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Chapter 1

Introduction

1.1 Background

1.1.1 Physiological foundations of cardiac tissue characterization
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�B�K���;�2 �[�m���H�B�i�v ���M�/ �T���`���K�2�i�2�` ���+�+�m�`���+�v �(�R�)�X

Respiratory motion

�P�M�2 �Q�7 �i�?�2 �K���B�M �Q�#�b�i���+�H�2�b �B�b �`�2�b�T�B�`���i�Q�`�v �K�Q�i�B�Q�M�X ���b �i�?�2 �/�B���T�?�`���;�K �K�Q�p�2�b �/�m�`�B�M�;

�B�M�b�T�B�`���i�B�Q�M ���M�/ �2�t�T�B�`���i�B�Q�M�- �i�?�2 �?�2���`�i �m�M�/�2�`�;�Q�2�b �b�m�#�b�i���M�i�B���H �/�B�b�T�H���+�2�K�2�M�i �i�?�`�Q�m�;�? �i�?�2

�B�K���;�B�M�; �T�H���M�2�X �h�?�B�b �H�2���/�b �i�Q �B�M�i�2�`�@�7�`���K�2 �K�B�b���H�B�;�M�K�2�M�i �B�M �i�?�2 �b�2�`�B�2�b �Q�7 �B�M�p�2�`�b�B�Q�M�@�`�2�+�Q�p�2�`�v

�Q�` �b���i�m�`���i�B�Q�M�@�`�2�+�Q�p�2�`�v �B�K���;�2�b �`�2�[�m�B�`�2�/ �7�Q�` �+�m�`�p�2 �}�i�i�B�M�; �(�3�-�N�)�X �6�B�;�m�`�2�R�X�k�B�H�H�m�b�i�`���i�2�b �?�Q�r

�/�B���T�?�`���;�K �b�?�B�7�i�b �/�m�`�B�M�; �i�?�2 �#�`�2���i�?�B�M�; �+�v�+�H�2 �+���M �/�B�b�T�H���+�2 �i�?�2 �+���`�/�B���+ �B�K���;�B�M�; �T�H���M�2�,

�T���M�2�H �U���V �b�?�Q�r�b �� �b�+�?�2�K���i�B�+ �Q�7 �/�B���T�?�`���;�K�@�B�M�/�m�+�2�/ �i�`���M�b�H���i�B�Q�M �`�2�H���i�B�p�2 �i�Q �� �}�t�2�/ �b�H�B�+�2�-

���M�/ �T���M�2�H �U�#�V �b�?�Q�r�b �`�2���H�@�i�B�K�2 �J�_ �B�K���;�2�b �r�?�2�`�2 �i�?�2 �?�2���`�i �p�B�b�B�#�H�v �K�Q�p�2�b �i�?�`�Q�m�;�? �i�?�2

�b�H�B�+�2�X �q�B�i�?�Q�m�i �+�Q�`�`�2�+�i�B�Q�M�- �i�?�2�b�2 �b�?�B�7�i�b �/�B�b�i�Q�`�i �b�B�;�M���H �B�M�i�2�M�b�B�i�B�2�b ���M�/ �#�B���b �i�?�2 �2�b�i�B�K���i�2�/T1

�p���H�m�2�b�X �"�2�v�Q�M�/ �b�B�K�T�H�2 �K�B�b���H�B�;�M�K�2�M�i�- ���/�/�B�i�B�Q�M���H �+�?���H�H�2�M�;�2�b ���`�B�b�2 �7�`�Q�K �p���`�v�B�M�; �+�Q�M�i�`���b�i

���+�`�Q�b�b �B�M�p�2�`�b�B�Q�M �i�B�K�2�b�- �B�M�+�H�m�/�B�M�; �T���`�i�B���H �p�Q�H�m�K�2 �2�z�2�+�i�b ���M�/ �b�B�;�M���H �M�m�H�H�B�M�; �M�2���` �i�?�2 �x�2�`�Q�@

�+�`�Q�b�b�B�M�; �Q�7 �i�?�2 �`�2�+�Q�p�2�`�v �+�m�`�p�2�X �h�?�2�b�2 �2�z�2�+�i�b �+�Q�K�T�H�B�+���i�2 �`�2�;�B�b�i�`���i�B�Q�M ���M�/ �+���M �H�2���/ �i�Q �M�Q�M�@

�T�?�v�b�B�+���H �/�2�7�Q�`�K���i�B�Q�M�b �B�7 �M�Q�i �T�`�Q�T�2�`�H�v ���/�/�`�2�b�b�2�/ �(�3�-�N�)�X �q�?�B�H�2 �#�`�2���i�?�@�?�Q�H�/ ���+�[�m�B�b�B�i�B�Q�M�b

�K�B�i�B�;���i�2 �K�Q�i�B�Q�M ���`�i�B�7���+�i�b�- �i�?�2�v ���`�2 �M�Q�i ���H�r���v�b �7�2���b�B�#�H�2 �B�M �`�Q�m�i�B�M�2 �+�H�B�M�B�+���H �T�`���+�i�B�+�2 �Q�` �B�M

�T���i�B�2�M�i�b �r�B�i�? �H�B�K�B�i�2�/ �+�Q�K�T�H�B���M�+�2�X �h�?�m�b�- �7�`�2�2�@�#�`�2���i�?�B�M�; �B�K���;�B�M�; �+�Q�K�#�B�M�2�/ �r�B�i�? �K�Q�i�B�Q�M

�+�Q�`�`�2�+�i�B�Q�M �#�2�+�Q�K�2�b �2�b�b�2�M�i�B���H �(�d�)�X
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�U���V �a�+�?�2�K���i�B�+ �`�2�T�`�2�b�2�M�i���i�B�Q�M �U�#�V �_�2���H�@�i�B�K�2 �J�_ �B�K���;�2�b

�6�B�;�m�`�2 �R�X�k�, �_�2�b�T�B�`���i�Q�`�v �K�Q�i�B�Q�M �/�m�`�B�M�; �7�`�2�2�@�#�`�2���i�?�B�M�; �*�J�_�X �U���V �a�+�?�2�K���i�B�+ �b�?�Q�r�B�M�; �?�Q�r
�/�B���T�?�`���;�K �/�B�b�T�H���+�2�K�2�M�i �i�`���M�b�H���i�2�b �i�?�2 �?�2���`�i �`�2�H���i�B�p�2 �i�Q �i�?�2 �}�t�2�/ �B�K���;�B�M�; �T�H���M�2�X �U�#�V
�_�2���H�@�i�B�K�2 �J�_ �B�K���;�2�b �Q�7 �i�?�2 �/�B���T�?�`���;�K ���M�/ �?�2���`�i ���+�`�Q�b�b �� �`�2�b�T�B�`���i�Q�`�v �+�v�+�H�2�- �?�B�;�?�H�B�;�?�i�@
�B�M�; �B�M�i�2�`�@�7�`���K�2 �K�B�b���H�B�;�M�K�2�M�i�X �"�Q�i�? �/�2�K�Q�M�b�i�`���i�2 �?�Q�r �`�2�b�T�B�`���i�Q�`�v �K�Q�i�B�Q�M �+���M �+�Q�`�`�m�T�i
�`�2�H���t���i�B�Q�M �+�m�`�p�2 �}�i�i�B�M�; ���M�/ �B�K�T���B�`T1 �K���T ���+�+�m�`���+�v�X ���/���T�i�2�/ �7�`�Q�K �(�R�y�)�X

Cardiac motion and arrhythmia

���M�Q�i�?�2�` �+�?���H�H�2�M�;�2 ���`�B�b�2�b �7�`�Q�K �+���`�/�B���+ �K�Q�i�B�Q�M �B�i�b�2�H�7�XT1 �K���T�T�B�M�; �`�2�H�B�2�b �Q�M �1�*�: �;���i�B�M�;�-

�#�m�i �?�2���`�i �`���i�2 �p���`�B���#�B�H�B�i�v �Q�` ���`�`�?�v�i�?�K�B���b �+���M �+���m�b�2 �B�`�`�2�;�m�H���` �b���K�T�H�B�M�; �Q�7 �i�?�2 �K���;�M�2�@

�i�B�x���i�B�Q�M �`�2�+�Q�p�2�`�v �+�m�`�p�2�X �a�2�[�m�2�M�+�2�b �b�m�+�? ���b �J�P�G�G�A ���M�/ �a���a�>�� ���`�2 �b�2�M�b�B�i�B�p�2 �i�Q �i�?�2�b�2

�p���`�B���i�B�Q�M�b�- �`�2�b�m�H�i�B�M�; �B�M �B�M���+�+�m�`���i�2 �Q�` �B�M�+�Q�M�b�B�b�i�2�M�iT1 �p���H�m�2�b�- �T���`�i�B�+�m�H���`�H�v �B�M �T���i�B�2�M�i�b

�r�B�i�? ���`�`�?�v�i�?�K�B���b �(�R�R�-�R�k�)�X �h�?�B�b �H�B�K�B�i���i�B�Q�M �B�b �2�b�T�2�+�B���H�H�v �+�`�B�i�B�+���H �B�M �T�Q�T�m�H���i�B�Q�M�b �r�?�2�`�2T1

�K���T�T�B�M�; �+�Q�m�H�/ �#�2 �K�Q�b�i �+�H�B�M�B�+���H�H�v �B�M�7�Q�`�K���i�B�p�2�X

Sequence-dependent biases

�.�B�z�2�`�2�M�i �T�m�H�b�2 �b�2�[�m�2�M�+�2�b �B�M�i�`�Q�/�m�+�2 �i�?�2�B�` �Q�r�M �b�v�b�i�2�K���i�B�+ �#�B���b�2�b�X �6�Q�` �2�t���K�T�H�2�- �J�P�G�G�A

�i�2�M�/�b �i�Q �m�M�/�2�`�2�b�i�B�K���i�2 �i�`�m�2T1 �p���H�m�2�b �/�m�2 �i�QT2 �b�2�M�b�B�i�B�p�B�i�v ���M�/ �K���;�M�2�i�B�x���i�B�Q�M �i�`���M�b�7�2�`

�2�z�2�+�i�b �(�R�R�-�R�)�- �r�?�2�`�2���b �a���a�>�� �T�`�Q�p�B�/�2�b �K�Q�`�2 ���+�+�m�`���i�2 �p���H�m�2�b �#�m�i �r�B�i�? �H�Q�r�2�` �T�`�2�+�B�b�B�Q�M

�(�R�k�)�X �a�h�P�L�1 �2�t�i�2�M�/�b �+�Q�p�2�`���;�2 ���+�`�Q�b�b �K�m�H�i�B�T�H�2 �b�H�B�+�2�b ���M�/ �Q�z�2�`�b �?�B�;�?�2�` ���+�+�m�`���+�v�- �#�m�i �B�i

�`�2�[�m�B�`�2�b �K�Q�i�B�Q�M �+�Q�`�`�2�+�i�B�Q�M �b�i�`���i�2�;�B�2�b �i�Q �7�m�H�H�v �`�2���H�B�x�2 �B�i�b �T�Q�i�2�M�i�B���H �(�d�)�X �h�?�2�b�2 �/�B�z�2�`�2�M�+�2�b

�+�Q�K�T�H�B�+���i�2 �b�i���M�/���`�/�B�x���i�B�Q�M ���+�`�Q�b�b �+�2�M�i�2�`�b ���M�/ �b�+���M�M�2�`�b�- �K���F�B�M�; �`�2�T�`�Q�/�m�+�B�#�B�H�B�i�v �� �F�2�v

�+�?���H�H�2�M�;�2 �7�Q�` �#�`�Q���/�2�` �+�H�B�M�B�+���H ���/�Q�T�i�B�Q�M �(�R�)�X

1.3 Previous Works on Motion Compensation

1.3.1 Image registration for motion correction

�S�`�2�p�B�Q�m�b �r�Q�`�F�b ���B�K�2�/ ���i �K�Q�i�B�Q�M�@�`�Q�#�m�b�i �+���`�/�B���+T1 �K���T�T�B�M�; �+���M �#�2 �/�B�p�B�/�2�/ �B�M�i�Q �+�H���b�@

�b�B�+���H ���T�T�`�Q���+�?�2�b ���M�/ �K�Q�`�2 �`�2�+�2�M�i �/�2�2�T�@�H�2���`�M�B�M�;���#���b�2�/ ���T�T�`�Q���+�?�2�b�X �*�H���b�b�B�+���H �K�2�i�?�Q�/�b

�T�`�B�K���`�B�H�v �`�2�H�v �Q�M �K�Q�/�2�H�@�#���b�2�/ �i�2�+�?�M�B�[�m�2�b ���M�/ �B�i�2�`���i�B�p�2 ���H�;�Q�`�B�i�?�K�b �i�Q �K�B�i�B�;���i�2 �B�M�i�2�M�b�B�i�v

�p���`�B���i�B�Q�M�b �#�2�i�r�2�2�M �7�`���K�2�b�X �J�Q�`�2 �`�2�+�2�M�i�H�v�- �/�2�2�T �H�2���`�M�B�M�; �K�2�i�?�Q�/�b �?���p�2 �2�K�2�`�;�2�/�- �H�2�p�2�`�@

���;�B�M�; �H���`�;�2 �/���i���b�2�i�b ���M�/ �M�2�m�`���H �M�2�i�r�Q�`�F ���`�+�?�B�i�2�+�i�m�`�2�b �i�Q �2�M�?���M�+�2 �K�Q�i�B�Q�M �+�Q�`�`�2�+�i�B�Q�M

���M�/T1 �K���T�T�B�M�; ���+�+�m�`���+�v�X �A�M �i�?�2 �7�Q�H�H�Q�r�B�M�;�- �r�2 �`�2�p�B�2�r �i�?�2�b�2 �r�Q�`�F�b�X
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�*�H���b�b�B�+���H ���T�T�`�Q���+�?�2�b

�w�?���M�; �2�i ���H�X ���/�/�`�2�b�b�2�/ �B�M�i�2�M�b�B�i�v �p���`�B���i�B�Q�M�b �B�M �� �T���B�`�r�B�b�2 �M�Q�M�@�`�B�;�B�/ �2�H���b�i�B�+ �`�2�;�B�b�i�`���i�B�Q�M

�7�`���K�2�r�Q�`�F �7�Q�` �+���`�/�B���+T1 �K���T�T�B�M�; �#�v �2�K�T�H�Q�v�B�M�; �i�?�2 �M�Q�`�K���H�B�x�2�/ �;�`���/�B�2�M�i �}�2�H�/�b �/�B�7�@

�7�2�`�2�M�+�2 ���b �� �b�B�K�B�H���`�B�i�v �K�2�i�`�B�+ �(�R�j�)�X �_�Q�m�D�Q�H �2�i ���H�X �T�`�2�b�2�M�i�2�/ ���M ���/���T�i�B�p�2 �`�2�;�B�b�i�`���i�B�Q�M

�K�2�i�?�Q�/ �7�Q�` �p���`�v�B�M�; �+�Q�M�i�`���b�i�@�r�2�B�;�?�i�2�/ �B�K���;�2�b�- �m�b�B�M�; �� �H�Q�+���H �M�Q�M�@�`�B�;�B�/ �7�`���K�2�r�Q�`�F �#���b�2�/

�Q�M �Q�T�i�B�+���H �~�Q�r �i�Q �b�B�K�m�H�i���M�2�Q�m�b�H�v �2�b�i�B�K���i�2 �K�Q�i�B�Q�M �}�2�H�/�b ���M�/ �B�M�i�2�M�b�B�i�v �p���`�B���i�B�Q�M�b�- �r�B�i�?

���/�/�B�i�B�Q�M���H �`�2�;�m�H���`�B�x���i�B�Q�M �p�B�� ���m�i�Q�K���i�B�+ �7�2���i�m�`�2 �i�`���+�F�B�M�; �(�R�9�)�X

�:�`�Q�m�T�r�B�b�2 �b�i�`���i�2�;�B�2�b ���p�Q�B�/ �`�2�7�2�`�2�M�+�2�@�B�K���;�2 �#�B���b�X �:�m�v���/�2�` �2�i ���H�X �T�`�Q�T�Q�b�2�/ �� �;�`�Q�m�T�@

�r�B�b�2 �`�2�;�B�b�i�`���i�B�Q�M �i�2�+�?�M�B�[�m�2 �7�Q�` �[�m���M�i�B�i���i�B�p�2 �J�_�A �#���b�2�/ �Q�M �� �/�B�b�b�B�K�B�H���`�B�i�v �K�2�i�`�B�+ �/�2�`�B�p�2�/

�7�`�Q�K �i�Q�i���H �+�Q�`�`�2�H���i�B�Q�M�- �2�M���#�H�B�M�; �b�B�K�m�H�i���M�2�Q�m�b ���H�B�;�M�K�2�M�i �Q�7 �K�m�H�i�B�T�H�2 �B�K���;�2�b �r�B�i�?�Q�m�i �b�2�@

�H�2�+�i�B�M�; �� �b�B�M�;�H�2 �`�2�7�2�`�2�M�+�2 �(�R�8�)�X �h���Q �2�i ���H�X �2�t�i�2�M�/�2�/ �i�?�B�b �B�/�2�� �i�Q �+���`�/�B���+T1 ���M�/ �2�t�i�`���+�2�H�H�m�@

�H���` �p�Q�H�m�K�2 �U�1�*�o�V �K���T�T�B�M�;�- �B�M�i�`�Q�/�m�+�B�M�; �� �S�*���@�#���b�2�/ �;�`�Q�m�T�r�B�b�2 �K�2�i�?�Q�/ �i�?���i �`�2�;�B�b�i�2�`�b

���H�H �J�P�G�G�A �7�`���K�2�b �b�B�K�m�H�i���M�2�Q�m�b�H�v �m�b�B�M�; �� �i�Q�i���H�@�+�Q�`�`�2�H���i�B�Q�M �K�2�i�`�B�+ �(�R�e�)�X �>�m�B�x�B�M�;�� �2�i ���H�X

�H�B�F�2�r�B�b�2 �/�2�p�2�H�Q�T�2�/ �� �S�*���@�#���b�2�/ �;�`�Q�m�T�r�B�b�2 �`�2�;�B�b�i�`���i�B�Q�M �7�Q�` �[�J�_�A�- �B�M�+�H�m�/�B�M�; �+���`�/�B���+T1
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Chapter 2

Preliminaries

2.1 Magnetic Resonance Imaging: Physics Foundation
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