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INTRODUCTION:
Magneticresonanceimagingof newborn infantswith gestationalagerangingfrom 24 to 40 weeksindicatesmajor
developmentalchangesin thehumanbrainover this time period[1]. Assessmentof normalandabnormalanatomical
variability requiresacoordinatesystemenablinginter-subjectcomparison[2,3,4]. Wepresentamethodfor identifying
an intrinsic coordinatesystemof the developingbrain by applyinga minimum entropy criterion to determineaffine
transformationsto bringa groupof subjectscansinto alignment.

METHOD:
Acquisition and TissueClassification: SpoiledGradientRecalled(coronalT1w) andConventionalSpinEcho(axial
T2w/PDw) MR acquisitionsof newborn infantsareacquiredat our institution undera protocolwith IRB approval.
22 acquisitionsof subjectswith GA � 34 weekswereanalysed.T1w andT2w volumeswerealigned. Supervised
statisticalclassificationwasusedto identify tissueclasses[5].

Minimum Entr opy Alignment: We definethe joint pixelwise entropy of a collectionof � binary images,�����
	��
������ � , eachbroughtinto alignmentby a transform � � , as ������������������������� �!��� �"��� �$# �
�$#%���'&)(+*,�- � . ��/ , � where 0
is the numberof voxels of the dataset, / , is the binary randomvariabledefinedby the valuesof pixel 1 across
the imagesand . �324� is the discreteentropy function. We treat eachtissueclassas a separatebinary volume and
sum the entropy for eachto obtain the total entropy of a given alignmentof a collection of classifiedimages. A
minimumentropy alignmentseeksto identify thesetof transforms� � which minimizestheentropy of thecollection
i.e. 5�6�798;:�<%=�>@?4A4A4A4? =�B9����� � �
� � �C�D� � �
� � ��� ����� ��� # ��� # ��� . Dif feringfrom [6], hereweproposeto approximatethisby fixing
onedatasetandcomputingtheminimumentropy transformbetweenthisandtheothertissueclassifications[7], giving
theoptimizationproblemof 5�6E798;:"< =GFH ����I��
� � �C�D� FJ �
� J �D�LK MN�PO ����� � , where IG�324� is theidentity transform,andhence

we constructtheatlaswith entropy ����I��
� � �C�D� F� �
� � ��� ����� ��� F# ��� # �D� .
RESULTS:

Theabovefigureshowstheminimumentropy tissueclassatlasesobtainedwith affineregistrationfor (left to right)
skin,graymatter, unmyelinatedwhitematter, cerebrospinalfluid andbasalganglia.

DISCUSSION:
A minimum entropy criterion provides a meansto obtain a coordinatesystemintrinsic to the databeing studied.
Anatomicalvariability is encodedin the transformbringingsubjectscansinto alignment.Applying this approachto
scansof many subjectsgroupedby ageshouldallow theconstructionof aspatiotemporalatlasof thedevelopingbrain.
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