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Any-plane slicing

select plane
of interest

computer

monitor

elements

1. Examination

2. Reconstruction

set of B-scans,

3D voxel array

Interpolate the pixels of the set of B-scans to fill
a regular array of voxels

3.  Visualisation

rendered data

each tagged with its location

ultrasound probe

ultrasound system

frame grabber

echopulse

position and
orientation
measurements

position sensor

echo signal

video signal

digitised
images

object

memory
computer

Surface rendering

select viewpoint
and lighting

segment organ assign opacity
and colour

Volume rendering

select viewpoint
and lighting

calculate surface
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3. front-to-back rotation1. vertical motion 2. side-to-side rotation

4. horizontal movement in x direction
5. horizontal movement in y direction

6. rotation about vertical axis
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*U$'&)$u\l+PmFST+BQ	R,$0O)Qqk�^2*B.

2. Rotate clamp about bar

into clamp and tighten bolts
Insert ultrasound probe

1. Raise and lower clamp about bar

6. Rotate clamp and wheel about vertical axis

4. Slide clamp along bar

wheel rotates
about top
of bar

3. Rotate wheel

5. Translate clamp and wheel along floor

#%$'&)(�*,+v-�.
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©Tª,µ’Ÿ)¡NŸ)¢Tªà¢<¦oªàª:ØÚª'«:¢<©O¤?¥Ì¡<ª'«:¤†¯’©T¢T¡5¬¨«:¢<§>¤†¯›¥R¡<¤†» ©Tµ’Ÿ)¢<§ÉŸ?¶o«:¤†»´µ|¤†¬¨¯¨­¨§L¯¨±oÁpÓC¶É§>±†¯¨»´ª'¯Ê¢f¤?¥’¢<¦oª+½À¿@©<«,Ÿ?¯¨©

ÅEŸ?©ê³ÌŸ?©Tª'­Ã¤†¯Í¢<¦oª²µ|¤†©<§>¢<§L¤†¯°©Tª'¯¨©T¤?¡´Ÿ?¶>¤†¯¨ª?ËO©T¤ÙŸ)±†Ÿ?§É¯–ËO¯o¤Û§L»	Ÿ)±?ª…³’Ÿ?©Tª'­Ð¡<ª,±†§L©T¢T¡5Ÿ)¢<§L¤†¯ÐÅEŸ?©¸µ|ª,¡T¿

¥R¤?¡5»´ª'­–Á¸ÓC¯o¤?¢<¦¨ª,¡˜³¨¡5§>ª,¥ÀŸ)¡<¢<§L«,¶>ªwæ%<kª'¶L©T¤†¯ÏŸ?¯¨­ÛžÀ¡<ª,¢T¤?¡5§L¬¨©'ËOÕ'è?è*A

é

«,§>¢Tª'­Û¢<¦oª	§L»	µ¨¡<¤.Ä?ª'»	ª'¯‰¢<©c¢<¦’Ÿ)¢

Ÿ)¡<ª›µ|¤†©<©<§>³Ì¶>ª˜³lÇ®·F¹ «:¤†»	µÚ¤†¬’¯¨­¨§L¯o±oËÚ³’¬o¢k§>¢e©<§L»´µ’¶LÇ²©<¢<Ÿ)¢Tª'­Ï¢<¦oª›¯oª,ª'­Û¥º¤?¡cŸ?«,«,¬o¡NŸ)¢Tª´¡<ª,±†§L©T¢T¡5Ÿ)¢<§L¤†¯

ÅI§>¢<¦¨¤†¬o¢Eµ¨¡<¤.ÄÎ§L­¨§É¯o±›¥R¬o¡5¢<¦oª,¡+­oª,¢<Ÿ?§L¶mÁ

Ü+¦¨ªk±?¤†Ÿ?¶p¤?¥X¢<¦’§L©à«5¦¨Ÿ)µ’¢Tª,¡I§L©E¢T¤	µ|ª,¡<¥R¤?¡5» Ÿ?¯Æ§L¯Î¿@­¨ª,µ¨¢<¦²©T¢<¬¨­oÇÑ¤?¥œ©TµÌŸ)¢<§LŸ?¶–«:¤†»´µ|¤†¬¨¯¨­¨§É¯o±êÅC§>¢<¦

¢<¦o¡<ª,ª˜»�Ÿ�CK¤?¡C¤?³=CKª'«:¢<§LÄ?ª'©I§L¯²»	§L¯’­–Á Ü+¦oªeë’¡5©<¢E§É©E¢T¤�­oª'»´¤†¯¨©<¢T¡5Ÿ)¢TªŽ¦o¤4ÅõŸ?«,«,¬o¡5Ÿ)¢Tª›·F¹�¡<ª,±†§L©T¢T¡5Ÿ)¢<§L¤†¯

«,Ÿ?¯Ù³|ªêŸ?«5¦’§>ª,Ä?ª'­Û¬¨©<§L¯o±ÑŸ�¢Tª'«N¦¨¯¨§

ã

¬oª¸¢<¦¨Ÿ)¢C¢<Ÿ)Ò?ª'©c©<ª'¯¨©T¤?¡T¿$³’Ÿ?©<ª'­®»´ª'Ÿ?©5¬o¡<ª'»´ª'¯Ê¢<©k¤?¥!½À¿@©<«,Ÿ?¯ÙµÚ¤†©5§2¿

¢<§>¤†¯¨©cŸ?¯’­°Ÿ)µ¨µ’¶L§Lª'©k©5»	Ÿ?¶L¶ Ÿ?­*C<¬¨©T¢<»´ª'¯Ê¢<©e¢T¤×Ÿ?¶L§L±†¯ÏŸ?¯¨Ÿ)¢T¤†»	§L«,Ÿ?¶À¶LŸ?¯¨­¨»	Ÿ)¡5Òl©e§L¯Û¢<¦oª´¡5ª'«:¤†¯¨©T¢T¡5¬¨«:¢Tª'­

Ä?¤†¶L¬¨»	ª?ÁIÜ+¦oªŽ©<ª'«:¤†¯¨­Ù¤?³=CKª'«:¢<§LÄ?ª¸§L©I¢T¤…­¨ª'»´¤†¯¨©T¢T¡5Ÿ)¢Tª›¦o¤4Å�©TµÌŸ)¢<§LŸ?¶p«:¤†»´µ|¤†¬¨¯’­¨§L¯o±oË¨«:¤†¬oµÌ¶>ª'­×ÅC§>¢<¦

Ÿ?«,«,¬o¡5Ÿ)¢Tª…¡<ª,±†§L©<¢T¡5Ÿ)¢<§>¤†¯–Ëœ«,Ÿ?¯Ð§L»	µ¨¡<¤.Ä?ª�¢<¦oª²Ô
<D> ¤?¥/¢<¦¨ª�¡<ª'«:¤†¯¨©<¢T¡5¬¨«:¢Tª'­Í­’Ÿ)¢<ŸÎÁÆÜ+¦oª›ëÌ¯¨Ÿ?¶O¤?³=CKª'«0¿

¢<§>Ä?ª˜§L©+¢T¤	­oª,Ä?ª'¶>¤?µ×Ÿ	©<¢<Ÿ)¢<§L©T¢<§L«,Ÿ?¶|¢<¦oª,¤?¡5Ç…¤?¥ ·F¹Ý©Tµ’Ÿ)¢<§ÉŸ?¶–«:¤†»´µ|¤†¬¨¯¨­¨§L¯¨±¸Ÿ?¯¨­²ª'©<¢<Ÿ)³’¶L§L©<¦²Ÿ)±?¡<ª,ª'»	ª'¯‰¢

³|ª,¢@Å/ª,ª'¯Û¢<¦oª›µ¨¡<ª'­¨§É«:¢Tª'­ÙŸ?¯’­®¤?³Ì©Tª,¡<Ä?ª'­Ï§L»´µ’¡<¤.Ä?ª'»´ª'¯Ê¢<©c§L¯°Ô
<D>ŽÁ–Ü+¦oª'©<ªê¤?³=CTª'«:¢<§>Ä?ª'©˜Ÿ)¡5ª›»	ª,¢k³lÇ
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é
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¤?¥fŸ´¦Ê¬¨»�Ÿ?¯²µ’Ÿ)¢<§>ª'¯Ê¢c÷ºøÙù.÷RùFü¨Á!Ü+¦¨§L©E«N¦¨Ÿ)µ¨¢Tª,¡I­oª'©5«:¡5§>³|ª'©/¢<¦oª˜©T¢<¬¨­oÇÑµ|ª,¡<¥º¤?¡N»´ª'­Û÷ºøÙù.÷HúHûTüoË’Ÿ?¯¨­²¢<¦¨ª

¯oª:áÎ¢I«5¦’Ÿ)µ¨¢Tª,¡C­oª'©5«:¡5§>³|ª'©/¢<¦oªŽ©T¢<¬¨­¨Ç�µ|ª,¡<¥R¤?¡5»´ª'­Û÷RøÙù4÷ºù)üoÁ

ŒŽ•GF HJIOš •k‘LK¨“|”q™›šœ“|•N•C‘NM •<“PONHJI�QC•RK’“Ú”�S/“|•N•C‘

T�UWVXUZY []\#^�_8\X`Z^Ea

ÜX¤…Ÿ?«

ã

¬¨§>¡<ª¸¦¨§>±†¦

ã
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«:¤?¡<¡<ª'«:¢Tª'­Ù³|ª,¥R¤?¡<ªê«:¤†»´µ|¤†¬¨¯’­¨§L¯o±oÁ˜æmÜ+¦¨ªŽ¡<ª'Ÿ?­oª,¡e»	Ÿ.ÇÆÅI§L©<¦×¢T¤…©<Òl§>µÙŸ?¦oª'Ÿ?­Ù¢T¤cb §>±†¬¨¡<ªdAoÁhè�¢T¤Ñ±?ª,¢
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é
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Ä?¤'áÎª'¶ Ÿ)¡<¡5Ÿ'Ç?ËqŸ?¯ÊÇ
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¢<§>¤†¯Ùª,¡<¡<¤?¡N©k«,Ÿ?¯Ù³|ª›«:¤?¡<¡<ª'«:¢Tª'­Ï³lÇ×©Tª'Ÿ)¡5«N¦¨§L¯o±…¥R¤?¡e«:¤?¡5¡<ª'©Tµ|¤†¯¨­¨§L¯¨±Ñ¶LŸ?¯¨­’»	Ÿ)¡<ÒÎ©IŸ?¯¨­Ù¡<ª,µ|¤†©<§>¢<§L¤†¯¨§L¯o±

¢<¦oªŽ¯¨ª,Åõ½À¿@©<«,Ÿ?¯Æµ’¶ÉŸ?¯oªc©T¤	¢<¦¨Ÿ)¢+¢<¦¨ª˜¶LŸ?¯¨­¨»	Ÿ)¡5Òl©àŸ)¡<ªŽ³¨¡<¤†¬o±†¦Ê¢+«,¶>¤†©Tª,¡+¢T¤?±?ª,¢<¦¨ª,¡'Á

>Cª,±†§L©T¢T¡5Ÿ)¢<§>¤†¯Ù»¸¬¨©T¢I³|ª˜µ|ª,¡<¥R¤?¡5»´ª'­ÆÅI§>¢<¦Æ¡5ª'©Tµ|ª'«:¢+¢T¤…Ÿ�¡<ª'¶L§LŸ)³Ì¶>ªc³’Ÿ?©Tª'¶L§É¯oª?ÁE£7¥ Ÿ?¶L¶p¢<¦oªê½À¿@©<«,Ÿ?¯¨©

Ÿ)¡<ªà¡<ª,µ|¤†©<§L¢<§>¤†¯oª'­–Ë)§>¢ §L©œµ|¤†©<©<§>³’¶Lª!¢T¤˜«:¤†¯¨©T¢T¡N¬¨«:¢OŸkÄ?¤'áÎª'¶’Ÿ)¡<¡5Ÿ.ÇŽÅI¦¨ª,¡<ªàŸ?¶L¶Î¶LŸ?¯¨­¨»	Ÿ)¡5Òl©fŸ)¡<ªà§L¯¸µ|ª,¡<¥Rª'«:¢

Ÿ?¶L§>±†¯’»´ª'¯‰¢,Ël³’¬o¢À¢<¦oªk¡<ª'«:¤†¯¨©T¢T¡5¬’«:¢<§>¤†¯�³|ª'Ÿ)¡5©E¶L§L¢T¢<¶>ª+¡<ª'©Tª'»ê³’¶LŸ?¯’«:ªC¢T¤¸¢<¦oªe¬¨¯¨­oª,¡5¶LÇl§L¯¨±˜Ÿ?¯¨Ÿ)¢T¤†»ŽÇÙæH¥º¤?¡

§L¯¨©<¢<Ÿ?¯¨«:ª?ËÎ¢<¦oªcÄ?¤'áÎª'¶qŸ)¡<¡5Ÿ.ÇÑ«:¤†¬¨¶É­…«:¤†¯Ê¢<Ÿ?§L¯ÆŸ›©<¦¨ª'Ÿ)¡<ª'­w§L»	Ÿ)±?ªe¤?¥œ¢<¦oªcŸ?¯¨Ÿ)¢T¤†»ŽÇ

é
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ã
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»´¤†©T¢/¤?¥q¢<¦oªkÄ?¤'áÎª'¶L©EÅI§L¢<¦�¶L§>¢T¢<¶Lª+¤.Ä?ª,¡5¶ÉŸ)µw¤?¥q¢<¦oªe½!¿@©5«,Ÿ?¯¨©,ÁX<k¤¸Ÿ)¢T¢Tª'»´µ’¢E§É©À»	Ÿ?­¨ªC¢T¤¸¡<ª,±†§L©T¢Tª,¡E¢<¦oª'©<ª

§L¯¨§L¢<§LŸ?¶q½À¿@©<«,Ÿ?¯¨©��à¢<¦¨ª,ÇÆŸ?«:¢kŸ?©k¢<¦oªê³’Ÿ?©Tª'¶L§L¯¨ª?Á+ÓC¯ÊÇÆ©<»	Ÿ?¶L¶p¡<ª,±†§L©T¢T¡NŸ)¢<§>¤†¯×ª,¡5¡<¤?¡5©C¢<¦¨Ÿ)¢I¤Î«,«,¬o¡eŸ)¢C¢<¦¨§É©

©T¢<Ÿ)±?ª˜Ÿ)¡<ª˜¯¨¤?¢E«:¤?¡5¡<ª'«:¢Tª'­–Ë¨³’¬¨¢/©<§É¯¨«:ªC¢<¦¨ªk¢T¡N¬oªc©<¦¨Ÿ)µ|ªC¤?¥X¢<¦oªcŸ?¯¨Ÿ)¢T¤†»êÇ²§É©/¬’¯oÒl¯¨¤.ÅI¯–Ël¢<¦oª'©Tªc§L¯’§>¢<§LŸ?¶
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ã
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¤?¥À§É¯‰¢Tª,¡<ª'©<¢,Ë–¥º¡<¤†»¾­¨§>ØÚª,¡<ª'¯Ê¢e¶>¤Ê¤?ÒÙ­¨§>¡<ª'«:¢<§L¤†¯¨©,Ë|Ÿ)¡<ª´«:¤†»´µ|¤†¬¨¯¨­oª'­ÙÅI§>¢<¦®¢<¦oª›³’Ÿ?©Tª'¶É§L¯oªê­’Ÿ)¢<Ÿw§L¯×¢<¦¨ª

Ä?¤'áÎª'¶EŸ)¡<¡5Ÿ.Ç?ÁÆÜ+¦oª�§L¯¨ª,Äl§>¢<Ÿ)³Ì¶>ª´¡<ª,±†§L©T¢T¡NŸ)¢<§>¤†¯°ª,¡<¡5¤?¡5©ŽŸ)¡<ª…Ÿ?¬o¢T¤†»	Ÿ)¢<§L«,Ÿ?¶É¶>Ç°«:¤?¡<¡<ª'«:¢Tª'­Ð³ÊÇ°¶ÉŸ?¯¨­¨»	Ÿ)¡<Ò
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ã

¬¨§L¡<ª'­–Á
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³|ª'«,Ÿ?¬¨©Tª²§>¢Ž¤)Ø|ª,¡5©›ŸÙ©<§L»´µ’¶Lª	³’Ÿ?©<§L©Ž¥º¤?¡›¢<¦oª²©T¢<¬¨­¨ÇÏ¤?¥à¢<¦oªwÔ=<?>�©T¢<Ÿ)¢<§É©T¢<§L«,©��	­¨§L¡<ª'«:¢êŸ.Ä?ª,¡5Ÿ)±†§L¯o±Û¤?¥

»¸¬¨¶>¢<§>µ’¶Lªê«:¤†¯Ê¢T¡5§>³’¬o¢<§L¤†¯¨©I¢T¤w¢<¦¨ª›©5Ÿ?»´ª´Ä?¤'áÎª'¶O§L©kµ|ª,¡<¥R¤?¡5»´ª'­–Ë–Ÿ?¯¨­Û¯o¤²µ’Ÿ)¡5Ÿ?»	ª,¢Tª,¡5©˜¯oª,ª'­Ù¢T¤w³|ª›¢T¤

©Tµ|ª'«,§2ë’ª'­…³lÇÑ¢<¦¨ª˜¬¨©Tª,¡'Á��ô§>¢<¦Æ¶>¤4Å ¡<ª'©T¤†¶L¬o¢<§L¤†¯²Ä?¤'áÎª'¶qŸ)¡<¡5Ÿ.Çl©,ËÌ¯o¤›±†Ÿ)µ’©+Ÿ)¡<ª˜¶L§LÒ?ª'¶>Ç�¢T¤´¡<ª'»�Ÿ?§L¯wŸ)¥º¢Tª,¡

Ÿ?¶L¶Ê¤?¥’¢<¦oªE¤4Ä?ª,¡5¶LŸ)µ¨µ’§É¯o±C­¨Ÿ)¢<ŸeŸ)¡<ªà«:¤†»´µ|¤†¬¨¯’­oª'­–Ë)³’¬o¢œÅI§>¢<¦¸¦¨§>±†¦ê¡<ª'©T¤†¶L¬¨¢<§>¤†¯êŸ)¡5¡5Ÿ'ÇÎ©àæm©<»	Ÿ?¶L¶ÊÄ?¤'áÎª'¶L©

é

Ë

©<»	Ÿ?¶É¶X±†Ÿ)µÌ©c»	Ÿ'ÇÙ¡<ª'»	Ÿ?§L¯qÁŽ£K¯¨©T¢Tª'Ÿ?­Û¤?¥OëÚ¶L¶L§L¯o±…§L¯Ù¢<¦oª›±†Ÿ)µ’©˜§L¯Û¦¨§L±†¦®¡5ª'©T¤†¶L¬o¢<§>¤†¯Ù¡<ª'«:¤†¯’©T¢T¡5¬¨«:¢<§>¤†¯’©,Ë

¢<¦oªk©Tª'«:¤†¯¨­�©<¢<Ÿ)±?ªC¤?¥–¢<¦oªCž <D< Ÿ?¶>±?¤?¡5§>¢<¦¨» §L© ¤†»	§L¢T¢Tª'­Ñ©T¤ê¢<¦¨Ÿ)¢!¢<¦¨ªC©T¢<Ÿ)¢<§L©<¢<§L«,©!Ÿ)¡<ªk§L¯¨­oª,µ|ª'¯¨­¨ª'¯‰¢f¤?¥

¢<¦oªê¢@ÇlµÚªŽ¤?¥O¦o¤†¶>ª:¿mëÌ¶L¶É§L¯o±›»´ª,¢<¦o¤Î­–ÁàÜ+¦oªŽ«,Ÿ?¶L«,¬’¶LŸ)¢<§>¤†¯¨©+Ÿ)¡5ªŽ¢<¦oª'¯®»	Ÿ?­oªŽ¤†¯’¶>ÇÑ¤†¯×¢<¦oª˜ëÚ¶L¶>ª'­²Ä?¤'áÎª'¶L©,Á

£K¯w¢<¦¨§L©EÅEŸ'Ç?ËÌ¢<¦oª¸Ô
<D>õ©T¢<Ÿ)¢<§L©<¢<§L«,©IŸ)¡<ªŽÒ?ª,µ¨¢IŸ?©à±?ª'¯oª,¡N§L«˜Ÿ?©àµ|¤†©<©<§L³’¶>ª?Á

b §>±†¬o¡5ª.AoÁLÕI­oª'©5«:¡5§>³|ª'©f¢<¦oª+ž <?< ¡<ª'«:¤†¯’©T¢T¡5¬¨«:¢<§>¤†¯�Ÿ?¶>±?¤?¡5§>¢<¦¨»ÝÅI§>¢<¦´¢<¦oªCŸ?­¨­¨§>¢<§>¤†¯›¤?¥q¶ÉŸ?¯¨­¨»	Ÿ)¡<ÒÊ¿

³’Ÿ?©Tª'­	¡<ª,±†§L©T¢T¡5Ÿ)¢<§L¤†¯–Á Ü+¦oª+»	Ÿ?§L¯´­’§2ØÚª,¡5ª'¯¨«:ªà³|ª,¢@Å/ª,ª'¯	¢<¦¨§L©!Ÿ?¶>±?¤?¡5§>¢<¦¨»�Ÿ?¯’­´¢<¦oªIŸ?¶>±?¤?¡N§>¢<¦¨» ÅI§>¢<¦¨¤†¬o¢

¡<ª,±†§L©<¢T¡5Ÿ)¢<§>¤†¯°æ%b §>±†¬o¡5ªê¼lÁh¼

é

§L©+¢<¦¨Ÿ)¢+¢<¦oªŽ§É»	Ÿ)±?ª˜¢T¡5Ÿ?¯¨©<¥º¤?¡5»�Ÿ)¢<§>¤†¯������È§L©+¡<ª,µ’¶LŸ?«:ª'­wÅC§>¢<¦w¢<¦oª˜¤?µ’¢<§2¿

»	Ÿ?¶–¢T¡NŸ?¯¨©T¥R¤?¡5»	Ÿ)¢<§>¤†¯
�

���

�

¢<¦¨Ÿ)¢I¡5ª,±†§L©T¢Tª,¡5©à¢<¦¨ªŽ¶LŸ?¯¨­¨»�Ÿ)¡<Òl©I§L¯²¢<¦oªŽ§L»�Ÿ)±?ª��âÅC§>¢<¦²¢<¦o¤†©Tª¸Ÿ?¶>¡<ª'Ÿ?­oÇ

µ¨¡<ª'©<ª'¯‰¢e§L¯®¢<¦oªêÄ?¤.álª'¶ Ÿ)¡5¡5Ÿ'Ç

�

ÁÚÜ+¦¨ªŽ¢T¡5Ÿ?¯¨©<¥º¤?¡5»�Ÿ)¢<§>¤†¯����
�

�

»	Ÿ.Ç×³|ªê«:¤†¯’©<§L­oª,¡<ª'­ÙŸ?©k¢<¦oª›«:¤†»Ž³’§>¿

¯¨Ÿ)¢<§>¤†¯Æ¤?¥X¢<¦oªŽ¤?¡5§>±†§L¯¨Ÿ?¶ ���!�ÐŸ?¯’­ÆŸ?¯ÆŸ?­¨­¨§L¢<§>¤†¯¨Ÿ?¶|¢T¡5Ÿ?¯¨©<¥º¤?¡5»�Ÿ)¢<§>¤†¯"�$#&%(')�

�+* , �

���

�

* -/. �+* , �

�

�

�

�

* ,

�

#&%('0�

���

�

* 1

æ%AoÁLÕ

é

£K¯w¢<¦¨§L©+©<¢<¬¨­oÇ?Ë���#&%2'Ž§L©I«:¤†¯¨©T¢T¡5Ÿ?§L¯¨ª'­w¢T¤ÑŸ�Ö	¹

@

b�¡5§>±†§L­²³|¤Î­oÇ�¢T¡NŸ?¯¨©T¥R¤?¡5»	Ÿ)¢<§>¤†¯–Á/ÓC¶L¢<¦o¤†¬o±†¦Æ©T¤†»	ª

¯o¤†¯Î¿$¡N§>±†§L­È¡<ª,±†§L©<¢T¡5Ÿ)¢<§>¤†¯ïª,¡5¡<¤?¡5©	Ÿ)¡<ªÙ¬¨¯¨­o¤†¬¨³¨¢<Ÿ)³’¶>ÇÐµ¨¡<ª'©Tª'¯Ê¢,Ëà§>¢	§L©�¦¨¤?µÚª'­ï¢<¦¨Ÿ)¢	¢<¦oªÙ»	Ÿ�CK¤?¡N§>¢@ÇÈ¤?¥

¡<ª,±†§L©<¢T¡5Ÿ)¢<§>¤†¯wª,¡<¡5¤?¡5©+«,Ÿ?¯w³|ª˜«:¤?¡<¡<ª'«:¢Tª'­®ÅI§>¢<¦²¡N§>±†§L­…³|¤l­oÇÑ¡<ª,±†§L©T¢T¡NŸ)¢<§>¤†¯–Á




�� ��������	�

������������	������������������! #"$�% #&('*),+.-0/21�3

C
P

lmn

pmn

cijk

xC xP

pmn

cijk

xC xPTP
C *

TT
R

lmn

cijkeach calculation of
nwhere     is incremented after

cijk pmnof existing        and

Px

cijkeach calculation of
nwhere     is incremented after

lmn

cijk pmnof existing        and

TP
C *TP

C

lmn

cijk cijk

Cx

mnl

mnl

mn

xP= T

P1. Acquire 2D image     and associated position data

2. Find landmarks in - see Figure 4.2P

3.3 Register landmarks3.1 Insert landmarks Linto 

3.1.1 Determine location of

(andCw.r.t.

3.2.1 Determine location of
pixel

n+1 n+1
n

+=

=

3.2 Insert image
volume 

into reconstruction
C

3.2.2 Set

TP
C

3.4.1 Determine location of
pixel

n+1 n+1
n

+=

=

3.4 Insert image
volume 

into reconstruction
C

3.4.2 Set

w.r.t. C

to weighted average to weighted average

Does P
No Yes

P3. Insert image      into reconstruction volume  C

intersect existing data inC ?

)(at 

w.r.t. C

L

3.3.1 Find location where the

3.1.2 Assign
element in L

)

to nearest 

with L

P P

3.3.2 Form optimal transformation

landmarks
best with landmarks inL

coincide

c pijk mn c pijk

b §>±†¬o¡<ªdAoÁLÕ � �����

�*
 �8�� ��6	��9���8	����� ��c�W	�� ��

&����6	����E	*�W�  ��

Ôl¢Tª,µ’©êÕc¢T¤…·�Ÿ)¡<ª˜¡<ª,µ|ª'Ÿ)¢Tª'­Æ¥R¤?¡CŸ?¶É¶

½À¿@©<«,Ÿ?¯¨©CŸ?«

ã

¬¨§L¡<ª'­w§L¯ÆŸ?¯wª:áoŸ?»	§L¯’Ÿ)¢<§>¤†¯–Á



��
�� 	*�W�  �#���P��� 
��8�  ��;	��*��� 	����  
	 �W	����c

&����6	��*�E	����  
��

ž Ÿ)¡5Ÿ?»	ª,¢Tª,¡

@

¡5±†Ÿ?¯wžÀ¦¨Ÿ?¯Ê¢T¤†»

îàŸ?¯¨¯‰Ç…Ò?ª,¡5¯oª'¶–©5§ �,ª�æm»	»

é �

åœŸ?¯¨­¨»	Ÿ)¡5ÒÑ©Tª'Ÿ)¡5«N¦Æ¡5Ÿ?­’§L¬¨©cæm»	»

é

Ö

îE¤†¯¨©Tª'¯¨©<¬’©à©Tª,¢à¢<¦o¡<ª'©<¦¨¤†¶L­Ïæ��

é

A85

ÜœŸ)³’¶>ª AoÁLÕ �

� 

&����6	��*�E	����� ����&����*�W	��!� �!���*����
 	�

� � �

ÜI¦oªw©<§ �,ª…¤?¥I¢<¦oª²Ò?ª,¡5¯oª'¶à¬’©Tª'­È§L¯Í¢<¦¨ª

îEŸ?¯¨¯ÊÇ�«:¤†¯‰Ä?¤†¶É¬o¢<§>¤†¯ ¡<ª,µ¨¡<ª'©Tª'¯Ê¢<©	¢<¦¨ª×³|ª'©T¢	¢T¡5Ÿ?­¨ª:¿$¤)Øõ³|ª,¢@Å/ª,ª'¯ò¢<¦oªÙŸ?«,«,¬o¡5Ÿ?«:Çï¤?¥c³|¤†¬¨¯’­¨Ÿ)¡<ÇÐ¶L¤)¿

«,Ÿ?¶L§L©5Ÿ)¢<§>¤†¯ÏŸ?¯¨­Ï©Tª'¯¨©5§>¢<§>ÄÎ§>¢@ÇÆ¢T¤®©Tµ|ª'«<ÒÎ¶>ª	¯o¤†§L©Tª?Á›Ü+¦oª›¡5Ÿ?­’§L¬¨©k¤?¥À¢<¦¨ª	¶LŸ?¯¨­¨»	Ÿ)¡5Ò×©Tª'Ÿ)¡5«N¦°Ä?¤†¶L¬¨»	ª›§É©

¡<ª'¶LŸ)¢Tª'­	¢T¤c¢<¦oªàª:álµ|ª'«:¢Tª'­	¶Lª,Ä?ª'¶L© ¤?¥Ú¡<ª,±†§L©T¢T¡5Ÿ)¢<§L¤†¯›ª,¡<¡<¤?¡'ÁfÜ+¦oª+«:¤†¯¨©<ª'¯¨©<¬¨© ©Tª,¢ ¢<¦¨¡<ª'©<¦o¤†¶L­›§L© ©<µÚª'«,§>ë’ª'­

Ÿ?©àŸ¸µ¨¡<¤?µ|¤?¡<¢<§>¤†¯�¤?¥p¢<¦oªe¢T¤?¢<Ÿ?¶–¯l¬¨»ê³Úª,¡/¤?¥X¶ÉŸ?¯¨­¨»	Ÿ)¡<ÒÎ©/§L¯�ª'Ÿ?«N¦Æ½À¿@©<«,Ÿ?¯–ÁO£#¢<©/ÄFŸ?¶É¬oªk§É©À³ÌŸ?©Tª'­…¤†¯…Ÿ?¯

ª'©T¢<§L»�Ÿ)¢Tª'­Ï¡5Ÿ)¢<§>¤w¤?¥/¢<¦oª	¯l¬¨»Ž³|ª,¡c¤?¥/¢T¡5¬oª	¶LŸ?¯’­¨»	Ÿ)¡<ÒÎ©k¢T¤Æ¢<¦oª´¢T¤?¢<Ÿ?¶O¯l¬¨»ê³Úª,¡c¤?¥E¶LŸ?¯¨­’»	Ÿ)¡<ÒÎ©k§É¯ÏŸ

¢@Çlµ’§L«,Ÿ?¶p½!¿@©5«,Ÿ?¯–Á

�����
	

\Qa

Y

j$^K_

W

g

Z��

`$\

W

[k\�


�

a0^

�

d

�

v

�

[)i�


�

j��'_

b §>±†¬o¡<ª�AoÁh¼ ���

�� �"!������� "!
 	�
 � 	����  ��

æmŸ

é

©<¦o¤4ÅI©f¢<¦oª+¤?¡N§>±†§L¯¨Ÿ?¶Î¦¨§>±†¦¸¡<ª'©<¤†¶L¬o¢<§>¤†¯´§L»�Ÿ)±?ªà¤?¥Ì¢<¦oªà¤?¡<¿

±†Ÿ?¯´µ’¦’Ÿ?¯‰¢T¤†»wÁ!<k¤?¢<§L«:ª+¢<¦oªà©Tµ|ª'«<ÒÎ¶L§L¯¨±C¢<¦o¡5¤†¬o±†¦o¤†¬o¢f¢<¦oªà§L»	Ÿ)±?ª?ÁàæH³

é

­¨ª,µ’§L«:¢<©œ¢<¦oªàª'­o±?ª'¶L©fª:áÎ¢T¡5Ÿ?«:¢Tª'­

¥R¡<¤†»�§L»	Ÿ)±?ªÑæmŸ

é

Ÿ)¥º¢Tª,¡k«5¦¨Ÿ?§É¯¨§L¯o±´Ÿ?¯¨­wµ’¡5¬¨¯¨§L¯¨±oÁ

T�UWVXUWV � ^�� ^���� `��������
 "!#�%$�&'! _)(�*

Ü+¦oªÏ¶LŸ?¯’­¨»	Ÿ)¡<ÒÎ©²¬¨©Tª'­ §L¯ô¢<¦¨§É©…©<¢<¬¨­oÇ Ÿ)¡5ªÏª'­o±?ª'¶L©°æHª'­o±?ªÍª'¶>ª'»´ª'¯Ê¢<©

é

Ÿ?¬o¢T¤†»	Ÿ)¢<§L«,Ÿ?¶É¶>Ç ª:áÎ¢T¡5Ÿ?«:¢Tª'­

³lÇÙ¢<¦¨ª²îEŸ?¯¨¯ÊÇÛª'­o±?ªÑ­¨ª,¢Tª'«:¢<§>¤†¯ÐŸ?¶L±?¤?¡5§>¢<¦¨» æ@îEŸ?¯¨¯ÊÇ?Ë/Õ'è




Ö

é

Á×ÜI¦oª	ª'­o±?ª'¶L©êŸ)¡<ª�µ’¡<¤l­’¬¨«:ª'­°Ÿ)¢Ž¢<¦¨ª

¡<ª'©T¤†¶É¬o¢<§>¤†¯w«:¤?¡<¡<ª'©<µÚ¤†¯’­¨§L¯o±¸¢T¤�¢<¦oªcÄ?¤.álª'¶X©<§ �,ªŽ«N¦o¤†©Tª'¯×¥º¤?¡+¢<¦¨ªc¡<ª'«:¤†¯¨©T¢T¡5¬’«:¢<§>¤†¯–Ë’©T¤´¢<¦¨ª˜¡<ª'©T¤†¶L¬¨¢<§>¤†¯

¤?¥à¢<¦oª…½!¿@©5«,Ÿ?¯¨©ê§É©˜¡<ª'­¨¬’«:ª'­Í«:¤?¡<¡<ª'©<µÚ¤†¯’­¨§L¯o±†¶>Ç×³Úª,¥R¤?¡<ªÑª'­o±?ªÑ­oª,¢Tª'«:¢<§L¤†¯–ÁÆÜ+¦oª	Ò?ª,¡N¯oª'¶!©<§ �,ªÑ§L¯Ï¢<¦¨ª

îEŸ?¯¨¯ÊÇ�«:¤†¯‰Ä?¤†¶É¬o¢<§>¤†¯ò§É©	«5¦o¤†©<ª'¯ ¶LŸ)¡5±?ªÆª'¯o¤†¬o±†¦ò¢T¤Ð»	§L¯’§L»	§L©Tª²¢<¦oª×ª:ØÚª'«:¢…¤?¥c©Tµ|ª'«<ÒÎ¶>ª?ËE³’¬o¢�©<»�Ÿ?¶L¶

ª'¯o¤†¬o±†¦Æ¢T¤	±†§>Ä?ª˜±?¤l¤l­×¶>¤l«,Ÿ)¢<§L¤†¯ÆŸ?«,«,¬o¡5Ÿ?«:Ç?ÁEÜ+¦oª˜©<§ �,ªc¤?¥X¢<¦oªŽÒ?ª,¡5¯oª'¶q§L©E±†§LÄ?ª'¯×§L¯wÜœŸ)³’¶>ª AoÁLÕ)Á

Ü+¦¨ªàª'­o±?ª'¶’©Tª,¢/§L©f¥H¬o¡<¢<¦oª,¡Oµ’¡5¬¨¯oª'­›³lÇ¸«N¦¨Ÿ?§L¯¨§É¯o±˜¯oª'§>±†¦Ê³|¤†¬o¡5§L¯o±kª'­o±?ª'¶L©O¢T¤?±?ª,¢<¦oª,¡àŸ?¯¨­´ª'¶L§L»�§L¯¨Ÿ)¢K¿

§L¯o±Æ©5¦o¤?¡<¢˜«5¦’Ÿ?§L¯¨©,ÁÑîE¦’Ÿ?§L¯¨©kÅI§>¢<¦Û¥Rª,ÅÀª,¡ê¢<¦¨Ÿ?¯Ï¢<¦o¡5ª,ª´ª'¶>ª'»´ª'¯Ê¢<©ŽŸ)¡<ª	ª'¶É§L»	§L¯¨Ÿ)¢Tª'­Ù³|ª'«,Ÿ?¬¨©TªÑ©Tµ|ª'«<ÒÎ¶>ª

¢@Çlµ’§L«,Ÿ?¶É¶>Ç�µ¨¡5¤l­¨¬’«:ª'©À¤†¯¨ªc¤?¡+¢@Å/¤	ª'¶>ª'»´ª'¯Ê¢I«N¦¨Ÿ?§L¯¨©,ËÎÅI¦’§L¶>ªe©T¢T¡5¬¨«:¢<¬o¡NŸ?¶|³Ú¤†¬’¯¨­¨Ÿ)¡5§>ª'©Àµ¨¡<¤Î­¨¬¨«:ªc¶>¤†¯¨±?ª,¡

«5¦’Ÿ?§L¯¨©,Áf¹eª'¶>ª,¢<§L¯o±´©<¦¨¤?¡<¢/«N¦¨Ÿ?§L¯¨©À¢<¦oª,¡<ª,¥R¤?¡<ªe¡<ª'­¨¬’«:ª'©À¢<¦¨ªe¯l¬¨»ê³|ª,¡À¤?¥q¥HŸ?¶L©Tªe¶LŸ?¯¨­’»	Ÿ)¡<ÒÎ©,Á�b §>±†¬¨¡<ª?AoÁh¼

©<¦o¤4ÅI©+Ÿ?¯wª:áoŸ?»´µ’¶Lª˜¤?¥X¢<¦¨ªŽ­oª,¢Tª'«:¢Tª'­×¶ÉŸ?¯¨­¨»	Ÿ)¡<ÒÎ©,Á




/� ��������	�

������������	������������������! #"$�% #&('*),+.-0/21�3

T�UWVXU�� �$^��Z^���� `�� � ����� ��_8_ ^�*�� ��� $�^ � �=^�*

Ók©O¢<¦oªI½À¿@©<«,Ÿ?¯’©ÀŸ)¡<ªCŸ?«

ã

¬¨§L¡<ª'­–Ë‰¶LŸ?¯’­¨»	Ÿ)¡<ÒÎ© Ÿ)¡<ªC©<¢T¤?¡<ª'­�§L¯´Ÿ¸·F¹ ³’§L¯¨Ÿ)¡5Ç¸Ÿ)¡<¡NŸ'Ç �ÃÅI¦¨§L«N¦´§L©OŸ?¶L§>±†¯¨ª'­

ÅI§>¢<¦

�

Á‰Ü+¦¨ªC¶LŸ?¯¨­’»	Ÿ)¡<Ò›Ÿ)¡<¡5Ÿ'Ç ��§L©O³’§É¯¨Ÿ)¡<Ç¸³Úª'«,Ÿ?¬’©TªI¤†¯¨¶LÇ¸¢<¦¨ªIµ¨¡<ª'©<ª'¯¨«:ªI¤?¥qª'Ÿ?«N¦…ª'­o±?ª'¶Ì§É©!©T¢T¤?¡<ª'­qí

¢<¦oª/¤?¡5§>ª'¯Ê¢<Ÿ)¢<§>¤†¯¸Ÿ?¯¨­ê©<¢T¡<ª'¯o±?¢<¦›Ÿ)¡<ªE­¨§L©<«,Ÿ)¡5­¨ª'­Ž©<§L¯’«:ª!¢<¦oª,Ç˜Ÿ)¡<ªE¯o¤?¢œ¡<ª

ã

¬¨§>¡<ª'­Ž¥º¤?¡fŸ?¶L§>±†¯¨»	ª'¯‰¢,Á���¦oª'¯

Ÿk½!¿@©5«,Ÿ?¯¸§É¯‰¢Tª,¡5©<ª'«:¢<©X¯o¤†¯o¿$ª'»´µ¨¢@ÇÑæHµ¨¡<ª,ÄÎ§>¤†¬¨©<¶>ÇCëÌ¶L¶Lª'­

é

Ä?¤'áÎª'¶L©f§L¯

�

Ë ��� �

�

§L©p­oª,¢Tª,¡N»	§L¯oª'­Ž³ÊÇeëÌ¯’­¨§L¯o±

«:¤?¡<¡<ª'©<µÚ¤†¯’­oª'¯¨«:ª'©à³|ª,¢@Å/ª,ª'¯×¶ÉŸ?¯¨­¨»	Ÿ)¡<ÒÎ©E§L¯²¢<¦oªŽ¯¨ª,Åõ½À¿@©<«,Ÿ?¯×Ÿ?¯¨­×¶LŸ?¯¨­¨»	Ÿ)¡5Òl©à§L¯ �CÁ

ÓÝ»�§L¯¨§L»¸¬¨»ì¯l¬¨»Ž³|ª,¡C¤?¥!§L¯Ê¢Tª,¡5©Tª'«:¢<§>¤†¯¨©C³|ª,¢@Å/ª,ª'¯×µÌ§2álª'¶É©I§L¯×¢<¦oª¸©5«,Ÿ?¯×µ’¶ÉŸ?¯oªŽŸ?¯¨­Ù¯o¤†¯Î¿$ª'»´µ’¢@Ç

Ä?¤'áÎª'¶L©+§É¯

�

§É©à¯oª,ª'­oª'­²¥R¤?¡+Ÿ?«,«,¬o¡5Ÿ)¢Tª˜¡<ª,±†§É©T¢T¡5Ÿ)¢<§>¤†¯–Á £K¯²¢<¦oªeµ’¦¨Ÿ?¯Ê¢T¤†»�©T¢<¬’­oÇ?Ëo¶LŸ?¯¨­¨»	Ÿ)¡5Ò	¡<ª,±†§L©T¢T¡NŸF¿

¢<§>¤†¯´§L©fŸ)¢T¢Tª'»´µ’¢Tª'­´¤†¯¨¶>Ç˜ÅC¦oª'¯›»´¤?¡<ªE¢<¦¨Ÿ?¯	¼

�

�ð¤?¥Ú¢<¦oªEµ’§2áÎª'¶L©X§É¯ê¢<¦¨ªE½À¿@©<«,Ÿ?¯�§L¯‰¢Tª,¡N©Tª'«:¢ µ¨¡<ª,ÄÎ§>¤†¬¨©<¶LÇ

ëÌ¶L¶Lª'­ÑÄ?¤.álª'¶É©I§L¯

�
	

Á

žf¤?¢Tª'¯Ê¢<§LŸ?¶!«:¤?¡<¡5ª'©Tµ|¤†¯¨­oª'¯¨«:ª'©e³|ª,¢@Å/ª,ª'¯°¶LŸ?¯’­¨»	Ÿ)¡<ÒÎ©e§L¯Ù¢<¦oª	½À¿@©<«,Ÿ?¯ÍŸ?¯¨­Ï¶ÉŸ?¯¨­¨»	Ÿ)¡<ÒÎ©e§L¯ �ðŸ)¡5ª

¥R¤†¬¨¯¨­Û³lÇÛ©<ª'Ÿ)¡5«5¦¨§É¯o±ÆŸÆ©Tµ’¦¨ª,¡5§L«,Ÿ?¶fÄ?¤†¶L¬¨»	ª	§L¯ ��¥º¤?¡˜ª'Ÿ?«N¦Ð¶ÉŸ?¯¨­¨»	Ÿ)¡<Ò®§L¯Ï¢<¦oª	½À¿@©<«,Ÿ?¯–ÁÆÔÎ§L¯’«:ª¸¢<¦¨ª

½À¿@©<«,Ÿ?¯¨©êŸ)¡<ª�Ÿ?«

ã

¬¨§>¡<ª'­Ï§L¯Û¡NŸ)µ’§L­Ï©<¬¨«,«:ª'©5©<§>¤†¯–Ëq¡5ª,±†§L©T¢T¡5Ÿ)¢<§>¤†¯°ª,¡<¡<¤?¡5©˜Ÿ)¡5ª´ª:álµ|ª'«:¢Tª'­°¢T¤×ÄFŸ)¡<ÇÛ©<¶>¤4ÅI¶>Ç

¥R¡<¤†»�¤†¯oªI½À¿@©<«,Ÿ?¯�¢T¤˜¢<¦oªI¯¨ª:ál¢,Á Ü+¦¨§É©f¤?³’©Tª,¡<Ä)Ÿ)¢<§>¤†¯	§L© ¬’©Tª'­´¢T¤˜µ’¶ÉŸ?«:ªà¢<¦oªI©Tµ’¦¨ª,¡5§L«,Ÿ?¶Î©Tª'Ÿ)¡5«N¦	Ä?¤†¶L¬¨»	ª

Ÿ)¢EŸ?¯ÑŸ)µ¨µ’¡<¤?µ¨¡5§LŸ)¢Tªk¶>¤Î«,Ÿ)¢<§>¤†¯�§L¯�¢<¦oªkÄ?¤'áÎª'¶ÚŸ)¡5¡5Ÿ'Ç?ËoŸ?¯¨­…Ÿ?¶L©T¤¸¶L§L»	§>¢O§L¢<©À©<§ �,ª�� ©Tª,ª?b §>±†¬¨¡<ª AoÁh·lÁ!ÜI¦oª

¡<ª,±†§L©<¢T¡5Ÿ)¢<§>¤†¯ÛŸ?¶>±?¤?¡5§>¢<¦’»�ª:Ø|ª'«:¢<§>Ä?ª'¶>Ç®¢T¡5Ÿ?«<ÒÎ©c¢<¦oª¸¡<ª,±†§L©<¢T¡5Ÿ)¢<§>¤†¯Ûª,¡<¡<¤?¡.ËÚÅC¦¨§L«5¦Ù§L©k¥HŸ)¡e»	¤?¡<ª›ª:äÑ«,§>ª'¯Ê¢

¢<¦¨Ÿ?¯…µ|ª,¡<¥R¤?¡5»	§L¯o±¸Ÿ?¯²¬¨¯¨«:¤†¯¨©T¢T¡NŸ?§L¯oª'­…©Tª'Ÿ)¡5«5¦²¥R¤?¡ � �
�

�

¥º¤?¡Eª'Ÿ?«N¦Æ½À¿@©<«,Ÿ?¯–Á!Ü+¦¨ªk©<§ �,ªC¤?¥X¢<¦oªc©Tª'Ÿ)¡5«5¦

Ä?¤†¶L¬¨»	ª˜§L©à±†§>Ä?ª'¯Æ§É¯wÜXŸ)³’¶Lª AoÁLÕ)Á

T�UWVXU T � ^�� ^E_ & `�� ! � `���� � ��
?_ !#�%*�� ��_ &'! � `�� ��� ! �9_ `�� !#� $�� ��&�� ��� � $�`����

Ü+¦oªÛ©Tª,¢²¤?¥Ž«:¤?¡<¡5ª'©Tµ|¤†¯¨­oª'¯¨«:ª'©Ñµ¨¡<¤Î­¨¬¨«:ª'©…»´¤?¡<ªÏ«:¤†¯¨©T¢T¡NŸ?§L¯‰¢<©…¢<¦¨Ÿ?¯ôŸ)¡<ªÛ¡<ª

ã

¬¨§>¡5ª'­ï¢T¤�­oª,¢Tª,¡5»	§É¯oª

���
�

�

Á�b’¤?¡Cª:áoŸ?»´µ’¶>ª?Ë’ª'Ÿ?«5¦Ù½!¿@©5«,Ÿ?¯Æ¤?¥f¢<¦oª˜µ’¦’Ÿ?¯‰¢T¤†»ß±?ª'¯oª,¡5Ÿ)¢Tª'©kŸ)µ¨µ¨¡<¤.áÎ§L»�Ÿ)¢Tª'¶>ÇÙÕ'¼95 5Ñ«,Ÿ?¯¨­¨§L­’Ÿ)¢Tª

«:¤?¡<¡<ª'©<µÚ¤†¯’­oª'¯¨«:ª'©,ËÊ³’¬o¢ ¤†¯¨¶>Ç›¢<¦o¡5ª,ªIŸ)¡<ªC¯¨ª,ª'­oª'­	¢T¤¸­oª,¢Tª,¡5»	§L¯¨ª ���
�

�

Á Ó�¶Lª'Ÿ?©T¢À©

ã

¬¨Ÿ)¡<ª'©!ª'©T¢<§L»	Ÿ)¢<§L¤†¯

¤?¥
�

�!�

�

§L©Ž§L¯’Ÿ)µ¨µ¨¡<¤?µ¨¡N§LŸ)¢Tª?ËX©<§É¯¨«:ª�»	Ÿ?¯ÊÇ°¤?¥à¢<¦oª…«,Ÿ?¯¨­¨§L­¨Ÿ)¢Tª…«:¤?¡<¡<ª'©Tµ|¤†¯¨­¨ª'¯¨«:ª'©êŸ)¡5ª�¤†¬o¢<¶L§Lª,¡5©,Áw£K¯Î¿

©T¢Tª'Ÿ?­–Ë‰¢<¦oª�>CÓ?<cÔoÓIî�æH¡5Ÿ?¯¨­o¤†»�©<Ÿ?»	µ’¶>ªE«:¤†¯¨©Tª'¯¨©<¬’©

é

¡<ª,±?¡<ª'©<©<§L¤†¯›¢Tª'«5¦¨¯¨§

ã

¬oªcæ%b §L©<«N¦¨¶>ª,¡OŸ?¯¨­›½/¤†¶L¶>ª'©'Ë

Õ'è




Õ

é

§É©c¬¨©Tª'­Û¢T¤×­oª,¢Tª,¡N»	§L¯oª ���
�

�

Ÿ?¯¨­Ï¡5ª0CKª'«:¢˜¢<¦¨ª´ª,¡<¡<¤†¯oª,¤†¬¨©c«:¤?¡5¡<ª'©Tµ|¤†¯¨­oª'¯¨«:ª'©'Á�>kÓ <˜ÔÎÓIî §É©

©<¬Îä…«,§>ª'¯‰¢<¶LÇ…¡5¤?³’¬¨©T¢+¢T¤²¢T¤†¶>ª,¡NŸ)¢Tª¸Ÿ…©<§>±†¯¨§>ëÌ«,Ÿ?¯‰¢Iµ¨¡<¤?µ|¤?¡<¢<§>¤†¯w¤?¥!ª,¡<¡<¤†¯oª,¤†¬¨©k«:¤?¡<¡<ª'©<µÚ¤†¯’­oª'¯¨«:ª'©,ÁIÜI¦oª

©T¢Tª,µ’©+¤?¥œ¢<¦¨ª >CÓ?<cÔÎÓIî ¡<ª,±?¡<ª'©<©5§>¤†¯wŸ)¡<ªŽ¶L§É©T¢Tª'­w§L¯ b §>±†¬o¡<ª AoÁBAoÁ

���
�

�

§L©c¬’©Tª'­Ù¢T¤Æ¢T¡5Ÿ?¯¨©T¥R¤?¡5»¾¢<¦oª´¯oª,ÅÝ½À¿@©<«,Ÿ?¯Ð§L»	Ÿ)±?ª ��§L¯Ê¢T¤w¢<¦oª	«:¤l¤?¡5­¨§L¯’Ÿ)¢Tª'©e¤?¥À¢<¦oª›Ä?¤.álª'¶

Ÿ)¡<¡5Ÿ.Ç

�

Ë)¢<¦oª'¯´¢<¦oªàµ’§>álª'¶L©œ¤?¥ �õŸ)¡<ª+Ÿ?­’­oª'­´¢T¤

�

Á �ô¦oª,¡<ªà¢<¦oª+½À¿@©<«,Ÿ?¯Ñ§L¯Ê¢Tª,¡5©Tª'«:¢<©Oµ’¡<ª,Äl§L¤†¬¨©<¶>ÇeëÌ¶É¶>ª'­

Ä?¤'áÎª'¶L©,ËlÅ/ª'§>±†¦‰¢Tª'­…Ÿ'Ä?ª,¡NŸ)±†§L¯o±›§L©!¬¨©<ª'­	¢T¤ê«:¤†»	µÚ¤†¬’¯¨­´¢<¦oªk¯oª,Å §L»�Ÿ)±?ªIÅI§>¢<¦	¢<¦oªIª:áo§L©T¢<§L¯¨±˜­¨Ÿ)¢<Ÿ�æm©Tª,ª

©T¢Tª,µ®·lÁBAoÁh¼Ñ§L¯ b §>±†¬o¡5ª AoÁLÕ

é

Á

ŒŽ•�� � If“PO›•Ž—

T�U��XUZY � ����� `�**` � `���� �"!�*�� ^ &

Ü+¦oª/Ÿ?«

ã

¬’§L©<§>¢<§>¤†¯ê©TÇÎ©T¢Tª'»ð«:¤†¯’©<§L©T¢Tª'­ê¤?¥’ŸkÜp¤†©<¦’§>³’ŸI»	¤l­oª'¶ÎÔ¨ÔÎÓI¿7¼

ý

5?Ó$#�4&%�¬¨¶>¢T¡NŸ?©T¤†¬¨¯¨­ê»	Ÿ?«5¦¨§É¯oª?Ë?Ÿ

ý

ç 4 �k¶L§É¯oª'Ÿ)¡ÀŸ)¡<¡NŸ'Ç´µ¨¡<¤?³|ª?ËlŸ?¯¨­�Ÿêžf¤†¶L¦oª'»¸¬¨©�b’Ÿ?©<¢T¡5Ÿ)Ò	µ|¤†©<§>¢<§>¤†¯Ñ©Tª'¯¨©T¤?¡/»´¤†¬¨¯Ê¢Tª'­�¤†¯Ñ¢<¦oªCµ¨¡<¤?³|ª?Á

'�(

[*)4j

�

b7`$\hb#^0y

�

nD`$^#j/`

Y

^,+Fj$_H`E_.-Ú^K^/)�\Q[	`

Y

^

Z

g9`mj

�

_

W0Z

[)i´^10

�


à\Q[

�

`$\

W

[‰y

�

gQg–_

Z

dF_m^/2

Z

^K[,`43

�

_mb

�

[F_/\h[,`$^#j$_m^#b#`

�

_

Z�5

bK\Q^K[,`

�




W0Z

['`

W

nod

�

_m^KgQ\Q[F^!i

�

`

�

`

W

)?^#jmn

W

j�
Èj$^KaN\Q_H`mj

�

`$\

W

[‰s



��
�� 	*�W�  �#������� 
 	*�#��" 
��

P
(a) (b) (c)

in B-scan

Search volume

Landmarks (edgels) Existing landmarks
in voxel array

Repositioned
B-scan

Optimally
registered B-scan

for one landmark

Apply correction
from B-scan n-1

Find TC *

b §>±†¬o¡<ª AoÁh· � �

�� �"!������������� ��
 " �*
 & ���6	��*�E	����� �

£K¯ÈæmŸ

é

Ë|½À¿@©<«,Ÿ?¯
	Ã§L©k§L¯¨©Tª,¡5¢Tª'­×§L¯Ê¢T¤Ñ¢<¦¨ªêÄ?¤.álª'¶

Ÿ)¡<¡5Ÿ.Ç®Ÿ)¢c¢<¦oª´¶>¤Î«,Ÿ)¢<§>¤†¯Û§L¯¨­’§L«,Ÿ)¢Tª'­×³lÇ×¢<¦¨ªêµ|¤†©<§>¢<§L¤†¯®©Tª'¯’©T¤?¡'ÁêÔÎ§>±†¯’§2ëÌ«,Ÿ?¯Ê¢C¡<ª,±†§É©T¢T¡5Ÿ)¢<§>¤†¯Ùª,¡<¡<¤?¡N©kŸ)¡5ª

ª,ÄÎ§L­oª'¯Ê¢×æHª:áÎŸ)±?±?ª,¡NŸ)¢Tª'­ ¦oª,¡<ªÆ¥R¤?¡Ñ«,¶LŸ)¡N§>¢@Ç

é

Á�ÓC¥R¢Tª,¡ÑŸ)µ¨µ’¶LÇl§L¯¨±Ù¢<¦¨ªÆ¡5§>±†§L­ï³Ú¤Î­oÇÃ«:¤?¡<¡<ª'«:¢<§>¤†¯ ¥º¤†¬’¯¨­

¥R¡<¤†»�¡<ª,±†§É©T¢Tª,¡5§L¯o±	½À¿@©<«,Ÿ?¯�	

-

Õ)ËÚ¤†¯¨¶>Ç²©<»	Ÿ?¶É¶–¡<ª'©<§L­’¬¨Ÿ?¶|ª,¡<¡<¤?¡5©I¡<ª'»	Ÿ?§L¯ÍæH³

é

Á/ÜI¦oª'©TªêŸ)¡5ªŽ«:¤?¡<¡<ª'«:¢Tª'­

³lÇ®¶LŸ?¯¨­’»	Ÿ)¡<ÒÊ¿$³’Ÿ?©Tª'­®¡<ª,±†§L©T¢T¡5Ÿ)¢<§L¤†¯–Á˜Óâ©<»�Ÿ?¶L¶X©<µ’¦oª,¡5§L«,Ÿ?¶œ©Tª'Ÿ)¡5«N¦ÏÄ?¤†¶L¬¨»	ª¸§L©e­oª:ëÚ¯oª'­®Ÿ)¡5¤†¬¨¯¨­Ùª'Ÿ?«5¦

¡<ª,µ|¤†©<§>¢<§L¤†¯oª'­È¶LŸ?¯¨­¨»	Ÿ)¡5ÒòæHª'­o±?ª'¶

é

§É¯ � �!Ÿ?¯‰ÇÈ¶LŸ?¯¨­’»	Ÿ)¡<ÒÎ©¸§É¯ �â¥R¤†¬¨¯¨­ÃÅI§>¢<¦’§L¯Í¢<¦’§L©›Ä?¤†¶L¬¨»´ªÆŸ)¡5ª

»	Ÿ)¡<Ò?ª'­êŸ?©q«,Ÿ?¯¨­¨§É­¨Ÿ)¢Tª!«:¤?¡<¡<ª'©<µÚ¤†¯’­oª'¯¨«:ª'©–¥R¤?¡q¢<¦oª!¶ÉŸ?¯¨­¨»	Ÿ)¡<Òk§L¯ �´Á;>kÓ <˜ÔÎÓIîÙ¡5ª,±?¡<ª'©<©<§>¤†¯Ž§L©q¬¨©Tª'­˜¢T¤

ëÌ¯¨­Ž¢<¦oª/¤?µ¨¢<§L»	Ÿ?¶‰¡5§>±†§L­Ž³Ú¤Î­oÇe¢T¡5Ÿ?¯¨©<¥º¤?¡5»�Ÿ)¢<§>¤†¯
�

���

�

ÅI¦¨§L«N¦êŸ?¶É§>±†¯¨©pŸ?©œ»	Ÿ?¯ÊÇ˜¤?¥¨¢<¦oª/«:¤?¡<¡<ª'©Tµ|¤†¯¨­’§L¯o±

¶LŸ?¯¨­’»	Ÿ)¡<ÒÎ©cŸ?©cµ|¤†©<©<§>³’¶Lª&� ©<ª,ª�b §>±†¬o¡<ª AoÁBAoÁ�b §L¯’Ÿ?¶L¶>Ç?Ë–¢<¦oª�½À¿@©<«,Ÿ?¯Ð§L©c§L¯¨©<ª,¡<¢Tª'­Ï§L¯Ê¢T¤×§>¢<©e¤?µ¨¢<§L»�Ÿ?¶

µ|¤†©<§>¢<§>¤†¯w§É¯²¢<¦oªcÄ?¤'áÎª'¶pŸ)¡<¡NŸ'Çw¬¨©<§L¯¨± ���
�

�

æm«

é

Á




�� ��������	�

������������	������������������! #"$�% #&('*),+.-0/21�3

C
P

T reg

T reg TC
P

.*TC
P

T reg

T reg

T reg

*

regT

2. Reject these correspondences if they are not consistent with a rigid

1. Randomly pick three pairs of corresponding landmarks from the full set

4. Calculate a linear affine transformation

T

of correspondences.

by

body transformation.

landmarks inP
in
transformation.

3. Reject these correspondences if the landmarks in

 which brings the three

are too close together
in step 4 is ill-conditioned).

P

into precise registration with the corresponding landmarks

or colinear (otherwise the calculation of

L

5. Transform all the remaining landmarks inP .

consensus set for

transformation
is then combined with

.   The remaining landmarks are deemed outliers.

preset threshold: this to form the optimal

.  The pruning in step 2 ensures that represents a rigid body

7. Repeat from step 1 until a is found with a consensus set larger than a

6. Count how many transformed landmarks inP
.  Those landmarks that do coincide contribute to thewith landmarks in L

coincide (within one voxel)
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Õ65†è



� � � ���#���#	�

� ��� �P�!�E	������.� ������� �� �"!�% �& '9)��
-��E3

indistinct boundary

the pulse transmission direction

pulse transmission
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gall bladder

blurred boundary
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ÜI¦oªà±†Ÿ?¶L¶o³’¶ÉŸ?­¨­oª,¡ §L© ¢<¦oª+­’Ÿ)¡<Ò¸«,§L¡T¿

«,¬¨¶LŸ)¡ ¡5ª,±†§>¤†¯DC<¬¨©T¢ ¶>ª,¥R¢ ¤?¥Ú«:ª'¯Ê¢T¡<ª?ÁOç®¤†©T¢O¤?¥Ú¢<¦oª+µ¨¡<¤?µ|ª,¡<¢<§Lª'©X¤?¥|¬¨¶>¢T¡NŸ?©T¤†¬¨¯¨­¸¢<¦¨Ÿ)¢!§É¯¨¦¨§>³’§L¢pŸ?¬o¢T¤†»	Ÿ)¢<§L«

Ÿ?¯¨Ÿ?¶>ÇÎ©<§L©eŸ)¡<ª´µ’¡<ª'©Tª'¯Ê¢e§É¯®¢<¦’§L©c§L»	Ÿ)±?ª?Á¸£#¯ÛµÌŸ)¡<¢<§L«,¬¨¶LŸ)¡.ËÚ¢<¦¨ª›©<µÚª'«5Òl¶Lª¸µÌ¦oª'¯o¤†»´ª'¯o¤†¯Ï§É©CÄÎ§L©<§L³’¶>ªêŸ?©ŽŸ

±?¡5Ÿ?¯l¬¨¶LŸ)¡E¢Tª:áÎ¢<¬o¡<ªe¢<¦o¡<¤†¬o±†¦¨¤†¬o¢E¢<¦oªc§L»	Ÿ)±?ª?ÁOÜ+¦oªc§L¯Ê¢Tª'¯¨©<§L¢@Ç	¤?¥X¢<¦oªe±†Ÿ?¶L¶Ú³’¶LŸ?­¨­oª,¡/³|¤†¬¨¯¨­¨Ÿ)¡5Ç´ÄFŸ)¡5§Lª'©

Ÿ)¡<¤†¬¨¯’­Ñ§>¢<©E¶>ª'¯¨±?¢<¦–ÁÀÔlª'«:¢<§>¤†¯¨©/¤?¥q¢<¦¨ªk³|¤†¬¨¯’­¨Ÿ)¡<Ç›¢<¦¨Ÿ)¢àŸ)¡<ªeµ|ª,¡<µ|ª'¯¨­¨§L«,¬¨¶ÉŸ)¡O¢T¤›¢<¦oªCµÌ¬¨¶L©TªC¢T¡5Ÿ?¯¨©<»	§É©K¿

©<§>¤†¯Ð­¨§>¡<ª'«:¢<§L¤†¯Ïµ¨¡<¤Î­¨¬¨«:ª�¦’§>±†¦Í§L¯Ê¢Tª'¯¨©<§L¢@ÇÛª'«5¦o¤lª'©,ËOŸ?¯¨­Ð©Tª'«:¢<§>¤†¯¨©ê¢<¦¨Ÿ)¢¸Ÿ)¡<ªÑµÌŸ)¡5Ÿ?¶L¶>ª'¶ µ’¡<¤l­’¬¨«:ª	¶>¤.Å

§L¯Ê¢Tª'¯¨©<§>¢7ÇÑª'«N¦o¤lª'©,Á
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ã
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Ü+¦¨ªŽµ¨¡<ª,ÄÎ§>¤†¬¨©I«5¦¨Ÿ)µ¨¢Tª,¡c¦¨Ÿ?©kŸ?¶>¡<ª'Ÿ?­¨Ç²­¨ª'»´¤†¯¨©T¢T¡5Ÿ)¢Tª'­®¢<¦¨Ÿ)¢k¢<¦oªŽÒ?ª,Ç×¢T¤…©TµÌŸ)¢<§LŸ?¶p«:¤†»´µ|¤†¬¨¯’­¨§L¯o±

§L©›Ÿ?«,«,¬o¡5Ÿ)¢Tªw¡5ª,±†§L©T¢T¡5Ÿ)¢<§>¤†¯Ã¤?¥I§É»	Ÿ)±?ª²¥ºª'Ÿ)¢<¬o¡5ª'©,ÁÍÜ+¦¨§É©ê«N¦¨Ÿ)µ¨¢Tª,¡	§L¯Ê¢T¡<¤Î­¨¬¨«:ª'©¸ŸÙ¯¨ª,Å˜ËO»´¤?¡<ª²¡<¤?³’¬’©T¢

¡<ª,±†§L©<¢T¡5Ÿ)¢<§>¤†¯È¢Tª'«5¦’¯¨§

ã

¬oªw¥º¤?¡�ª:álµ|ª,¡5§L»	ª'¯‰¢<©¸¤†¯ïŸÏ¦l¬¨»	Ÿ?¯Èµ’Ÿ)¢<§Lª'¯‰¢,ÁïÜ+¦¨ª'©Tª²ª:álµ|ª,¡5§L»	ª'¯‰¢<©´Ÿ?§L»�¢T¤

­oª'»´¤†¯’©T¢T¡5Ÿ)¢Tª˜¢<¦¨Ÿ)¢C§L»	Ÿ)±?ª:¿$³’Ÿ?©Tª'­×¡<ª,±†§L©T¢T¡NŸ)¢<§>¤†¯Æ§L©E¥Rª'Ÿ?©<§>³’¶Lªk¥R¤?¡I­¨Ÿ)¢<Ÿ�Ÿ?«

ã

¬¨§L¡<ª'­Ï÷Rø®ù4÷ºù)üoÁ
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£K¯ÑŸ¸¢@Çlµ’§L«,Ÿ?¶–·F¹ ¬¨¶>¢T¡5Ÿ?©<¤†¬¨¯¨­	ª:áoŸ?»	§L¯’Ÿ)¢<§>¤†¯–Ël¢<¦oªCµÌ¦‰ÇÎ©<§L«,§LŸ?¯Ñ©<«,Ÿ?¯¨©E©<»´¤l¤?¢<¦¨¶>Ç	Ÿ?¯’­…«:¤†¯Ê¢<§L¯l¬o¤†¬¨©<¶LÇ	Ÿ

¡<ª,±†§>¤†¯®¤?¥!§L¯Ê¢Tª,¡<ª'©T¢k¥R¡<¤†»ß¤†¯¨ªêª:áÎ¢Tª'¯‰¢e¢T¤…¢<¦oª¸¤?¢<¦oª,¡'ÁIÞ/Ÿ?«5¦Ï©TÅ/ª,ª,µÙ¤?¥O¢<¦oª¸¡<ª,±†§>¤†¯Ù«,Ÿ?¯®³|ª¸¬¨©Tª'­®¢T¤

¡<ª'«:¤†¯¨©<¢T¡5¬¨«:¢˜ŸÆ·F¹ì­¨Ÿ)¢<Ÿw©Tª,¢,Á›Ü+¦oª´¶>¤l¤?Ò®­¨§L¡<ª'«:¢<§>¤†¯Ù¤?¥À¢<¦¨ª¸µ’¡<¤?³|ª²æK÷������q¶L¤l«,Ÿ)¢<§>¤†¯Û¤?¥À¢<¦oª	Ÿ?«:¤†¬¨©T¢<§É«

ÅI§L¯’­o¤.Å

é

§L©I«N¦¨Ÿ?¯o±?ª'­Ï©<¶É§>±†¦‰¢<¶LÇ…³|ª,¢7ÅÀª,ª'¯Ùª'Ÿ?«5¦Ï©<ÅÀª,ª,µÏ©T¤…¢<¦¨Ÿ)¢e­¨§2Ø|ª,¡<ª'¯‰¢CÄl§Lª,ÅI©I¤?¥!¢<¦oªê¡5ª,±†§>¤†¯®Ÿ)¡5ª

¤?³¨¢<Ÿ?§L¯¨ª'­–Á

Ók© §L¯¸¢<¦oªEµ¨¡<ª,ÄÎ§>¤†¬¨©œ«5¦¨Ÿ)µ’¢Tª,¡'ËÊ©TµÌŸ)¢<§LŸ?¶Î«:¤†»´µ|¤†¬¨¯¨­¨§L¯¨±I§L©œµ|ª,¡<¥º¤?¡N»´ª'­¸³ÊÇ¸Ÿ?«,«,¬o¡5Ÿ)¢Tª'¶>Çê¡<ª,±†§L©T¢Tª,¡5§É¯o±

¢<¦oªk©<¬o³’©Tª

ã

¬oª'¯Ê¢!©TÅ/ª,ª,µ’©À¢T¤ê¢<¦oªIë’¡5©T¢!³’Ÿ?©Tª'¶L§L¯¨ªI©TÅ/ª,ª,µqÁ Ü+¦oªI¡5ª'©<¬¨¶>¢<© ¤?¥–¢<¦¨ªIµ¨¡<ª,ÄÎ§>¤†¬¨©À«5¦¨Ÿ)µ’¢Tª,¡/Ÿ?¶L©<¤

­oª'»´¤†¯’©T¢T¡5Ÿ)¢Tª'­w¢<¦¨Ÿ)¢I¢<¦oªŽ»	Ÿ�CT¤?¡5§>¢7ÇÑ¤?¥f¡<ª,±†§L©<¢T¡5Ÿ)¢<§>¤†¯wª,¡<¡5¤?¡5©e÷ºøÛù4÷RúHûTü�«:¤†¬’¶L­²³|ª˜«:¤?¡<¡<ª'«:¢Tª'­Æ³lÇwŸ´©<§2á

¹

@

b ¡5§>±†§L­Ã³|¤Î­oÇ°¡<ª,±†§L©<¢T¡5Ÿ)¢<§>¤†¯–ÁÐ£7¢	§L©´¦¨¤?µÚª'­Ã¢<¦¨Ÿ)¢´¡N§>±†§L­Ã³|¤l­oÇÍ¡<ª,±†§L©T¢T¡5Ÿ)¢<§L¤†¯ÈÅI§L¶L¶/Ÿ?¶L©T¤Ï«:¤?¡<¡<ª'«:¢

¢<¦oª¸»	Ÿ�CK¤?¡N§>¢@Ç²¤?¥ ¡<ª,±†§L©<¢T¡5Ÿ)¢<§>¤†¯wª,¡<¡5¤?¡5©˜÷RøÏù.÷RùFü¨Á!ÂOª,¢e§L¯¨©T¢Tª'Ÿ?­Æ¤?¥ ¡<ª,±†§L©T¢Tª,¡5§É¯o±�¼F¹ ½À¿@©<«,Ÿ?¯¨©C¢T¤ÑŸÑ·F¹

³’Ÿ?©Tª'¶É§L¯oªÑ­’Ÿ)¢<ŸÙ©<ª,¢,ËO¦oª,¡<ª…ª'¯‰¢<§>¡5ª²·F¹¾­¨Ÿ)¢<ŸÛ©Tª,¢<©´Ÿ)¡<ª…¡<ª'«:¤†¯¨©T¢T¡N¬¨«:¢Tª'­ æmŸ)±†Ÿ?§L¯È¬¨©<§L¯¨±×¢<¦oª²©T¢<Ÿ?¯¨­¨Ÿ)¡N­

ž <D<�¡<ª'«:¤†¯’©T¢T¡5¬¨«:¢<§>¤†¯Ã»´ª,¢<¦o¤Î­ÐÅI§>¢<¦o¤†¬o¢¸¦o¤†¶>ª:¿mëÌ¶É¶L§L¯o± � ©Tª,ªÆÔlª'«:¢<§>¤†¯�¼lÁh¼

é

Ÿ?¯¨­Í¡5ª,±†§L©T¢Tª,¡<ª'­Ã¢T¤ÛŸ
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ã
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§L»	Ÿ)±?ª'©'Ë?³’¬o¢pÄ?ª,¡5Ç˜¥ºª,Å�Ÿ)¢T¢Tª'»´µ’¢<©f¢T¤eŸ)µ’µ’¶>Çe¢<¦oª'©TªE¢Tª'«5¦’¯¨§

ã
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ã
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é
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ã
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Ÿ?©…¬¨©Tª'­�¥R¤?¡�¢<¦oª®µ’¦¨Ÿ?¯Ê¢T¤†» ©T¢<¬’­oÇÈ¤?¥˜îà¦¨Ÿ)µ¨¢Tª,¡ AoÁ Ü+¦¨ª×©<§L»´µÌ¶>ª'©T¢›¤?¥c¢<¦oª'©TªÙ§L©	Ÿ?©<©<§É©T¢Tª'­ïµ|¤†§L¯Ê¢K¿
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«,Ÿ?¯Ð³ÚªÑ¬¨©Tª'­Í§É¯¨©T¢Tª'Ÿ?­–ËfŸ?¯¨­ÍŸ)¡5ª�ª:áÎ¢T¡5Ÿ?«:¢Tª'­Ã³ÊÇÛª'§>¢<¦oª,¡¸»	Ÿ?¯l¬¨Ÿ?¶O¤?¡›Ÿ?¬o¢T¤†»	Ÿ)¢<§L«…»´ª,¢<¦o¤Î­¨©,Á %e§>Ä?ª'¯
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Ÿ?¶L§>±†¯¨©e§>¢kÅI§>¢<¦Ù¢<¦oª›³’Ÿ?©Tª'¶É§L¯oª›­¨Ÿ)¢<Ÿ²©T¤w¢<¦¨Ÿ)¢c«:¤†»´µ|¤†¬¨¯¨­¨§É¯o±Ñ«,Ÿ?¯Û³|ª›µ|ª,¡<¥º¤?¡N»´ª'­
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1. Establish the baseline from the first sweep

1.1 Create 1 mm and 2 mm resolution data sets

1.2 Calculate the gradients at both resolutions

2. Register each sweep to the baseline

2.2 Calculate the gradients at both resolutions

2.1 Create 1 mm and 2 mm resolution data sets

(the baseline gradients remain unchanged for registration of all sweeps).

then at 1 mm resolution

2.4           is determined from the maximum of the correlation coefficient

3. Compound sweep data

Repeat steps 2 and 3 for each sweep

2.3 Correlate the gradient magnitudes with the baseline gradient, first at 2 mm,

1.3 The 1mm baseline data set is compounded with the following sweeps

and previous sweeps using average intensity - see step 3.4.2 of Figure 4.1

*TC
P3.1 Transform each B-scan in the sweep by         ,  and compound with baseline
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»´¤?¢<§>¤†¯o¿@§L¯¨­¨¬¨«:ª'­êª,¡<¡<¤?¡N©œ­’¬o¡5§L¯o±C©<«,Ÿ?¯¨¯¨§L¯¨±oÁœÓCµ¨µ¨¡<¤.áÎ§É»	Ÿ)¢Tª'¶>Ç	Õ65 5c½À¿@©<«,Ÿ?¯¨©fÅ/ª,¡<ªE¡<ª

ã

¬¨§>¡<ª'­ê¢T¤˜«:¤.Ä?ª,¡

¢<¦oªE±†Ÿ?¶L¶l³’¶LŸ?­’­oª,¡X¥R¡<¤†»�¢<§>µ›¢T¤e¢<Ÿ?§L¶lÅI§>¢<¦¸©<¬ÎäÑ«,§Lª'¯‰¢œ¡<ª'©T¤†¶L¬¨¢<§>¤†¯¸¢T¤CëÚ¶L¶‰Ÿc­¨Ÿ)¢<Ÿe©Tª,¢fÅI§L¢<¦ÑÕE»	» Ä?¤.álª'¶L©

ÅI§>¢<¦¨¤†¬o¢E±†Ÿ)µ’©,Á/ÔÎ§É¯¨«:ªC¢<¦¨ª˜Ÿ?«

ã

¬¨§É©<§>¢<§>¤†¯²©TÇÎ©T¢Tª'»ì¡<ª'«:¤?¡N­oª'­Æ½À¿@©<«,Ÿ?¯¨©+Ÿ)¢k¼��¸¥ºµ’©'Ë’Ö95 5	½À¿@©<«,Ÿ?¯¨©+«:¤†¬¨¶É­

³|ª	Ÿ?«

ã

¬’§>¡<ª'­°§L¯°¤†¯¨¶>ÇÏ¼*A®©Tª'«:¤†¯¨­’©,ÁÑÜ+¦’§L©˜Ÿ?¶L¶>¤4ÅÀª'­Í©<§2áÏ©TÅÀª,ª,µÌ©˜¤?¥à¢<¦oª	¤?¡5±†Ÿ?¯Í­¨¬o¡N§L¯o±²¢<¦¨Ÿ)¢˜¢<§L»	ª?Á

ÔÎ§L¯’«:ªkŸ?¶L¶|©<§>áÑ©TÅ/ª,ª,µ’©EÅÀª,¡5ªeŸ?«

ã

¬¨§>¡5ª'­…§É¯…Ÿ›©<§É¯o±†¶>ªkª:áÎŸ?»	§É¯¨Ÿ)¢<§>¤†¯–ËÎ¢<¦oªc½À¿@©<«,Ÿ?¯¨©EÅ/ª,¡<ª˜©<¬o³Ì©Tª

ã

¬¨ª'¯‰¢<¶>Ç

±?¡<¤†¬oµ|ª'­c§L¯Ê¢T¤I«:¤†¦oª,¡5ª'¯‰¢p©<ÅÀª,ª,µ’©p³ÊÇe»	Ÿ?¯l¬¨Ÿ?¶L¶>ÇC¡<ª,ÄÎ§>ª,ÅI§L¯o±E¢<¦oªÀ½!¿@©5«,Ÿ?¯¨©p§L¯˜¢<¦oª ¤?¡5­oª,¡q¤?¥oŸ?«

ã

¬¨§L©<§L¢<§>¤†¯–Á

ÓC¥º¢Tª,¡!±?¡<¤†¬oµ’§L¯¨±k¢<¦¨ª+½!¿@©5«,Ÿ?¯¨©O§L¯Ê¢T¤˜©TÅ/ª,ª,µ’©,Ë‰ŸeÄ?¤.álª'¶ÌŸ)¡<¡5Ÿ'Ç¸ÅEŸ?©O¡<ª'«:¤†¯¨©<¢T¡5¬¨«:¢Tª'­´¥R¤?¡ ª'Ÿ?«5¦Ñ©TÅÀª,ª,µ

¬¨©<§É¯o±®¢<¦¨ªÆ³’Ÿ?©<§L«…ž <?<¾Ÿ?¶>±?¤?¡5§>¢<¦’» æ%bf§L±†¬o¡<ª×¼lÁh¼

é

ÁïÓE¢	¢<¦¨§É©´©T¢<Ÿ)±?ª®§>¢´§L©›µ|¤†©<©5§>³’¶>ªÑ¢T¤ÍŸ)µ¨µ¨¡<ª'«,§ÉŸ)¢Tª

¢<¦oªÏ¡<ª,±†§É©T¢T¡5Ÿ)¢<§>¤†¯ôª,¡<¡5¤?¡5©²³ÊÇ�ÄÎ§>ª,ÅI§L¯o±È«:¤?¡<¡<ª'©<µÚ¤†¯’­¨§L¯o±È©<¶L§L«:ª'©…¢<¦o¡5¤†¬o±†¦ô¢<¦oªÏ¡<ª'«:¤†¯¨©<¢T¡5¬¨«:¢<§>¤†¯¨© �

©Tª,ª bf§L±†¬o¡<ª �lÁhÖlÁðî/¤†»	µÚ¤†¬’¯¨­¨§L¯o±Û¢<¦oª®©TÅÀª,ª,µÌ©Ñ¬¨©5§L¯o±Ï¢<¦oªÆµ|¤†©<§L¢<§>¤†¯ï»´ª'Ÿ?©<¬¨¡<ª'»´ª'¯Ê¢<©ÑŸ?¶>¤†¯¨ªÆ±†Ÿ'Ä?ª

¬¨¯¨©5Ÿ)¢<§L©T¥HŸ?«:¢T¤?¡<Ç®¡5ª'©<¬¨¶>¢<©,ËXŸ?©˜«,Ÿ?¯°³|ª´©Tª,ª'¯Í§É¯ bf§L±†¬o¡<ª �lÁ

ý

Á…îE¶Lª'Ÿ)¡5¶>Ç?Ëp§L»�Ÿ)±?ª:¿$³’Ÿ?©Tª'­Ï¡<ª,±†§É©T¢T¡5Ÿ)¢<§>¤†¯°§É©

ª'©<©Tª'¯Ê¢<§LŸ?¶–¥R¤?¡IŸ?«,«,¬o¡NŸ)¢Tªê©Tµ’Ÿ)¢<§ÉŸ?¶q«:¤†»´µ|¤†¬¨¯¨­¨§É¯o±oÁ

Ü+¦¨ª˜ë’¡5©<¢I©T¢<Ÿ)±?ª¸¤?¥ ¡<ª,±†§L©T¢T¡5Ÿ)¢<§L¤†¯ÆÅEŸ?©I¢<¦oª¸«,Ÿ?¶L«,¬¨¶LŸ)¢<§L¤†¯Æ¤?¥ ¢<¦oªê±?¡5Ÿ?­¨§>ª'¯Ê¢<©,Á+Ü+¦oª'©<ªŽÅ/ª,¡<ªê«,Ÿ?¶L«,¬o¿

¶LŸ)¢Tª'­ÐŸ)¢ê³|¤?¢<¦Í¼×»	»ñŸ?¯¨­ Õ�»	» ¡<ª'©T¤†¶L¬o¢<§L¤†¯¨© � ©Tª,ª b §>±†¬o¡5ª �lÁ �lÁÆÜ+¦oª	©<«,Ÿ?¶Lª�¤?¥à¢<¦oª	±?¡NŸ?­¨§>ª'¯Ê¢

¤?µ|ª,¡5Ÿ)¢T¤?¡CæHÒ?ª,¡N¯oª'¶’©T¢<Ÿ?¯’­¨Ÿ)¡5­	­oª,ÄÎ§LŸ)¢<§>¤†¯��
,

¼c»	»

é

Å/Ÿ?©À«5¦o¤†©Tª'¯Ñ¢T¤Ž»	§É¯¨§L»	§L©<ªÀ¢<¦oªIª:ØÚª'«:¢À¤?¥|©<µÚª'«5Òl¶Lª?Ë

Ç?ª,¢	¡<ª,¢<Ÿ?§É¯�¢<¦oªÆ¥Rª'Ÿ)¢<¬o¡<ª'©´¤?¥k¢<¦oª×Ÿ?¯’Ÿ)¢T¤†»	§L«,Ÿ?¶+©T¢T¡N¬¨«:¢<¬o¡<ª'©,ÁïÜI¦oªÆ«:¤?¡<¡<ª'¶LŸ)¢<§L¤†¯ï«,Ÿ?¶L«,¬¨¶LŸ)¢<§L¤†¯¨©›ÅÀª,¡5ª

µ|ª,¡<¥R¤?¡5»´ª'­Ñ¤†¯wŸ´Ôo§L¶L§L«:¤†¯ %k¡5Ÿ)µ’¦¨§É«,©À£K¯¨­¨§L±?¤›¼ê£K»´µ’Ÿ?«:¢cÕ65 5 5 5´Å/¤?¡<Òl©<¢<Ÿ)¢<§>¤†¯–ËÎ¢<Ÿ)Òl§É¯o±	·lÁhÖ›¦o¤†¬o¡5©Àµ|ª,¡

©TÅ/ª,ª,µqÁ Ü+¦¨§L©f§L¯’«,¶L¬¨­oª'­¸«,Ÿ?¶L«,¬¨¶LŸ)¢<§L¤†¯›¤?¥Ì¢<¦oªà±?¡NŸ?­¨§>ª'¯Ê¢<© Ÿ?¯¨­´¢<¦oªE¢@Å/¤ê©<ª'Ÿ)¡5«5¦oª'©!Ÿ)¢O³|¤?¢<¦›¡<ª'©T¤†¶L¬o¢<§L¤†¯¨©,Á

�ô¦¨§L¶>ªÀ¢<¦¨§L©p§É©X¬¨¯’­o¤†¬o³¨¢<Ÿ)³’¶LÇk«:¤†»´µÌ¬o¢<Ÿ)¢<§>¤†¯¨Ÿ?¶L¶LÇkª:áÎµ|ª'¯¨©<§>Ä?ª?Ë)¢<¦oª/¢<§L»´ª'©œŸ)¡<ªE«:¤†»´µ’Ÿ)¡5Ÿ)³Ì¶>ª!ÅI§L¢<¦Ž¢<¦o¤†©<ª

Ÿ?«,«:ª,µ¨¢Tª'­×¥º¤?¡CîEÜôŸ?¯¨­wç > ¡<ª,±†§É©T¢T¡5Ÿ)¢<§>¤†¯ÏæHÄ)Ÿ?¯w­oª'¯²ÞÀ¶É©Tª'¯…ª,¢+Ÿ?¶mÁ>Ë–Õ'è?è��

é

ËÌŸ?¯¨­²¢<¦oªeµ¨¡5¤l«:ª'­¨¬¨¡<ªk«,Ÿ?¯
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ÔlÅ/ª,ª,µ’© 5Ž¢T¤ �˜Ÿ)¡<ªe©<¦o¤4ÅI¯�§É¯	¢@Å/¤›¡<¤.ÅC©,Ël©<¢<Ÿ)¡<¢<§L¯o±ê¥º¡<¤†» ¢<¦oªC¢T¤?µ²¶Lª,¥º¢,Á Ók¶L¶’©<¶É§L«:ª'©!Ÿ)¡<ªk¢<Ÿ)Ò?ª'¯²Ÿ)¢À¢<¦¨ª

©<Ÿ?»´ªe¶>¤Î«,Ÿ)¢<§>¤†¯²§L¯Ñ¢<¦oªC¡5ª'«:¤†¯¨©T¢T¡5¬¨«:¢<§L¤†¯–Ël§É­oª'¯‰¢<§É«,Ÿ?¶’¢T¤›¢<¦oªe¶>¤Î«,Ÿ)¢<§>¤†¯¨©E¬¨©Tª'­…§L¯cbf§L±†¬o¡<ª'© �lÁ

ý

Ÿ?¯’­ �lÁhèlÁ

Ü+¦oªO­’Ÿ)¢<Ÿ+¦¨Ÿ'Ä?ª/¯o¤?¢p¬¨¯’­oª,¡<±?¤†¯oªOŸ?¯ÊÇc¦o¤†¶>ª:¿mëÌ¶L¶É§L¯o±oË'©T¤+±†Ÿ)µÌ©q¡<ª'»	Ÿ?§É¯c§L¯˜©T¤†»´ª!¡<ª'«:¤†¯¨©T¢T¡5¬’«:¢<§>¤†¯¨©–ÅI¦¨ª,¡<ª

¢<¦oªe½À¿@©<«,Ÿ?¯¨©àŸ)¡<ªkÅI§L­oª'¶LÇ›©<µ’Ÿ?«:ª'­–ÁOÜ+¦oªk«:¡<¤†©<©K¿@©<ª'«:¢<§>¤†¯¨©/¤?¥q¢<¦oªe±†Ÿ?¶L¶Ì³’¶LŸ?­¨­¨ª,¡ÀŸ)µ¨µ|ª'Ÿ)¡E­¨§2Ø|ª,¡<ª'¯‰¢<¶LÇ	§L¯

ª'Ÿ?«5¦Ù©TÅ/ª,ª,µqË¨§L¯¨­’§L«,Ÿ)¢<§L¯o±´©<§>±†¯’§2ëÌ«,Ÿ?¯Ê¢/¡5ª,±†§L©T¢T¡5Ÿ)¢<§>¤†¯Æª,¡<¡<¤?¡5©,Á
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é

æm»	»

é

æm»	»

é

æm­oª,±?¡<ª,ª'©

é

æm­¨ª,±?¡<ª,ª'©

é

æm­oª,±?¡5ª,ª'©

é

Õ ¿7¼lÁ 5 èlÁ 5 5ÎÁ 5 ¿7ÖlÁh· ¿5Õ)Á

ý

5ÎÁhÖ

¼ ¿7·lÁ 5 Õ'ÖlÁ 5 ¿ZAoÁ � ¿5Õ65ÎÁhè ¿7·lÁBA ¼lÁh·

· Õ)Á 5 ¿7¼lÁ 5 ¿7èlÁ 5 ¿ �lÁh¼ ¿ �lÁhÖ ¿7¼lÁh·

A 5ÎÁ 5 �lÁ

ý

¿5Õ'ÖlÁ 5 ¿7¼lÁ � ¿7ÖlÁhè AoÁhÖ

� Õ65ÎÁ 5 ¿5Õ'¼lÁ 5 ¿5Õ65ÎÁ 5 ÖlÁhè ¿ �lÁ 5 ¿7·lÁBA
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Ü+¦¨ªÑµ’Ÿ)¡NŸ?»´ª,¢Tª,¡5©›¤?¥ � #&%(' ¥R¤†¶L¶>¤4Å ¢<¦¨ª²©5Ÿ?»´ª…ë¨álª'­ÈŸ?¯o±†¶Lª

¡<ª,µ¨¡5ª'©Tª'¯‰¢<Ÿ)¢<§L¤†¯Í­oª'©<«:¡N§>³|ª'­°§L¯ÐÔlª'«:¢<§L¤†¯Ð¼lÁh¼ �›¢T¡5Ÿ?¯¨©<¶ÉŸ)¢<§>¤†¯°§L©cª:áÎµ¨¡<ª'©5©Tª'­ÍŸ?© 
qË �’Ë �×Ÿ?¯’­°¡<¤?¢<Ÿ)¢<§>¤†¯

Ÿ)³|¤†¬o¢à¢<¦oª$�?Ë’Ç…Ÿ?¯¨­wá²ŸFáÎª'©IŸ?©��!Ë��ÐŸ?¯¨­��®¡5ª'©Tµ|ª'«:¢<§>Ä?ª'¶>Ç?Á

³|ªc¡<ª'Ÿ?­¨§L¶LÇ�µ’Ÿ)¡5Ÿ?¶É¶>ª'¶L§L©Tª'­qÁXÜ+¦oªc¡5ª,±†§L©T¢T¡5Ÿ)¢<§>¤†¯Æ¡<ª'©<¬¨¶>¢<©E¥R¤?¡+ª'Ÿ?«N¦®©TÅ/ª,ª,µ®Ÿ)¡5ª˜¶L§L©T¢Tª'­w§L¯wÜœŸ)³’¶>ª �lÁLÕ)Á

	k•7Œ HJI�K|™	�<“ K

ÔÎ¶L§É«:ª'©e¤?¥À¢<¦oª´¡5ª,±†§L©T¢Tª,¡<ª'­°Ÿ?¯’­°«:¤†»´µ|¤†¬¨¯¨­oª'­Û­¨Ÿ)¢<Ÿ×©Tª,¢ŽŸ)¡<ª	©<¦¨¤.ÅI¯°§É¯ bf§L±†¬o¡<ª �lÁhèlÁ�Ü+¦oª´³|¤?¡5­¨ª,¡5©

¤?¥œ¢<¦oªe±†Ÿ?¶L¶|³’¶LŸ?­¨­¨ª,¡EŸ)¡5ª˜Ÿ?¶L¶ÚÅÀª'¶L¶|Ÿ?¶L§L±†¯oª'­w«:¤†»´µ’Ÿ)¡<ª'­²ÅC§>¢<¦…¢<¦oª˜¬¨¯o¡<ª,±†§É©T¢Tª,¡<ª'­²«,Ÿ?©TªŽ§L¯ b §>±†¬o¡5ª �lÁ

ý

Á

Ü+¦oª˜¶Lª,Ä?ª'¶–¤?¥ ©Tµ|ª'«<ÒÎ¶>ª˜¯o¤†§L©Tª˜§É©àŸ?¶L©T¤´¡<ª'­¨¬’«:ª'­Æ«:¤†»´µ’Ÿ)¡<ª'­ÆÅI§>¢<¦w¢<¦oª˜©5§L¯o±†¶>ªc©TÅ/ª,ª,µ×¡<ª'«:¤†¯’©T¢T¡5¬¨«:¢<§>¤†¯’©

¤?¥�b §>±†¬o¡5ª �lÁhÖlÁ$b’¬o¡5¢<¦oª,¡5»´¤?¡<ª?Ë?¢<¦¨ªÀ¤?¡<±†Ÿ?¯›³|¤†¬¨¯’­¨Ÿ)¡5§>ª'©–¤?¥Ì¢<¦oª/¡<ª,±†§L©T¢Tª,¡<ª'­›Ÿ?¯¨­¸«:¤†»´µ|¤†¬¨¯¨­¨ª'­Ž¡<ª'«:¤†¯o¿

©T¢T¡5¬’«:¢<§>¤†¯Æ¦¨Ÿ.Ä?ª˜³|ª,¢T¢Tª,¡C«:¤†¯Ê¢T¡5Ÿ?©T¢CŸ?¯’­ÆŸ)¡<ª˜»´¤?¡<ªê¬¨¯¨§>¥R¤?¡5» ¢<¦¨Ÿ?¯Æ§L¯Æ¢<¦oª˜©<§L¯o±†¶Lªe©<ÅÀª,ª,µ®¡<ª'«:¤†¯¨©T¢T¡5¬’«0¿

¢<§>¤†¯¨©CæH¢<¦¨§L©O«:¤†¬’¶L­�¯o¤?¢/¦¨Ÿ'Ä?ªC³|ª,ª'¯�Ÿ?«5¦’§>ª,Ä?ª'­�³lÇ¸ëÌ¶>¢Tª,¡5§É¯o±

é

Á��ô¦¨§L¶LªIŸ?¶L¶o¤?¥|¢<¦oª'©Tªk§L»´µ¨¡5¤.Ä?ª'»´ª'¯Ê¢<©ÀŸ)¡5ª

³|ª'¯oª:ë’¢<©I¤?¥!©Tµ’Ÿ)¢<§LŸ?¶œ«:¤†»´µ|¤†¬¨¯¨­’§L¯o±oË¨§>¢k¦¨Ÿ?©k¢T¤Ñ³|ªêŸ?­’»	§>¢T¢Tª'­Æ¢<¦’Ÿ)¢,ËÚ¤†¯Û«,¶>¤†©<ªê§L¯¨©<µÚª'«:¢<§L¤†¯–Ë’Ÿ…©<¶L§>±†¦Ê¢

¶>¤†©<©e¤?¥E©Tµ’Ÿ)¢<§ÉŸ?¶ ­oª,¢<Ÿ?§L¶ §L©cŸ)µ¨µÌŸ)¡<ª'¯‰¢,Á	ÜI¦oª›¡<ª'©<§L­¨¬’Ÿ?¶X¡5ª,±†§L©T¢T¡5Ÿ)¢<§>¤†¯Ûª,¡5¡<¤?¡5©e¢<¦¨Ÿ)¢ŽŸ)¡5ª	¯o¤?¢˜«:¤?¡<¡<ª'«:¢Tª'­

æm©<¬¨«N¦ÍŸ?©ê¯o¤†¯Î¿$¡5§>±†§É­Ù»	¤?¢<§>¤†¯°¤?¥E¢<¦oª	¤?¡5±†Ÿ?¯ÍŸ?¯¨­°¶L¤l«,Ÿ?¶ ¡5ª,¥º¡5Ÿ?«:¢<§L¤†¯°¤?¥E¢<¦oª�¬¨¶L¢T¡5Ÿ?©T¤†¬¨¯¨­Ù³|ª'Ÿ?»

é

¡5ª:¿

©<¬¨¶L¢C§L¯®Ÿ…©5¶L§>±†¦Ê¢+³’¶L¬o¡5¡5§L¯o±´¤?¥!©5»	Ÿ?¶L¶q¥Rª'Ÿ)¢<¬o¡<ª'©'ÁeÜI¦oªê»	Ÿ?§É¯×³|ª'¯oª:ë’¢<©I¤?¥!©Tµ’Ÿ)¢<§ÉŸ?¶X«:¤†»´µ|¤†¬¨¯’­¨§L¯o±�Ÿ)¡5ª

¢<¦oª,¡<ª,¥R¤?¡<ªŽ§É»´µ¨¡<¤4Ä?ª'­Æ©Tª,±†»´ª'¯Ê¢<Ÿ)¢<§>¤†¯×Ÿ?¯’­wÄl§É©<¬¨Ÿ?¶L§L©5Ÿ)¢<§>¤†¯…¤?¥œ¶LŸ)¡5±?ª,¡I©T¢T¡5¬¨«:¢<¬¨¡<ª'©,Á

£K¯Ã¤?¡5­oª,¡›¢T¤Û¤?³=CKª'«:¢<§LÄ?ª'¶>ÇÍ«:¤†»´µ’Ÿ)¡5ª…¢<¦¨ª

ã

¬¨Ÿ?¶L§>¢7Ç°¤?¥+¢<¦oªw«:¤†»´µ|¤†¬¨¯’­oª'­Í¡5ª'«:¤†¯¨©T¢T¡5¬¨«:¢<§L¤†¯ÐÅC§>¢<¦

¢<¦oª²©<§L¯o±†¶LªÑ©TÅ/ª,ª,µÈ¡<ª'«:¤†¯¨©T¢T¡5¬’«:¢<§>¤†¯¨©,Ë Ÿ?¬o¢T¤†»	Ÿ)¢<§É«…©<ª,±†»´ª'¯‰¢<Ÿ)¢<§L¤†¯È³ÊÇ°§L¯Ê¢Tª'¯¨©<§L¢@Ç°¢<¦o¡5ª'©<¦o¤†¶L­¨§É¯o±wÅ/Ÿ?©

Ÿ)¢T¢Tª'»´µ¨¢Tª'­qÁ bf§L±†¬o¡<ª'© �lÁLÕ65ÍŸ?¯’­ �lÁLÕ?ÕÆ©<¦o¤4Åß¦o¤.Å�©Tµ’Ÿ)¢<§LŸ?¶à«:¤†»´µ|¤†¬¨¯’­¨§L¯o±Ù§L»´µ¨¡<¤4Ä?ª'©´¢<¦oªÆŸ)³’§É¶L§>¢@Ç

¢T¤Ð©<ª,±†»´ª'¯‰¢�³ÊÇÈ¢<¦o¡<ª'©5¦o¤†¶L­¨§L¯¨±oÁÃÞ/©<©Tª'¯Ê¢<§LŸ?¶L¶>Ç?ËE©Tµ’Ÿ)¢<§ÉŸ?¶+«:¤†»´µ|¤†¬¨¯¨­¨§É¯o±Ù¦’Ÿ?©´¢<¦oª×Ÿ)³’§É¶L§>¢@ÇÃ¢T¤ÏëÌ¶É¶à§L¯

¡<ª,±†§>¤†¯’©E¢<¦¨Ÿ)¢àŸ)¡<ª˜¯o¤?¢EÅÀª'¶É¶Ú­¨ª:ëÌ¯oª'­²§L¯²©T¤†»´ªc©TÅ/ª,ª,µ’©,Ëo³’¬¨¢/Ÿ)¡<ª˜«,¶Lª'Ÿ)¡<ª,¡+§L¯…¤?¢<¦oª,¡5©,ÁX<k¤?¢Tª˜¢<¦¨Ÿ)¢E¢<¦¨§É©

§L»´µ’¡<¤.Ä?ª'»´ª'¯Ê¢I§L©à¯¨¤?¢IŸ?«5¦¨§Lª,ÄFŸ)³’¶Lªc³ÊÇÑëÌ¶>¢Tª,¡5§É¯o±oËÎÅI¦¨§L«N¦w§L¯‰¢T¡5¤l­¨¬’«:ª'©+¯o¤	¯oª,Åõ§É¯o¥º¤?¡N»	Ÿ)¢<§>¤†¯–Á

Ü+¦¨ªc¡<ª'­¨¬¨«:¢<§>¤†¯²¤?¥f©Tµ|ª'«<ÒÎ¶>ª˜¯o¤†§É©Tªc³ÊÇ²©Tµ’Ÿ)¢<§ÉŸ?¶–«:¤†»´µ|¤†¬¨¯¨­¨§L¯¨±¸§L©I­¨§2äÑ«,¬¨¶L¢À¢T¤�©<ª,ª˜§L¯²¢<¦oª˜¡<ª'«:¤†¯o¿
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