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Villanueva. Eigensnakes for vessel segmentation in angiography. In Proc. ICPR,

volume 4, pages 340–343, 2000.

[90] L. Sarry and J.-Y. Boire. Three–dimensional tracking of coronary arteries from

biplane angiographic sequences using parameterically deformable models. IEEE

Trans. Med. Imaging, 20(12):1341–1351, Dec 2001.

[91] W.W. Baxter and A.D. McCulloch. In vivo finite element model–based image

analysis of pacemaker lead mechanics. Med. Image Anal., 5:255–270, 2001.

[92] J. Declerck, J. Feldmar, M.L. Goris, and F. Betting. Automatic registration and

alignment on a template of cardiac stress and rest reoriented SPECT images.

IEEE Trans. Med. Imaging, 16(6):727–737, December 1997.

[93] P. Radeva, A. Amini, and J. Huang. Deformable B-solids and implicit snakes

for 3D localization and tracking of SPAMM MRI data. Comput. Vis. Image

Underst., 66(2):163–178, May 1997.

[94] J. Montagnat, H. Delingette, N. Scapel, and N. Ayache. Representation, shape,

topology and evolution of deformable surfaces. Applications to 3D medical im-

age segmentation. Technical Report 3954, INRIA, May 2000.

[95] E. Wellnhofer, A. Wahle, I. Mugaragu, J. Gross, H. Oswald, and E. Fleck.

Validation of an accurate method for three–dimensional reconstruction and



PhD Thesis c© 2003 by Guy Shechter. 169

quantitative assessment of volumes, lengths and diameters of coronary vascular

branches and segments from biplane angiographic projections. Int. J. Card.

Imaging, 15(5):339–353, October 1999.

[96] G. Shechter, C. Ozturk, and E.R. McVeigh. Interactive four–dimensional seg-

mentation of multiple image sets. In Proc. SPIE Med. Imaging, volume 3976,

2000.

[97] R.M. Berne and M.N. Levy. Cardiovascular Physiology, chapter 10, page 225.

Mosby, 7th edition, 1997.

[98] C. Ozturk and E.R. McVeigh. Four dimensional B–spline based motion analysis

of tagged cardiac MR images. In Proc.SPIE Med. Imaging, volume 3660, pages

46–56, February 1999.

[99] A.F. Frangi, W.J. Niessen, R.M. Hoogeveen, T. van Walsum, and M.A.

Viergever. Model–based quantitation of 3-D magnetic resonance angiographic

images. IEEE Trans. Med. Imaging, 18(10):946–956, October 1999.

[100] G. Shechter, C. Ozturk, J.R. Resar, and E.R. McVeigh. Free breathing respira-

tory motion of the heart measured from x–ray coronary angiograms. In Proc.

SPIE Med. Imaging, 2004.

[101] G. Shechter, C. Ozturk, J.R. Resar, and E.R. McVeigh. Respiratory motion of

the heart: Translation, rigid body, affine, or more? In Proc. Soc. Cardiovasc.

Magn. Reson., 2004.

[102] G. Shechter, C. Ozturk, J.R. Resar, and E.R. McVeigh. Respiratory motion of

the heart from free breathing coronary angiograms. IEEE Trans. Med. Imaging,

in press, 2004.

[103] A.M. Weissler, W.S. Harris, and C.D. Schoenfeld. Systolic time intervals in

heart failure in man. Circulation, 37:149–159, 1968.



PhD Thesis c© 2003 by Guy Shechter. 170

[104] D.E. Bohning, B. Carter, S. Liu, and G.M. Pohost. PC-based system for ret-

rospective cardiac and respiratory gating of NMR data. Magn. Reson. Med.,

16:303–316, 1990.

[105] K. Nehrke, P. Börnert, D. Manke, and J.C. Böck. Free–breathing cardiac MR
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Appendix A

The Fourier Transform and 3D

Affine Deformations

In this section, we demonstrate the effect of a spatial 3D affine deformation on the

Fourier representation of an object. Suppose that f(x) = f(x, y, z) has a 3D Fourier

transform F (u) = F (u, v, w). The 3D affine transformation of f can be defined for

points x ∈ f by

A(x) = A.x + t . (A.1)

where A is a 3x3 matrix, and t is a 3x1 translation vector (see Section 2.1.1). If g(x)

is the 3D affine transformation of f(x) then

g(x) = f
(

A−1(x − t)
)

(A.2)

The Fourier transform of g(x) can be written as

G(u) =

∫∫∫

∞

−∞

f
(

A−1(x − t)
)

e−i2π(u·x)dx (A.3)
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Making the substitution of variables x̂ = A−1(x − t), and since dx̂ = |det(A−1)| dx

we obtain

G(u) =
1

|det(A−1)|

∫∫∫

∞

−∞

f(x̂)e−i2π(u·(Ax̂+t))dx̂ (A.4)

=
e−i2π(u·t)

|det(A−1)|

∫∫∫

∞

−∞

f(x̂)e−i2π(u·Ax̂)dx̂ (A.5)

=
e−i2π(u·t)

|det(A−1)|

∫∫∫

∞

−∞

f(x̂)e−i2π(AT u·x̂)dx̂ (A.6)

=
e−i2π(u·t)

|det(A−1)|
F (ATu) (A.7)

To write the inverse mapping, make the variable substitution û = ATu,

G(A−T û) =
e−i2π(A−T û·t)

|det(A−1)|
F (û) , (A.8)

so that

F (û) =
ei2π(A−T û·t)

|det(A)|
G(A−T û). (A.9)
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