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Motivation I 

Background Methods Results Discussion Summary

How to compare QSM 

reconstruction results?

Quantitative Susceptibility Mapping: 

Report from the 2016 reconstruction challenge,

MRM, 79(3), 1661–1673 (2017).

How to choose 

hyper parameters?t



Motivation II 

Background Methods Results Discussion Summary

ISMRM 2018 Paris, #249

Kim, T. H., & Haldar, J. P.

”Assessing MR image reconstruction quality using 

the Fourier radial error spectrum plot [(ESP)]”

ESP



Purpose
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Background Methods Results Discussion Summary

1. Apply	the	Error	Spectrum	Plot concept	in	QSM

2. Explore	different	parametrizations	suited	to	

the	intrinsic	k-space	geometries	in	QSM

to ...
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ω
<latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit>

sampling	on	

surfaces		

in	k-space
Ω

<latexit sha1_base64="jjgAJlHhHAxe9DCG0Vt6i59QClA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OLNCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdPmoK0vLDy8M8POvEEiuDau++2U1tY3NrfK25Wd3b39g+rhUVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u83nlCpXksH800QT+iI8lDzqixVqd/H+GIVgbVmlt35yKr4BVQg0LNQfWrP4xZGqE0TFCte56bGD+jynAmcFbppxoTyiZ0hD2Lkkao/Wy+7oycWWdIwljZJw2Zu78nMhppPY0C2xlRM9bLtdz8r9ZLTXjtZ1wmqUHJFh+FqSAmJvntZMgVMiOmFihT3O5K2JgqyoxNKA/BWz55FdoXdc/yw2WtcVPEUYYTOIVz8OAKGnAHTWgBgwk8wyu8OYnz4rw7H4vWklPMHMMfOZ8/lY6PDw==</latexit><latexit sha1_base64="jjgAJlHhHAxe9DCG0Vt6i59QClA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OLNCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdPmoK0vLDy8M8POvEEiuDau++2U1tY3NrfK25Wd3b39g+rhUVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u83nlCpXksH800QT+iI8lDzqixVqd/H+GIVgbVmlt35yKr4BVQg0LNQfWrP4xZGqE0TFCte56bGD+jynAmcFbppxoTyiZ0hD2Lkkao/Wy+7oycWWdIwljZJw2Zu78nMhppPY0C2xlRM9bLtdz8r9ZLTXjtZ1wmqUHJFh+FqSAmJvntZMgVMiOmFihT3O5K2JgqyoxNKA/BWz55FdoXdc/yw2WtcVPEUYYTOIVz8OAKGnAHTWgBgwk8wyu8OYnz4rw7H4vWklPMHMMfOZ8/lY6PDw==</latexit><latexit sha1_base64="jjgAJlHhHAxe9DCG0Vt6i59QClA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OLNCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdPmoK0vLDy8M8POvEEiuDau++2U1tY3NrfK25Wd3b39g+rhUVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u83nlCpXksH800QT+iI8lDzqixVqd/H+GIVgbVmlt35yKr4BVQg0LNQfWrP4xZGqE0TFCte56bGD+jynAmcFbppxoTyiZ0hD2Lkkao/Wy+7oycWWdIwljZJw2Zu78nMhppPY0C2xlRM9bLtdz8r9ZLTXjtZ1wmqUHJFh+FqSAmJvntZMgVMiOmFihT3O5K2JgqyoxNKA/BWz55FdoXdc/yw2WtcVPEUYYTOIVz8OAKGnAHTWgBgwk8wyu8OYnz4rw7H4vWklPMHMMfOZ8/lY6PDw==</latexit><latexit sha1_base64="jjgAJlHhHAxe9DCG0Vt6i59QClA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OLNCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdPmoK0vLDy8M8POvEEiuDau++2U1tY3NrfK25Wd3b39g+rhUVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u83nlCpXksH800QT+iI8lDzqixVqd/H+GIVgbVmlt35yKr4BVQg0LNQfWrP4xZGqE0TFCte56bGD+jynAmcFbppxoTyiZ0hD2Lkkao/Wy+7oycWWdIwljZJw2Zu78nMhppPY0C2xlRM9bLtdz8r9ZLTXjtZ1wmqUHJFh+FqSAmJvntZMgVMiOmFihT3O5K2JgqyoxNKA/BWz55FdoXdc/yw2WtcVPEUYYTOIVz8OAKGnAHTWgBgwk8wyu8OYnz4rw7H4vWklPMHMMfOZ8/lY6PDw==</latexit>
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ω
<latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit>
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<latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit>

smoothing	splines
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ω
<latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit><latexit sha1_base64="THLIx8imsi/SoehSQN5FTR6PL64=">AAAB7nicbZDLSgNBEEVrfMb4irp0MxgEV2FGBF0G3biMYB6QDKGnU0ma9GPo7hHCkI9w40IRt36PO//GnmQWmnih4XCriq66ccKZsUHw7a2tb2xubZd2yrt7+weHlaPjllGpptikiivdiYlBziQ2LbMcO4lGImKO7Xhyl9fbT6gNU/LRThOMBBlJNmSUWGe1e0rgiJT7lWpQC+byVyEsoAqFGv3KV2+gaCpQWsqJMd0wSGyUEW0Z5Tgr91KDCaETMsKuQ0kEmiibrzvzz50z8IdKuyetP3d/T2REGDMVsesUxI7Nci03/6t1Uzu8iTImk9SipIuPhin3rfLz2/0B00gtnzogVDO3q0/HRBNqXUJ5COHyyavQuqyFjh+uqvXbIo4SnMIZXEAI11CHe2hAEyhM4Ble4c1LvBfv3ftYtK55xcwJ/JH3+QPGro8v</latexit>

1D	metric

χ1 − χ2
<latexit sha1_base64="c8SZ1pg47t9m3VbDGabZj/PHaDU=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuLEkRdBl0Y3LCvYCbQiT6aQdOpmEmUmhhL6JGxeKuPVN3Pk2TtIstPWHgY//nMM58wcJZ0o7zrdV2djc2t6p7tb29g8Oj+zjk66KU0loh8Q8lv0AK8qZoB3NNKf9RFIcBZz2gul9Xu/NqFQsFk96nlAvwmPBQkawNpZv20MyYb6LrlABzZpv152GUwitg1tCHUq1fftrOIpJGlGhCcdKDVwn0V6GpWaE00VtmCqaYDLFYzowKHBElZcVly/QhXFGKIyleUKjwv09keFIqXkUmM4I64lareXmf7VBqsNbL2MiSTUVZLkoTDnSMcpjQCMmKdF8bgATycytiEywxESbsPIQ3NUvr0O32XANP17XW3dlHFU4g3O4BBduoAUP0IYOEJjBM7zCm5VZL9a79bFsrVjlzCn8kfX5AyAekgM=</latexit><latexit sha1_base64="c8SZ1pg47t9m3VbDGabZj/PHaDU=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuLEkRdBl0Y3LCvYCbQiT6aQdOpmEmUmhhL6JGxeKuPVN3Pk2TtIstPWHgY//nMM58wcJZ0o7zrdV2djc2t6p7tb29g8Oj+zjk66KU0loh8Q8lv0AK8qZoB3NNKf9RFIcBZz2gul9Xu/NqFQsFk96nlAvwmPBQkawNpZv20MyYb6LrlABzZpv152GUwitg1tCHUq1fftrOIpJGlGhCcdKDVwn0V6GpWaE00VtmCqaYDLFYzowKHBElZcVly/QhXFGKIyleUKjwv09keFIqXkUmM4I64lareXmf7VBqsNbL2MiSTUVZLkoTDnSMcpjQCMmKdF8bgATycytiEywxESbsPIQ3NUvr0O32XANP17XW3dlHFU4g3O4BBduoAUP0IYOEJjBM7zCm5VZL9a79bFsrVjlzCn8kfX5AyAekgM=</latexit><latexit sha1_base64="c8SZ1pg47t9m3VbDGabZj/PHaDU=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuLEkRdBl0Y3LCvYCbQiT6aQdOpmEmUmhhL6JGxeKuPVN3Pk2TtIstPWHgY//nMM58wcJZ0o7zrdV2djc2t6p7tb29g8Oj+zjk66KU0loh8Q8lv0AK8qZoB3NNKf9RFIcBZz2gul9Xu/NqFQsFk96nlAvwmPBQkawNpZv20MyYb6LrlABzZpv152GUwitg1tCHUq1fftrOIpJGlGhCcdKDVwn0V6GpWaE00VtmCqaYDLFYzowKHBElZcVly/QhXFGKIyleUKjwv09keFIqXkUmM4I64lareXmf7VBqsNbL2MiSTUVZLkoTDnSMcpjQCMmKdF8bgATycytiEywxESbsPIQ3NUvr0O32XANP17XW3dlHFU4g3O4BBduoAUP0IYOEJjBM7zCm5VZL9a79bFsrVjlzCn8kfX5AyAekgM=</latexit><latexit sha1_base64="c8SZ1pg47t9m3VbDGabZj/PHaDU=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuLEkRdBl0Y3LCvYCbQiT6aQdOpmEmUmhhL6JGxeKuPVN3Pk2TtIstPWHgY//nMM58wcJZ0o7zrdV2djc2t6p7tb29g8Oj+zjk66KU0loh8Q8lv0AK8qZoB3NNKf9RFIcBZz2gul9Xu/NqFQsFk96nlAvwmPBQkawNpZv20MyYb6LrlABzZpv152GUwitg1tCHUq1fftrOIpJGlGhCcdKDVwn0V6GpWaE00VtmCqaYDLFYzowKHBElZcVly/QhXFGKIyleUKjwv09keFIqXkUmM4I64lareXmf7VBqsNbL2MiSTUVZLkoTDnSMcpjQCMmKdF8bgATycytiEywxESbsPIQ3NUvr0O32XANP17XW3dlHFU4g3O4BBduoAUP0IYOEJjBM7zCm5VZL9a79bFsrVjlzCn8kfX5AyAekgM=</latexit>

difference

FT{χ1 − χ2}
<latexit sha1_base64="hOrUHa5LNtLjmpyTp2h2lRbmUJA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCLosCuKyQm/QhDCZTtqhkwszJ2IJXbnxVdy4UMStz+DOt3GaZqGtPwx8/OcczpzfTwRXYFnfxtLyyuraemmjvLm1vbNr7u23VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFH19N6555JxeOoCeOEuSEZRDzglIC2PPPIAfYA2U1z4mQOHXLPxmc4h5ozKXtmxapaufAi2AVUUKGGZ345/ZimIYuACqJUz7YScDMigVPBJmUnVSwhdEQGrKcxIiFTbpafMcEn2unjIJb6RYBz9/dERkKlxqGvO0MCQzVfm5r/1XopBJduxqMkBRbR2aIgFRhiPM0E97lkFMRYA6GS679iOiSSUNDJTUOw509ehHatamu+O6/Ur4o4SugQHaNTZKMLVEe3qIFaiKJH9Ixe0ZvxZLwY78bHrHXJKGYO0B8Znz+g85fo</latexit><latexit sha1_base64="hOrUHa5LNtLjmpyTp2h2lRbmUJA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCLosCuKyQm/QhDCZTtqhkwszJ2IJXbnxVdy4UMStz+DOt3GaZqGtPwx8/OcczpzfTwRXYFnfxtLyyuraemmjvLm1vbNr7u23VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFH19N6555JxeOoCeOEuSEZRDzglIC2PPPIAfYA2U1z4mQOHXLPxmc4h5ozKXtmxapaufAi2AVUUKGGZ345/ZimIYuACqJUz7YScDMigVPBJmUnVSwhdEQGrKcxIiFTbpafMcEn2unjIJb6RYBz9/dERkKlxqGvO0MCQzVfm5r/1XopBJduxqMkBRbR2aIgFRhiPM0E97lkFMRYA6GS679iOiSSUNDJTUOw509ehHatamu+O6/Ur4o4SugQHaNTZKMLVEe3qIFaiKJH9Ixe0ZvxZLwY78bHrHXJKGYO0B8Znz+g85fo</latexit><latexit sha1_base64="hOrUHa5LNtLjmpyTp2h2lRbmUJA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCLosCuKyQm/QhDCZTtqhkwszJ2IJXbnxVdy4UMStz+DOt3GaZqGtPwx8/OcczpzfTwRXYFnfxtLyyuraemmjvLm1vbNr7u23VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFH19N6555JxeOoCeOEuSEZRDzglIC2PPPIAfYA2U1z4mQOHXLPxmc4h5ozKXtmxapaufAi2AVUUKGGZ345/ZimIYuACqJUz7YScDMigVPBJmUnVSwhdEQGrKcxIiFTbpafMcEn2unjIJb6RYBz9/dERkKlxqGvO0MCQzVfm5r/1XopBJduxqMkBRbR2aIgFRhiPM0E97lkFMRYA6GS679iOiSSUNDJTUOw509ehHatamu+O6/Ur4o4SugQHaNTZKMLVEe3qIFaiKJH9Ixe0ZvxZLwY78bHrHXJKGYO0B8Znz+g85fo</latexit><latexit sha1_base64="hOrUHa5LNtLjmpyTp2h2lRbmUJA=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEN5akCLosCuKyQm/QhDCZTtqhkwszJ2IJXbnxVdy4UMStz+DOt3GaZqGtPwx8/OcczpzfTwRXYFnfxtLyyuraemmjvLm1vbNr7u23VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFH19N6555JxeOoCeOEuSEZRDzglIC2PPPIAfYA2U1z4mQOHXLPxmc4h5ozKXtmxapaufAi2AVUUKGGZ345/ZimIYuACqJUz7YScDMigVPBJmUnVSwhdEQGrKcxIiFTbpafMcEn2unjIJb6RYBz9/dERkKlxqGvO0MCQzVfm5r/1XopBJduxqMkBRbR2aIgFRhiPM0E97lkFMRYA6GS679iOiSSUNDJTUOw509ehHatamu+O6/Ur4o4SugQHaNTZKMLVEe3qIFaiKJH9Ixe0ZvxZLwY78bHrHXJKGYO0B8Znz+g85fo</latexit>

FT{χ1}
<latexit sha1_base64="09axkYnr9swmZXyO/BslYBd5uFI=">AAAB/XicbZDLSsNAFIYnXmu9xcvOTbAIrkoigi6Lgris0Bs0IUymk3boZBJmTsQagq/ixoUibn0Pd76NkzYLbf1h4OM/53DO/EHCmQLb/jaWlldW19YrG9XNre2dXXNvv6PiVBLaJjGPZS/AinImaBsYcNpLJMVRwGk3GF8X9e49lYrFogWThHoRHgoWMoJBW7556AJ9gOymlbuZS0bMd9y86ps1u25PZS2CU0INlWr65pc7iEkaUQGEY6X6jp2Al2EJjHCaV91U0QSTMR7SvkaBI6q8bHp9bp1oZ2CFsdRPgDV1f09kOFJqEgW6M8IwUvO1wvyv1k8hvPQyJpIUqCCzRWHKLYitIgprwCQlwCcaMJFM32qREZaYgA6sCMGZ//IidM7qjua781rjqoyjgo7QMTpFDrpADXSLmqiNCHpEz+gVvRlPxovxbnzMWpeMcuYA/ZHx+QMmV5UA</latexit><latexit sha1_base64="09axkYnr9swmZXyO/BslYBd5uFI=">AAAB/XicbZDLSsNAFIYnXmu9xcvOTbAIrkoigi6Lgris0Bs0IUymk3boZBJmTsQagq/ixoUibn0Pd76NkzYLbf1h4OM/53DO/EHCmQLb/jaWlldW19YrG9XNre2dXXNvv6PiVBLaJjGPZS/AinImaBsYcNpLJMVRwGk3GF8X9e49lYrFogWThHoRHgoWMoJBW7556AJ9gOymlbuZS0bMd9y86ps1u25PZS2CU0INlWr65pc7iEkaUQGEY6X6jp2Al2EJjHCaV91U0QSTMR7SvkaBI6q8bHp9bp1oZ2CFsdRPgDV1f09kOFJqEgW6M8IwUvO1wvyv1k8hvPQyJpIUqCCzRWHKLYitIgprwCQlwCcaMJFM32qREZaYgA6sCMGZ//IidM7qjua781rjqoyjgo7QMTpFDrpADXSLmqiNCHpEz+gVvRlPxovxbnzMWpeMcuYA/ZHx+QMmV5UA</latexit><latexit sha1_base64="09axkYnr9swmZXyO/BslYBd5uFI=">AAAB/XicbZDLSsNAFIYnXmu9xcvOTbAIrkoigi6Lgris0Bs0IUymk3boZBJmTsQagq/ixoUibn0Pd76NkzYLbf1h4OM/53DO/EHCmQLb/jaWlldW19YrG9XNre2dXXNvv6PiVBLaJjGPZS/AinImaBsYcNpLJMVRwGk3GF8X9e49lYrFogWThHoRHgoWMoJBW7556AJ9gOymlbuZS0bMd9y86ps1u25PZS2CU0INlWr65pc7iEkaUQGEY6X6jp2Al2EJjHCaV91U0QSTMR7SvkaBI6q8bHp9bp1oZ2CFsdRPgDV1f09kOFJqEgW6M8IwUvO1wvyv1k8hvPQyJpIUqCCzRWHKLYitIgprwCQlwCcaMJFM32qREZaYgA6sCMGZ//IidM7qjua781rjqoyjgo7QMTpFDrpADXSLmqiNCHpEz+gVvRlPxovxbnzMWpeMcuYA/ZHx+QMmV5UA</latexit><latexit sha1_base64="09axkYnr9swmZXyO/BslYBd5uFI=">AAAB/XicbZDLSsNAFIYnXmu9xcvOTbAIrkoigi6Lgris0Bs0IUymk3boZBJmTsQagq/ixoUibn0Pd76NkzYLbf1h4OM/53DO/EHCmQLb/jaWlldW19YrG9XNre2dXXNvv6PiVBLaJjGPZS/AinImaBsYcNpLJMVRwGk3GF8X9e49lYrFogWThHoRHgoWMoJBW7556AJ9gOymlbuZS0bMd9y86ps1u25PZS2CU0INlWr65pc7iEkaUQGEY6X6jp2Al2EJjHCaV91U0QSTMR7SvkaBI6q8bHp9bp1oZ2CFsdRPgDV1f09kOFJqEgW6M8IwUvO1wvyv1k8hvPQyJpIUqCCzRWHKLYitIgprwCQlwCcaMJFM32qREZaYgA6sCMGZ//IidM7qjua781rjqoyjgo7QMTpFDrpADXSLmqiNCHpEz+gVvRlPxovxbnzMWpeMcuYA/ZHx+QMmV5UA</latexit>

k-space
Flowchart 

Kim,	T.	H.,	&	Haldar,	J.	P.,	2018	IEEE	15th	International	Symposium	on	Biomedical	Imaging	(ISBI	2018)

EΩ(!(~k),�1,�2) =

s

S(||FT{�1(!)− �2(!)}||2)

S(||FT{�1(!))}||2)
<latexit sha1_base64="gp2Ky/GYSKRDNVFmXlNJGM1NL7I="></latexit><latexit sha1_base64="gp2Ky/GYSKRDNVFmXlNJGM1NL7I="></latexit><latexit sha1_base64="gp2Ky/GYSKRDNVFmXlNJGM1NL7I="></latexit><latexit sha1_base64="gp2Ky/GYSKRDNVFmXlNJGM1NL7I="></latexit>
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Parametrizations

ω ∈ Ω
<latexit sha1_base64="LjI9zX3ik/S+2qhI8ARi+GoZj2Y=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL4KrMiKDLoht3VrAX6Awlk2ba0EwyJBmxlL6KGxeKuPVF3Pk2ZtpZaOsPgY//nMM5+aOUM20879spra1vbG6Vtys7u3v7B+5hta1lpghtEcml6kZYU84EbRlmOO2miuIk4rQTjW/yeueRKs2keDCTlIYJHgoWM4KNtfpuFSEUyIQOccBEcJdD3615dW8utAp+ATUo1Oy7X8FAkiyhwhCOte75XmrCKVaGEU5nlSDTNMVkjIe0Z1HghOpwOr99hk6tM0CxVPYJg+bu74kpTrSeJJHtTLAZ6eVabv5X62UmvgqnTKSZoYIsFsUZR0aiPAg0YIoSwycWMFHM3orICCtMjI2rYkPwl7+8Cu3zum/5/qLWuC7iKMMxnMAZ+HAJDbiFJrSAwBM8wyu8OTPnxXl3PhatJaeYOYI/cj5/AMEpk5w=</latexit><latexit sha1_base64="LjI9zX3ik/S+2qhI8ARi+GoZj2Y=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL4KrMiKDLoht3VrAX6Awlk2ba0EwyJBmxlL6KGxeKuPVF3Pk2ZtpZaOsPgY//nMM5+aOUM20879spra1vbG6Vtys7u3v7B+5hta1lpghtEcml6kZYU84EbRlmOO2miuIk4rQTjW/yeueRKs2keDCTlIYJHgoWM4KNtfpuFSEUyIQOccBEcJdD3615dW8utAp+ATUo1Oy7X8FAkiyhwhCOte75XmrCKVaGEU5nlSDTNMVkjIe0Z1HghOpwOr99hk6tM0CxVPYJg+bu74kpTrSeJJHtTLAZ6eVabv5X62UmvgqnTKSZoYIsFsUZR0aiPAg0YIoSwycWMFHM3orICCtMjI2rYkPwl7+8Cu3zum/5/qLWuC7iKMMxnMAZ+HAJDbiFJrSAwBM8wyu8OTPnxXl3PhatJaeYOYI/cj5/AMEpk5w=</latexit><latexit sha1_base64="LjI9zX3ik/S+2qhI8ARi+GoZj2Y=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL4KrMiKDLoht3VrAX6Awlk2ba0EwyJBmxlL6KGxeKuPVF3Pk2ZtpZaOsPgY//nMM5+aOUM20879spra1vbG6Vtys7u3v7B+5hta1lpghtEcml6kZYU84EbRlmOO2miuIk4rQTjW/yeueRKs2keDCTlIYJHgoWM4KNtfpuFSEUyIQOccBEcJdD3615dW8utAp+ATUo1Oy7X8FAkiyhwhCOte75XmrCKVaGEU5nlSDTNMVkjIe0Z1HghOpwOr99hk6tM0CxVPYJg+bu74kpTrSeJJHtTLAZ6eVabv5X62UmvgqnTKSZoYIsFsUZR0aiPAg0YIoSwycWMFHM3orICCtMjI2rYkPwl7+8Cu3zum/5/qLWuC7iKMMxnMAZ+HAJDbiFJrSAwBM8wyu8OTPnxXl3PhatJaeYOYI/cj5/AMEpk5w=</latexit><latexit sha1_base64="LjI9zX3ik/S+2qhI8ARi+GoZj2Y=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL4KrMiKDLoht3VrAX6Awlk2ba0EwyJBmxlL6KGxeKuPVF3Pk2ZtpZaOsPgY//nMM5+aOUM20879spra1vbG6Vtys7u3v7B+5hta1lpghtEcml6kZYU84EbRlmOO2miuIk4rQTjW/yeueRKs2keDCTlIYJHgoWM4KNtfpuFSEUyIQOccBEcJdD3615dW8utAp+ATUo1Oy7X8FAkiyhwhCOte75XmrCKVaGEU5nlSDTNMVkjIe0Z1HghOpwOr99hk6tM0CxVPYJg+bu74kpTrSeJJHtTLAZ6eVabv5X62UmvgqnTKSZoYIsFsUZR0aiPAg0YIoSwycWMFHM3orICCtMjI2rYkPwl7+8Cu3zum/5/qLWuC7iKMMxnMAZ+HAJDbiFJrSAwBM8wyu8OTPnxXl3PhatJaeYOYI/cj5/AMEpk5w=</latexit>

EΩ(!(~k),�1,�2) =

s

S(||FT{�1(!)− �2(!)}||2)

S(||FT{�1(!))}||2)
,

<latexit sha1_base64="gp2Ky/GYSKRDNVFmXlNJGM1NL7I="></latexit><latexit sha1_base64="gp2Ky/GYSKRDNVFmXlNJGM1NL7I="></latexit><latexit sha1_base64="gp2Ky/GYSKRDNVFmXlNJGM1NL7I="></latexit><latexit sha1_base64="gp2Ky/GYSKRDNVFmXlNJGM1NL7I="></latexit>

<latexit sha1_base64="jjgAJlHhHAxe9DCG0Vt6i59QClA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OLNCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdPmoK0vLDy8M8POvEEiuDau++2U1tY3NrfK25Wd3b39g+rhUVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u83nlCpXksH800QT+iI8lDzqixVqd/H+GIVgbVmlt35yKr4BVQg0LNQfWrP4xZGqE0TFCte56bGD+jynAmcFbppxoTyiZ0hD2Lkkao/Wy+7oycWWdIwljZJw2Zu78nMhppPY0C2xlRM9bLtdz8r9ZLTXjtZ1wmqUHJFh+FqSAmJvntZMgVMiOmFihT3O5K2JgqyoxNKA/BWz55FdoXdc/yw2WtcVPEUYYTOIVz8OAKGnAHTWgBgwk8wyu8OYnz4rw7H4vWklPMHMMfOZ8/lY6PDw==</latexit><latexit sha1_base64="jjgAJlHhHAxe9DCG0Vt6i59QClA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OLNCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdPmoK0vLDy8M8POvEEiuDau++2U1tY3NrfK25Wd3b39g+rhUVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u83nlCpXksH800QT+iI8lDzqixVqd/H+GIVgbVmlt35yKr4BVQg0LNQfWrP4xZGqE0TFCte56bGD+jynAmcFbppxoTyiZ0hD2Lkkao/Wy+7oycWWdIwljZJw2Zu78nMhppPY0C2xlRM9bLtdz8r9ZLTXjtZ1wmqUHJFh+FqSAmJvntZMgVMiOmFihT3O5K2JgqyoxNKA/BWz55FdoXdc/yw2WtcVPEUYYTOIVz8OAKGnAHTWgBgwk8wyu8OYnz4rw7H4vWklPMHMMfOZ8/lY6PDw==</latexit><latexit sha1_base64="jjgAJlHhHAxe9DCG0Vt6i59QClA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OLNCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdPmoK0vLDy8M8POvEEiuDau++2U1tY3NrfK25Wd3b39g+rhUVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u83nlCpXksH800QT+iI8lDzqixVqd/H+GIVgbVmlt35yKr4BVQg0LNQfWrP4xZGqE0TFCte56bGD+jynAmcFbppxoTyiZ0hD2Lkkao/Wy+7oycWWdIwljZJw2Zu78nMhppPY0C2xlRM9bLtdz8r9ZLTXjtZ1wmqUHJFh+FqSAmJvntZMgVMiOmFihT3O5K2JgqyoxNKA/BWz55FdoXdc/yw2WtcVPEUYYTOIVz8OAKGnAHTWgBgwk8wyu8OYnz4rw7H4vWklPMHMMfOZ8/lY6PDw==</latexit><latexit sha1_base64="jjgAJlHhHAxe9DCG0Vt6i59QClA=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OLNCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdPmoK0vLDy8M8POvEEiuDau++2U1tY3NrfK25Wd3b39g+rhUVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u83nlCpXksH800QT+iI8lDzqixVqd/H+GIVgbVmlt35yKr4BVQg0LNQfWrP4xZGqE0TFCte56bGD+jynAmcFbppxoTyiZ0hD2Lkkao/Wy+7oycWWdIwljZJw2Zu78nMhppPY0C2xlRM9bLtdz8r9ZLTXjtZ1wmqUHJFh+FqSAmJvntZMgVMiOmFihT3O5K2JgqyoxNKA/BWz55FdoXdc/yw2WtcVPEUYYTOIVz8OAKGnAHTWgBgwk8wyu8OYnz4rw7H4vWklPMHMMfOZ8/lY6PDw==</latexit>

~B0
<latexit sha1_base64="iSAJQMVnPi/bd273n19GKHc+M9o=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHos9eKxgv2QNpTNdtIu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0vLDy8M8POvGHCmTae9+0UNja3tneKu6W9/YPDo/LxSUvHqaLYpDGPVSckGjmT2DTMcOwkCokIObbD8d283p6g0iyWj2aaYCDIULKIUWKs9dSbIM3qs77XL1e8qreQuw5+DhXI1eiXv3qDmKYCpaGcaN31vcQEGVGGUY6zUi/VmBA6JkPsWpREoA6yxcIz98I6AzeKlX3SuAv390RGhNZTEdpOQcxIr9bm5n+1bmqi2yBjMkkNSrr8KEq5a2J3fr07YAqp4VMLhCpmd3XpiChCjc2oZEPwV09eh9ZV1bf8cF2p1fM4inAG53AJPtxADe6hAU2gIOAZXuHNUc6L8+58LFsLTj5zCn/kfP4AiIuQNw==</latexit><latexit sha1_base64="iSAJQMVnPi/bd273n19GKHc+M9o=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHos9eKxgv2QNpTNdtIu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0vLDy8M8POvGHCmTae9+0UNja3tneKu6W9/YPDo/LxSUvHqaLYpDGPVSckGjmT2DTMcOwkCokIObbD8d283p6g0iyWj2aaYCDIULKIUWKs9dSbIM3qs77XL1e8qreQuw5+DhXI1eiXv3qDmKYCpaGcaN31vcQEGVGGUY6zUi/VmBA6JkPsWpREoA6yxcIz98I6AzeKlX3SuAv390RGhNZTEdpOQcxIr9bm5n+1bmqi2yBjMkkNSrr8KEq5a2J3fr07YAqp4VMLhCpmd3XpiChCjc2oZEPwV09eh9ZV1bf8cF2p1fM4inAG53AJPtxADe6hAU2gIOAZXuHNUc6L8+58LFsLTj5zCn/kfP4AiIuQNw==</latexit><latexit sha1_base64="iSAJQMVnPi/bd273n19GKHc+M9o=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHos9eKxgv2QNpTNdtIu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0vLDy8M8POvGHCmTae9+0UNja3tneKu6W9/YPDo/LxSUvHqaLYpDGPVSckGjmT2DTMcOwkCokIObbD8d283p6g0iyWj2aaYCDIULKIUWKs9dSbIM3qs77XL1e8qreQuw5+DhXI1eiXv3qDmKYCpaGcaN31vcQEGVGGUY6zUi/VmBA6JkPsWpREoA6yxcIz98I6AzeKlX3SuAv390RGhNZTEdpOQcxIr9bm5n+1bmqi2yBjMkkNSrr8KEq5a2J3fr07YAqp4VMLhCpmd3XpiChCjc2oZEPwV09eh9ZV1bf8cF2p1fM4inAG53AJPtxADe6hAU2gIOAZXuHNUc6L8+58LFsLTj5zCn/kfP4AiIuQNw==</latexit><latexit sha1_base64="iSAJQMVnPi/bd273n19GKHc+M9o=">AAAB8HicbZBNS8NAEIYn9avWr6pHL8EieCqJCHos9eKxgv2QNpTNdtIu3d2E3U2hhP4KLx4U8erP8ea/cdvmoK0vLDy8M8POvGHCmTae9+0UNja3tneKu6W9/YPDo/LxSUvHqaLYpDGPVSckGjmT2DTMcOwkCokIObbD8d283p6g0iyWj2aaYCDIULKIUWKs9dSbIM3qs77XL1e8qreQuw5+DhXI1eiXv3qDmKYCpaGcaN31vcQEGVGGUY6zUi/VmBA6JkPsWpREoA6yxcIz98I6AzeKlX3SuAv390RGhNZTEdpOQcxIr9bm5n+1bmqi2yBjMkkNSrr8KEq5a2J3fr07YAqp4VMLhCpmd3XpiChCjc2oZEPwV09eh9ZV1bf8cF2p1fM4inAG53AJPtxADe6hAU2gIOAZXuHNUc6L8+58LFsLTj5zCn/kfP4AiIuQNw==</latexit>

r
<latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit><latexit sha1_base64="bGRaWgSPycV+qtBF0H0VhMzGH3k=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjraYalCtu1V2IrIOXQwVyNQblr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LEoaofazxaIzcmGdIQljZZ80ZOH+nshopPU0CmxnRM1Yr9bm5n+1XmrCGz/jMkkNSrb8KEwFMTGZX02GXCEzYmqBMsXtroSNqaLM2GxKNgRv9eR1aF9VPcvN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Y+czx/dI4z2</latexit>

radius

ω = r
<latexit sha1_base64="yr2SuVBQ6iInL5DNEBDr78NGqq8=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLoRim5cVrAXaIeSSc+0obkMSUYoQx/DjQtF3Po07nwbM+0stPWHwMd/ziHn/FHCmbG+/+2V1tY3NrfK25Wd3b39g+rhUduoVFNoUcWV7kbEAGcSWpZZDt1EAxERh040ucvrnSfQhin5aKcJhIKMJIsZJdZZvb4SMCL4BuvKoFrz6/5ceBWCAmqoUHNQ/eoPFU0FSEs5MaYX+IkNM6ItoxxmlX5qICF0QkbQcyiJABNm85Vn+Mw5Qxwr7Z60eO7+nsiIMGYqItcpiB2b5Vpu/lfrpTa+DjMmk9SCpIuP4pRjq3B+Px4yDdTyqQNCNXO7YjommlDrUspDCJZPXoX2RT1w/HBZa9wWcZTRCTpF5yhAV6iB7lETtRBFCj2jV/TmWe/Fe/c+Fq0lr5g5Rn/kff4A0FGQRg==</latexit><latexit sha1_base64="yr2SuVBQ6iInL5DNEBDr78NGqq8=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLoRim5cVrAXaIeSSc+0obkMSUYoQx/DjQtF3Po07nwbM+0stPWHwMd/ziHn/FHCmbG+/+2V1tY3NrfK25Wd3b39g+rhUduoVFNoUcWV7kbEAGcSWpZZDt1EAxERh040ucvrnSfQhin5aKcJhIKMJIsZJdZZvb4SMCL4BuvKoFrz6/5ceBWCAmqoUHNQ/eoPFU0FSEs5MaYX+IkNM6ItoxxmlX5qICF0QkbQcyiJABNm85Vn+Mw5Qxwr7Z60eO7+nsiIMGYqItcpiB2b5Vpu/lfrpTa+DjMmk9SCpIuP4pRjq3B+Px4yDdTyqQNCNXO7YjommlDrUspDCJZPXoX2RT1w/HBZa9wWcZTRCTpF5yhAV6iB7lETtRBFCj2jV/TmWe/Fe/c+Fq0lr5g5Rn/kff4A0FGQRg==</latexit><latexit sha1_base64="yr2SuVBQ6iInL5DNEBDr78NGqq8=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLoRim5cVrAXaIeSSc+0obkMSUYoQx/DjQtF3Po07nwbM+0stPWHwMd/ziHn/FHCmbG+/+2V1tY3NrfK25Wd3b39g+rhUduoVFNoUcWV7kbEAGcSWpZZDt1EAxERh040ucvrnSfQhin5aKcJhIKMJIsZJdZZvb4SMCL4BuvKoFrz6/5ceBWCAmqoUHNQ/eoPFU0FSEs5MaYX+IkNM6ItoxxmlX5qICF0QkbQcyiJABNm85Vn+Mw5Qxwr7Z60eO7+nsiIMGYqItcpiB2b5Vpu/lfrpTa+DjMmk9SCpIuP4pRjq3B+Px4yDdTyqQNCNXO7YjommlDrUspDCJZPXoX2RT1w/HBZa9wWcZTRCTpF5yhAV6iB7lETtRBFCj2jV/TmWe/Fe/c+Fq0lr5g5Rn/kff4A0FGQRg==</latexit><latexit sha1_base64="yr2SuVBQ6iInL5DNEBDr78NGqq8=">AAAB8nicbZDLSgMxFIYz9VbrrerSTbAIrsqMCLoRim5cVrAXaIeSSc+0obkMSUYoQx/DjQtF3Po07nwbM+0stPWHwMd/ziHn/FHCmbG+/+2V1tY3NrfK25Wd3b39g+rhUduoVFNoUcWV7kbEAGcSWpZZDt1EAxERh040ucvrnSfQhin5aKcJhIKMJIsZJdZZvb4SMCL4BuvKoFrz6/5ceBWCAmqoUHNQ/eoPFU0FSEs5MaYX+IkNM6ItoxxmlX5qICF0QkbQcyiJABNm85Vn+Mw5Qxwr7Z60eO7+nsiIMGYqItcpiB2b5Vpu/lfrpTa+DjMmk9SCpIuP4pRjq3B+Px4yDdTyqQNCNXO7YjommlDrUspDCJZPXoX2RT1w/HBZa9wWcZTRCTpF5yhAV6iB7lETtRBFCj2jV/TmWe/Fe/c+Fq0lr5g5Rn/kff4A0FGQRg==</latexit>

d
<latexit sha1_base64="ROx/Xw0XRiZy5/Eopabg5924NLE=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWzmbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDerd55QaZ7IBzNJ0Y/pUPKIM2qs1QwHlapbc+ciq+AVUIVCjUHlqx8mLItRGiao1j3PTY2fU2U4Ezgt9zONKWVjOsSeRUlj1H4+X3RKzq0TkihR9klD5u7viZzGWk/iwHbG1Iz0cm1m/lfrZSa68XMu08ygZIuPokwQk5DZ1STkCpkREwuUKW53JWxEFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPH64zo</latexit><latexit sha1_base64="ROx/Xw0XRiZy5/Eopabg5924NLE=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWzmbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDerd55QaZ7IBzNJ0Y/pUPKIM2qs1QwHlapbc+ciq+AVUIVCjUHlqx8mLItRGiao1j3PTY2fU2U4Ezgt9zONKWVjOsSeRUlj1H4+X3RKzq0TkihR9klD5u7viZzGWk/iwHbG1Iz0cm1m/lfrZSa68XMu08ygZIuPokwQk5DZ1STkCpkREwuUKW53JWxEFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPH64zo</latexit><latexit sha1_base64="ROx/Xw0XRiZy5/Eopabg5924NLE=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWzmbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDerd55QaZ7IBzNJ0Y/pUPKIM2qs1QwHlapbc+ciq+AVUIVCjUHlqx8mLItRGiao1j3PTY2fU2U4Ezgt9zONKWVjOsSeRUlj1H4+X3RKzq0TkihR9klD5u7viZzGWk/iwHbG1Iz0cm1m/lfrZSa68XMu08ygZIuPokwQk5DZ1STkCpkREwuUKW53JWxEFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPH64zo</latexit><latexit sha1_base64="ROx/Xw0XRiZy5/Eopabg5924NLE=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWzmbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDerd55QaZ7IBzNJ0Y/pUPKIM2qs1QwHlapbc+ciq+AVUIVCjUHlqx8mLItRGiao1j3PTY2fU2U4Ezgt9zONKWVjOsSeRUlj1H4+X3RKzq0TkihR9klD5u7viZzGWk/iwHbG1Iz0cm1m/lfrZSa68XMu08ygZIuPokwQk5DZ1STkCpkREwuUKW53JWxEFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPH64zo</latexit>

distance	to	zero-cone-surface

ω = d
<latexit sha1_base64="EW/LRAefXsJ4b88+WBbM+qeu/tg=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARXJVEBN0IRTcuK9gLpKFMJift0JlMmJkIJfQx3LhQxK1P4863cdJmoa0/DHz85xzmnD9MOdPGdb+dytr6xuZWdbu2s7u3f1A/POpqmSkKHSq5VP2QaOAsgY5hhkM/VUBEyKEXTu6Keu8JlGYyeTTTFAJBRgmLGSXGWv5AChgRfIOj2rDecJvuXHgVvBIaqFR7WP8aRJJmAhJDOdHa99zUBDlRhlEOs9og05ASOiEj8C0mRIAO8vnKM3xmnQjHUtmXGDx3f0/kRGg9FaHtFMSM9XKtMP+r+ZmJr4OcJWlmIKGLj+KMYyNxcT+OmAJq+NQCoYrZXTEdE0WosSkVIXjLJ69C96LpWX64bLRuyziq6ASdonPkoSvUQveojTqIIome0St6c4zz4rw7H4vWilPOHKM/cj5/ALsLkDg=</latexit><latexit sha1_base64="EW/LRAefXsJ4b88+WBbM+qeu/tg=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARXJVEBN0IRTcuK9gLpKFMJift0JlMmJkIJfQx3LhQxK1P4863cdJmoa0/DHz85xzmnD9MOdPGdb+dytr6xuZWdbu2s7u3f1A/POpqmSkKHSq5VP2QaOAsgY5hhkM/VUBEyKEXTu6Keu8JlGYyeTTTFAJBRgmLGSXGWv5AChgRfIOj2rDecJvuXHgVvBIaqFR7WP8aRJJmAhJDOdHa99zUBDlRhlEOs9og05ASOiEj8C0mRIAO8vnKM3xmnQjHUtmXGDx3f0/kRGg9FaHtFMSM9XKtMP+r+ZmJr4OcJWlmIKGLj+KMYyNxcT+OmAJq+NQCoYrZXTEdE0WosSkVIXjLJ69C96LpWX64bLRuyziq6ASdonPkoSvUQveojTqIIome0St6c4zz4rw7H4vWilPOHKM/cj5/ALsLkDg=</latexit><latexit sha1_base64="EW/LRAefXsJ4b88+WBbM+qeu/tg=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARXJVEBN0IRTcuK9gLpKFMJift0JlMmJkIJfQx3LhQxK1P4863cdJmoa0/DHz85xzmnD9MOdPGdb+dytr6xuZWdbu2s7u3f1A/POpqmSkKHSq5VP2QaOAsgY5hhkM/VUBEyKEXTu6Keu8JlGYyeTTTFAJBRgmLGSXGWv5AChgRfIOj2rDecJvuXHgVvBIaqFR7WP8aRJJmAhJDOdHa99zUBDlRhlEOs9og05ASOiEj8C0mRIAO8vnKM3xmnQjHUtmXGDx3f0/kRGg9FaHtFMSM9XKtMP+r+ZmJr4OcJWlmIKGLj+KMYyNxcT+OmAJq+NQCoYrZXTEdE0WosSkVIXjLJ69C96LpWX64bLRuyziq6ASdonPkoSvUQveojTqIIome0St6c4zz4rw7H4vWilPOHKM/cj5/ALsLkDg=</latexit><latexit sha1_base64="EW/LRAefXsJ4b88+WBbM+qeu/tg=">AAAB8nicbZDLSsNAFIYn9VbrrerSzWARXJVEBN0IRTcuK9gLpKFMJift0JlMmJkIJfQx3LhQxK1P4863cdJmoa0/DHz85xzmnD9MOdPGdb+dytr6xuZWdbu2s7u3f1A/POpqmSkKHSq5VP2QaOAsgY5hhkM/VUBEyKEXTu6Keu8JlGYyeTTTFAJBRgmLGSXGWv5AChgRfIOj2rDecJvuXHgVvBIaqFR7WP8aRJJmAhJDOdHa99zUBDlRhlEOs9og05ASOiEj8C0mRIAO8vnKM3xmnQjHUtmXGDx3f0/kRGg9FaHtFMSM9XKtMP+r+ZmJr4OcJWlmIKGLj+KMYyNxcT+OmAJq+NQCoYrZXTEdE0WosSkVIXjLJ69C96LpWX64bLRuyziq6ASdonPkoSvUQveojTqIIome0St6c4zz4rw7H4vWilPOHKM/cj5/ALsLkDg=</latexit>

θ
<latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit><latexit sha1_base64="+2a+YdAkK5gXAKPWKNIZ/6djIOk=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07SNzSZLMiuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhvEG01KbdkQtl0LxBgqUvJ0YTuNI8lY0vp3VW0/cWKHVA04SHsZ0qMRAMIrOanZxxJH2yhW/6s9FViHIoQK56r3yV7evWRpzhUxSazuBn2CYUYOCST4tdVPLE8rGdMg7DhWNuQ2z+bZTcuacPhlo455CMnd/T2Q0tnYSR64zpjiyy7WZ+V+tk+LgOsyESlLkii0+GqSSoCaz00lfGM5QThxQZoTblbARNZShC6jkQgiWT16F5kU1cHx/Wand5HEU4QRO4RwCuIIa3EEdGsDgEZ7hFd487b14797HorXg5TPH8Efe5w+j+Y8o</latexit>
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Recon	challenge	data

• tissue	field	after	background	field	removal:	phs_tissue

• reference:	chi_33

Baseline	reconstruction:

• tkd “Truncated	k-space	division”	

• L2 “close	form	L2	regularized	solution”	

Background Methods Results Discussion Summary

D00 = (D2(k) + λk2)/D(k)
<latexit sha1_base64="4fOWqmXcxbkZDiv80kd1+tqNwB8="></latexit>

B = DX
<latexit sha1_base64="53G6UIiaBVrVJxc1hDKXHj+N6Jg="></latexit>

b = d ∗ χ
<latexit sha1_base64="gyWviQtWPxonX900w/0PH8oTHYY="></latexit>

FFT
<latexit sha1_base64="qXyj2zuSKYpVWzM5/axl3kfY/JU="></latexit>

X = B/D00

<latexit sha1_base64="9a/cRlXD4Mdvz3wQnwz1bnYD3Kc="></latexit>

X = B/D0

<latexit sha1_base64="ndE+k7ioPjF4gFi930vJc1FKBVA="></latexit>

D0 = sgn(D(k)) max(|D(k)|, τ)
<latexit sha1_base64="e5gpkRpw67aTH9/VpZRDmyJhyco="></latexit>

Shmueli et	al.,	MRM,	62(6),	1510–1522	(2009).	doi:	10.1002/mrm.22135

Bilgic et	al.,	JMRI	40(1),	181–191	(2013).		doi:	10.1002/jmri.24365
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Comparison of QSM reconstruction results 



Background Methods Results Discussion Summary

Selection of hyper parameters: L2 regularization parameter 𝛌
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Selection of hyper parameters: L2 regularization parameter 𝛌
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Selection of hyper parameters: L2 regularization parameter 𝛌
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Background Methods Results Discussion Summary

Fusion of QSM maps: L2(𝛌1) ó L2(𝛌2)
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Fusion of QSM maps: L2(𝛌1) ó L2(𝛌2)
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Fusion of QSM maps: tkd ó L2
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Fusion of QSM maps: tkd ó L2
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chi	33 tkd L2 fusion
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Fusion of QSM maps: tkd ó L2, cone surfaces!
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Fusion of QSM maps: tkd ó L2, cone surfaces!
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chi	33 fusion	shell
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Fusion of QSM maps: tkd ó L2, cone surfaces!
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Validation	numerical	brain	phantom
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Limitations

• No clear prospective fusion strategy
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D0 = sgn(D(k)) max(|D(k)|, τ)
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• Focus on baseline methods (tkd, L2) 
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Conclusion 

• ESP applicable in QSM

• Conic parametrizations allow visualization of

differences between QSM methods

• Complementary to standard error metrics

• Fusion of different QSM methods can yield can

improve results

ESP
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Background Methods Results Discussion Summary

Software available

http://bmrr.de/software

„qsm_esp“ MATLAB	(&	python)

+	functions	for	fusion
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