, U.S.A., 2009.

[7]1 Ciulla, C. Signal Resilient to Interpolation: An
Exploration on the Approximation Properties of the
Mathematical Functions, CreateSpace Publisher,
US.A., 2012.

[8] Buckner, R. L., Head, D., Parker, J., Fotenos, A.F.,
Marcus, D., Morris, J. C. and Snyder, A. Z. A
unified ap-proach for morphometric and functional
data analysis in young, old, and demented adults
using automated atlas-based head size nor-
malization: Reliability and validation against
manual measurement of total intracranial volume,
Neuroimage, 2004 23(2): 724-738.

[9] Fotenos, A. F., Snyder, A. Z., Girton, L. E., Morris,
J. C. and Buckner, R. L. Normative estimates of
cross-sectional and longitudinal brain volume
decline in aging and AD, Neurology, 2005 64:
1032-1039.

[10] Marcus, D. S. Wang, T. H., Parker, J., Csernansky,
J. G., Morris, J. C. and Buckner, R. L. Open
Access Series of Imaging Studies (OASIS): Cross-
sectional MRI data in young, middle aged,
nondemented, and demented older adults, Journal of
Cognitive Neuroscience, 2007 19(9): 1498-1507.

[11] Morris, J. C. The clinical dementia rating (CDR):
current version and scoring rules, Neurology, 1993
43 (11): 2412b-2414b.

[12] Rubin, E. H., Storandt, M., Miller, J. P., Kinscherf,
D. A, Grant, E. A,, Morris, J. C. and Berg, L. A. A
prospective study of cognitive function and onset of
dementia in cognitively healthy elders, Archives of
Neurology, 1998 55(3): 395-401.

[13] Zhang, Y. Brady, M. and Smith, S. Segmentation of
brain MR images through a hidden Markov random
field model and the expectation maximization
algorithm, IEEE Transactions on Medical Imaging,
2001 20(1): 45-57.

1.J. Image, Graphics and Signal Processing, 2013, 10, 36-44



44 The Intensity-Curvature Functional of The Trivariate Cubic Lagrange Interpolation Formula

Carlo Ciulla. Following the
completion of the Doctoral
degree at the New Jersey
Institute of Technology in
USA., Carlo's former
academic appointments were:
Research Associate at Yale
University (2002-2003);
Postdoctoral Scholar at the
University of lowa (2004-
2005); Postdoctoral Scholar at Wayne State University
(2005-2007); Assistant Professor of Computer Science
at Lane College (2007-2009). During the years 2009-
2012 Carlo was a self employed scholar whom devoted
his time to his research interests related to the
development of innovative methods of signal
interpolation and also to the development of educational
software for students. In September 2012 Carlo joined
as Assistant Professor of Computer Science, the
University for Information Science and Technology in
Ohrid, Macedonia.

Copyright © 2013 MECS 1.J. Image, Graphics and Signal Processing, 2013, 10, 36-44



	Introduction
	THEORY
	III. Qualitative Results
	Requirements for the Calculation of the Intensity-Curvature Functional
	Characteristics of the Intensity-Curvature Functional
	Conclusion

	Acknowledgment
	References


