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~}a"x-��v}`pt x��:ipf t xT~�v$ipfS|}ceiE~�x�w ipc{`bf"glipf i ,"de|�def ~}a"x-x�c{x:z iE~}d{`bfSipc¡w�d{v}x�� ~}d{`bf*\ � ��v�de|}sMiE~}d��-| �x:��~
zp`bce��sMxpn�|}a"`4Nf�defCA�d{gb�"v}xMkE\43"n de|���v}`�w��
� x�w�\

� a�x:v}xuiEv$xUipw�z ipf�~}iEgpx�|@ipf�w=w�de|}ipw"zEipf�~}iEgpx�|K`��Cx�i���a `�� ~}a"x�|�x�s2x:~}a�`�w�|�\ � a�xusTipdefXipw"zEipf�~}iEgpx
`���~}a"x2��v�de|}sMiE~}d���zp`bce�Ss2x2|�x:~ude|@~}a"x2x�����ipcYdef�~�x:v}zEipc t x:~ Yx:x�f x�i��$a `���~}a"x � ��� desTiEgpxM|}ced�� x�|_~}a�iE~
��v}`�w��
� x�| ��fSd5��`pv$s def�~�x:v���|}ced�� x9|��Si��:def"g"\ � a�x0��ipf���|}aSiE� x�w w�iE~}i/|�x:~@a�ip|Kdef�~�x:v���|}ced�� xT|}�Si��:def"g2�a�d���a

�
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axial direction
(longitudinal, range,
depth)

ultrasound
probe

elevational
direction

(aximuthal, tra
nsversal)

lateral direction

scan plane

A�d{gb�"v}x9kE\ kE��]�`bsMx�f
�:ceiE~}�"v}x_`�� desMiEgbdef"g9w�d{v}x�� ~}d{`bf�|�\ .�~}a"x:v/� `bsMsM`bf�f�ips2x�|�`���~}a"x_wSd{v}x�� ~}d{`bf�| iEv}x
def(�SiEv$x�f�~}a"x�|}x�|:\

A�d{gb�"v}xukE\ � � r `bf"x ��|}aSiE� x�wM| Yx:�S~Yzp`bce��sMxp\ � a"x¡zp`bce��sMxNde|Y��v}`�w��
� x�w�t�j�v}`p~}iE~}def"gu~}a"xN��v}`pt x�iEt `b�"~
ipf�i ,"de|�def(~}a�x�i ,�deipc�w�d{v}x�� ~}d{`bf*\

zEiEv$d{x�|Ci ,"deipcec{jp\ � a�x � `bf"x ��|}a�iE� x�wMwSiE~}i�|�x:~CaSip|Cdef�~�x:v���|}ced�� x |��Si��:def"g Na�d��$aMz iEv$d{x�|YceiE~�x:v$ipcec{j �d{~}aM~}a"x
ceiEv}gpx�|�~Yw�de|�~}ipf
� x�iE~C~}a"x¡sMi ,"desU��sGi ,"deipcSipfSw�ceiE~�x:v$ipc�� `b|}d{~}d{`bf�|�\ � a"x�sMipdef�ipw"zEipf�~}iEgpxN`���~}a�x � `bf"x �
|}a�iE� x�w�ipfSw2� ipf"��|}a�iE� x�w�w�iE~}iT|�x:~}|�de|�~}a"x_��|}x@`���i2|}sMipcec�i�� `b��|�~}d�� �def�w"`� ��`pvN~}a"x@x�f�~}d{v}x�zp`bce�Ss2x
| �x:x:��\ � � `b��|}~}d��3Ndef�w"`4N|�`bfu~}a"x�a���sTipf@t `�w"jKiEv}x�|$sMipcec�ipfSw_|�`bsMx:~}des2x�|£w�d��=�:��c{~£~�`�`pt�~}ipdef*\ � a"x
~�v$ipf�|$ceiE~}d{`bf�ipc"s2`p~}d{`bf�cedesTd{~}|1~}a�x�iE�S�Sced��:iEtSdeced{~�jU`����Sv$de|}sMiE~}d���w�iE~}iKi�������de|}d{~}d{`bf*\ �Cv$de|}sTiE~}d��Y|}ipsM�Scedef"g
a�ip| t x:x�f;��|�x�w;|$�
��� x�|}| ����cec{jpn�a"`�Yx:zpx:v n£def;def�~�v$i�zEip|9�:��ceiEvu��c{~�v$ip|�`b�Sf�w ) �pm * \ � sTiEgpx�| � x:v}� x�f�w�d��:��ceiEv
~�`2~}a"xKt�c{`�`�w-zpx�|}|�x�c�iEv$x@~}i �px�fC�aSdec{x@s2` z�def"g2i��:iE~}a"x:~�x:v}� ��v}`pt x�� `bsutSdef�iE~}d{`bf(~}a�v}`b�"gba-~}a"x@zpx�|$|�x�c�\
� a�de|�s2x:~}a"`�w9j�d{x�cew�|Ni���v$de|$sMiE~}d�� |�x:~¡`���|�~}i����px�w/tSc{`�`�w(zpx�|}|�x�c � v$`b|}|¢��|�x�� ~}d{`bf�|�\

E1desMd{~}iE~}d{`bf�|/� `bsMsM`bf�~�`-ipcec£~}a"v}x:xUs2x:~}a"`�w�|�iEv$x_~}a"xuv}x�ceiE~}d{zpx�c{j c{`4 i�������de|}d{~}d{`bf v$iE~�x�ipf�wX~}a"x
f"x:x�w1� `pv�iu|�� x��:deipcede|�x�w,%�ipf�w9~}a"x:v}x�� `pv}x�x�,�� x�f�|$d{zpx+'£��v$`pt xp\���x�|��Sd{~�x ~}a"x�|}x�cedesTd{~}iE~}d{`bf�|:n�s2`b|}~YsMi>?¢`pv
sMipf��:��i�� ~}�"v}x:v$|�iEv$x�w"x:zpx�c{`p�Sdef"gM��v}`p~�`p~�j�� x�|�j�|�~�x�sM|���|}def"gU~}a"x�|�x_s2x:~}a"`�w�|:\

� a�xY|}desM�Sc{x�|�~1iE�S��v}`bi��$au~�` � ��� v}x�� `bf�|�~�v$��� ~}d{`bf � v}`bs7sU��c{~}d{�Sc{x � ��� desTiEgpx�|}ced�� x�|�de|£~�`Kipcec{`4 � v}x:x
s2`p~}d{`bf9`��1~}a"x ��v}`pt xp\ � a�de|�de|��:ipcec{x�w�� ��� ��v$x:x ��a�ipf�w-desMiEgbdef"g�ipf�w-de|�w"x:��d�� ~�x�w(def1A�d{gb�"v$xUkE\ m�\ � a"x
s2`p~}d{`bfu`���~}a"x���v}`pt x�de|���f�v}x�|�~�v$d�� ~�x�w�ipf�wu~}a"x�|}d7,U� .;A£|�iEv$x�sMx�ip|}�"v}x�w_t�j_i�� `b|}d{~}d{`bfU|�x�f�|�`pv�\�A d{~}a

�
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A�d{gb�"v}x9kE\ ���@A�ipf"��|}a�iE� x�w/| �x:��~Nzp`bce��s2xp\ � a"xKzp`bce��sMx�de|¡�Sv}`�wS�
� x�w(t�j9v$`p~}iE~}def"gT~}a�x@��v}`pt x@iEt `b�"~
ipf�i ,"de|�def(~}a�x�ceiE~�x:v$ipc�wSd{v}x�� ~}d{`bf*\

A�d{gb�"v}x/kE\43"�u� v$de|$s���|}a�iE� x�w=| �x:��~@zp`bce��sMxp\ � a"xUzp`bce��sMxMde|K��v}`�w��
� x�w t�j=~�v$ipf�|}ceiE~}def"g/~}a"x2��v}`pt x
ipc{`bf"gMipfXi ,�de|Ndef(~}a"xKx�c{x:zEiE~}d{`bf�ipc£w�d{v}x�� ~}d{`bf*\

i;� v}x:x ��a�ipf�wTiE����v}`bi���a*n�~}a�xN|9�:ipfM�Sceipf"x�| ~}a�v}`b�"gba2i�v}x:gbd{`bfTiEv$x��$a"`b|}x�fMt�jU~}a"x¡~�v$ipdef"x�wM�Sa�j�|}d��:deipfTdef
i�sTipf�f"x:v�n ��`pv�x�,�ipsM�Sc{xpn � `bfS|}de|�~�x�f�~3�d{~}a9i�f�`pv$sMipc�x�,"ipsMdef�iE~}d{`bf�\ � a"x�|9�:ipfT�Sceipf"x�|�sMi j�def�~�x:v$|}x�� ~
x�i��$a `p~}a�x:v-|}` ~}a�iE~9~}a"x |}ips2xXv}x:gbd{`bf def |��Si�� x sMi�j t x=|}ips2�Sc{x�w � v}`bs sM`pv}x/~}aSipf�`bf"x=��v}`pt x
w�d{v}x�� ~}d{`bf�%�ipce|�`=�:ipcec{x�wXc{`�`��(w�d{v$x�� ~}d{`bf$'}\ / iE��|¡sMi j9ipce|�`Tv}x�sMipdef�Na"x:v}x@f"`2|}ipsM�Sc{x�|¡iEv}xK~}i �px�f�\

� a�x:v}x�iEv$x�|�x:zpx:v�ipc*ipw"z ipf�~}iEgpx�|�`���i � v}x:x ��a�ipf�w-desMiEgbdef�guiE���Sv}`bi��$a2� `bsM�SiEv}x�wT~�`U|9Yx:��~¢� zp`bce�Ss2x
iE����v$`bi��$a"x�|:\ � a�xB6Sv$|}~1de|£~}a�iE~£�SiEv}~}|1`���~}a"x�desMiEgpx�wuv}x:gbd{`bfu~}a�iE~�iEv}x�|$a�ipw"`4�x�wut�j_|�~�v}`bf"g�x��$a"`pgpx�fSd��
v}x:gbd{`bf�| %�|}�
��aXip|�t `bf�x � ~}de|}|}�"x�ipfSw�ipd{v�� ~}de|}|}��x_def�~�x:v9� i�� x�| '@�decec�t x/6 cec{x�w���def�t�j(su�Sc{~}d{�Sc{x�c{`�`���w�d{v}x�� �
~}d{`bf�|:\Y��x:zpx:v$ipcSiEv}~}d5��i�� ~}|�� ipf�jU�SiEv}~ `��*~}a"xNdesMiEgpx�~}aSiE~Yde|Cf�`p~Cdef�w�d��:iE~}d{zpx `�� ~}a"x�|�~�v��
� ~}�"v}x�desTiEgpx�w
� �:ipf ipce|�`Zt x/v}x�wS�
� x�w t�j � `bs2� `b��f�wSdef"glsU��c{~}d{�Sc{xXdesTiEgpx�|:\ A"`pv9x�,"ips2�Sc{xpn¡|�� x�����c{x=~�j��Sd��:ipcec{j
`ptS|9�:��v}x�|Kipf�iE~�`bsMd��:ipcB��x�iE~}�"v$x�|@def � ��� v}x�� `bf�|�~�v��
� ~}d{`bf�|K`���def�~�x:v$fSipc�`pv}gbipf�| tS��~ de| Yx�cec � ��f"`4Nf;~�`
t x-v}x�w��
�:d{tSc{x-t�j � `bsM� `b��f�w�def"g ) 3�q�nF3 1 * \ .�~}a"x:v�v$x�|�x�iEv��$a�x:v$|1) 3 3 * a�i zpx(v}x:� `pv}~�x�w w"v$ipsTiE~}d��(des��
��v}` zpx�s2x�f�~}|Ndef/~}a"x ����ipced{~�j�`���v}x�� `bf�|�~�v��
� ~}d{`bf�| ��v}`bs |�x:~}|�`���sMipf�j9` zpx:v$ceiE���Sdef�g � ��� desMiEgpx_|$ced�� x�|
i�������d{v}x�w � v}`bs i�z iEv$d{x:~�j;`���c{`�`��;w�d{v}x�� ~}d{`bfS|:\ � a�x�|�x2~�j�� x�|@`���w�iE~}i/|}x:~}|��:ipf�f"`p~�t x2i�������d{v}x�w
t�j
| �x:��~¢� zp`bce��sMx�iE����v}`bi���a"x�|:\

� f"`p~}a"x:vYt x�f�x�6S~�de| ~}a"x�c{`� � `b|�~:n�i;�x�c�� `bs2x � x�iE~}�"v}x�def2ipf�x:v$i@`�� a�x�ipc{~}a��%�:iEv}x � `b|}~Cv}x�w���� ~}d{`bf�|:\
� ��� desMiEgbdef"g �:iE��iEtSdeced{~�j2�:ipf(t x ipw�w"x�w-~�`�x�,"de|�~}def"g2w�deiEgbf"`b|}~}d��@��c{~�v$ip|�`b�Sf�w-sMi��$aSdef"x�|�`��£sM`b|�~�ipf�j
~�j�� xp\ . f�c{j-iU� `b|}d{~}d{`bf/|}x�f�|�`pv�ipf�w/i�� `bs2�S�"~�x:v � `bf�~}ipdef�def�gTiUz�dew"x:`<�:iEv$wXiEv}xKv}x�����d{v}x�w*\

��`bsMx �SiEv}~}|�`��£~}a"x@ipf�iE~�`bsuj(iEv}xKz�de|$d{tSc{x;��v$`bs `bf�c{j9|$sMipcec i�� `b��|�~}d����def�w"`��|3){k �/* \ � a�x���a�j�|}d �
�:deipf9a�ip|C��fSw"x:v}gp`bf"x¡jpx�iEv�|C`��*~�v$ipdefSdef"g@~�`_c{` �:iE~�xKipf�w2desTiEgpx � `pv}v}x�� ~}c{jM~}a"x¡v}x:gbd{`bf�|Y`���def�~�x:v}x�|�~:n"ipf�w
|�`bsMx ipfSiE~�`bsMd��:ipc � x�iE~}�"v}x�|¡sTi�jTf�`p~�t xKdesTiEgpx�w(d5��`bf�c{j-ip�"~�`bsMiE~}d��K|9Yx:x:�Sdef�g�`���~}a"x@|9�:ipf-��ceipf"x@de|
��|�x�w�\ � a"x�x�f�~}d{v}x�zp`bce��s2x � v}`b|}|�|�x�� ~}d{`bf-w"`�x�|Yf"`p~�f"x:x�wT~�`uiE�S� x�iEv�defTx:zpx:v}jMdesMiEgpxp\ � a"x��Sa�j�|}d��:deipf
de|�ipcec{`4�x�w�~�`/� `'�:��|�a�de|£`pv a"x:v�iE~�~�x�f�~}d{`bf2`bfu~}a"x�v}x:gbd{`bf�|�`�� def�~�x:v}x�|}~£`pv�x�,��Sipf�w_~}a"x�|9�:ipf�f�x�w_zp`bce�Ss2x
iE~�Ndecec�w��"v�def"g�~}a"x�x�,"ipsMdefSiE~}d{`bf*\ � a"x@�Sa�j�|}d��:deipf�~}a"x:v$x���`pv}xusMi �px�|�w"x��:de|}d{`bf�|�iEt `b�"~¡~}a"x�~�v$ipw"x:` +*|
ips2`bf�g�zp`bce�Ss2xpn�|���iE~}deipc�v}x�|�`bce�"~}d{`bf*n'� `bs2� `b��f�wSdef"gNipf�w�i�������de|}d{~}d{`bf2~}des2x¡w��"v�def"gN~}a�x�x�,"ipsMdefSiE~}d{`bf*\
� a�de| ��v}x:x�w�`bs de|¡f"`p~¡� `b|}|$d{tSc{x;�d{~}a(~}a"xK`p~}a�x:v � ��� ��c{~�v�ip|�`b��f�w(desTiEgbdef"g2s2x:~}a"`�w�|:\
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probe 

scan
plane 3

position 3
probe 

position 1

scan

position sensor
scan probe

plane1

position 2
probe

scan
plane2

A�d{gb�"v}x�kE\ m���� ��� � v}x:x ��a�ipf�w;�Sc{~�v$ip|�`b��f�w desTiEgbdef"g"\ � a"xU�Sa�j�|}d��:deipflde|�ipcec{`4�x�wl~�`�s2` zpx�~}a"x���v}`pt x
ip|Kdef;i-f"`pv$sTipc1��c{~�v�ip|�`b��f�w=x�,"ipsMdef�iE~}d{`bf?�aSdec{xu~}a�xu� `b|}d{~}d{`bf;|}x�f�|�`pv@s2x�ip|$�"v}x�|N~}a"x�� `b|}d{~}d{`bf;ipf�w
`pv$d{x�f�~}iE~}d{`bf/`���x�i���a/|9�:ipf/�Sceipf"xp\

. ��ipcec�~}a"x � ��� desMiEgbdef�g(~�x��$a�f�d����"x�|K�Sv}x:z�d{`b�S|}c{jXw"x�|�� v$d{t x�w*n ��v$x:x ��a�ipf�w;desMiEgbdef�g(~�j��Sd��:ipcec{j;a�ip|
~}a"xuc{`bf"gpx�|�~ i�������de|$d{~}d{`bfX~}desMx�|:\ A�ipf*n � `bf"xuipf�w���v�de|}s zp`bce��sMx_|9�:ipfSf�def"g<�:ipf ipcec�t x�desM�Sc{x�s2x�f�~�x�w
t�jM��|}def"gua�d{gba9|�� x:x�wTsM`p~�`pv$|C~�`Us2` zpxN~}a�xN��v$`pt xp\ A"v$x:x ��a�ipf�w-desMiEgbdef"gu|9�:ipf�|�i_zp`bce��s2x�iE~�iu|�� x:x�w
w"x:~�x:v$sTdef"x�wlt�j;~}a"x9�Sa�j�|}d��:deipf��^|_a�ipfSw sM`p~}d{`bf*\�E�`bf�g=i�������de|}d{~}d{`bfZ~}des2x�|uiEv}x-f"`p~Ui���v}`pt�c{x�s>� `pv
|�~}iE~}d{`bf�iEv$ju|}��t@? x�� ~}|£tS��~£|}��t@? x�� ~�s2`p~}d{`bf�def�~�v}`�w��
� x�|�def
� `bf�|$de|�~�x�f
�:d{x�| defu~}a"x�i�������d{v}x�w�w�iE~}i�\�� v$v}`pv$|
� v}`bs |}��t@? x�� ~�s2`p~}d{`bf9sMi jut xN�SiEv}~}c{j�` zpx:v"� `bs2x�t�j2def
� v$x�s2x�f�~}ipc�v}x�� `bf�|}~�v$�
� ~}d{`bf9ipf�wMz�de|}��ipcede|$iE~}d{`bf
) �>3 * nSdesTiEgpx@v}x:gbde|�~�v�iE~}d{`bf*nS`pv¡t�j9gbiE~}def"gTi�������de|}d{~}d{`bf �d{~}a�� r / � `pv¡x��$a"` �:iEv$w�d{`pgpv�iE�Sa�j0) �po * \

�¢f-|}��sMsTiEv}jpn � v}x:x ��a�ipfSw9desTiEgbdef"g�de|�i0��x�ip|}d{t�c{x�� ���GdesTiEgbdef"g�s2x:~}a"`�w1�d{~}a-|�x:zpx:v$ipc*ipw"zEipf�~}iEgpx�|
` zpx:vM`p~}a"x:v2s2x:~}a"`�w�|:��~}a�x-iEt�deced{~�jZ~�` 6 cecYdef |}aSipw"`4�x�wZv}x:gbd{`bf�|���v}x�w���� ~}d{`bf `���iEv}~}d5��i�� ~}|�t�j � `bs��
� `b��f�w�def�g��Sv}x�ceiE~}d{zpx�c{j=c{`4 � `b|�~���ipw�iE��~}iEt�deced{~�j/~�`-i Ndew"x�v$ipf�gpx_`�� ��c{~�v�ip|�`b��f�wX|�j�|}~�x�sM|����Sx�,"d{tSdeced{~�j
defu|9�:ipf�f"x�w_zp`bce��s2x�|}d65:xpnbf���sut x:v�`���desMiEgpx�|}ced�� x�|�ipf�w_i�������de|}d{~}d{`bfu~}desMx��b��|�xC`�� � `bf�zpx�f�~}d{`bf�ipc�x�,"ips��
def�iE~}d{`bf�~�x���a�f�d����"x�|���ipf�w	�Sx�,�d{t�deced{~�j0��`pv�~}a"x��Sa�j�|}d��:deipfU~�`KdesMiEgpx�� v}`bs ipf�jui�zEipdeceiEtSc{x�c{`�`��uw�d{v$x�� ~}d{`bf*\
� a"xNsMipdef2���"v}� `b|�x�`��*~}a�de|Yv}x:� `pv}~Cde|Y~�`_def�zpx�|�~}d{gbiE~�x@a"`� ~�`udes2��v}` zpx � ��� ��v}x:x ��aSipf�wMdesTiEgbdef"g"\ � a"x
��v}x:v$x�����de|$d{~�x���`pv�desM��v}` zpx�s2x�f�~ de|�i(~}a"`pv}`b�"gba;def�zpx�|�~}d{gbiE~}d{`bf def�~�`�x�i��$aZ|�~�x:�l`���~}a"x2desMiEgbdef�g(��v}`E�
� x�|}|:\ r aSiE��~�x:v � w"x�|9� v$d{t x�|/� v}x:x ��a�ipf�w desTiEgbdef"g2�d{~}a;i�� `'�:��| `bf
|�`b�"v�� x�| `���s2x�ip|}��v}x�s2x�f�~Nx:v$v}`pv�\
r a�iE�S~�x:v0�Xw"x�|9� v$d{t x�|�iXf"` zpx�c�v}x�� `bfS|�~�v$�
� ~}d{`bfZipc{gp`pv$d{~}a�s �a�d���a � `bsM� x�f�|}iE~�x�| ��`pvu|�x:zpx:v$ipc�`���~}a"x
|�`b�"v"� x�|�`���x:v}v}`pv \Y��x:zpx:v$ipc*��c{~�v$ip|}`b��f�wTx�,�ipsTdef�iE~}d{`bf�|�iEv}x@��fSw"x:v}~}i �px�f-ipf�w9~}a"x v}x�|}��c{~}|�`��£iE���Sc{j�def"g
~}a"x�ipc{gp`pv�d{~}a�s iEv}x�~}a"x�f���v}x�|}x�f�~�x�w*\ r aSiE��~�x:v 3�� `bf�~}ipdef�|*� `bf��:ce��|}d{`bf�|YiEt `b��~�~}a"x�def�zpx�|�~}d{gbiE~}d{`bf(ipf�w
~}a"x�wSd{v}x�� ~}d{`bf/def2Na�d��$a2���"~}�"v$x�v$x�|�x�iEv��$a��decec*t xK~}i �px�f*\
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� a"x(desTiEgbdef"g ��v}` � x�|}|:nB� v}`bs � ��� desMiEgpx�i�������de|}d{~}d{`bf ~}a�v}`b�"gba ~�`lw�de|���cei�j
`���~}a"x-v}x�f�w�x:v}x�w w�iE~}i
ipf�w zp`bce��sMx:~�v$d��Uw�iE~}i(ipf�ipc{j�|}de|:n£de|K|}a"`4Nf A£d{gb��v}x � \ kE\ � a�de|Kw�deiEgpv$ips de|KsMx�ipf�~Kf"`p~@ip|Kipf
i�� ~}��ipc
des2��c{x�s2x�f�~}iE~}d{`bf tS�"~9`bf�c{j ip|(i gpv�iE�Sa�d��:ipcKs2x�ipfS|T`��uw�d{z�dew�def"g ~}a"x;��v}` � x�|}|-def�~�`�|�~�x:�S|�� `pv(~}a"x
�S�"v$� `b|}x�`���w�de|9�:�S|}|}d{`bf*\

�¢fl|}��sTsMiEv}jpn ~}a"x���a�j�|}d��:deipflsM` zpx�|@~}a�x���v}`pt xU` zpx:vUi-v}x:gbd{`bfl`���def�~�x:v}x�|�~:\ � a�x2c{`'�:iE~}d{`bfZipf�w
`pv$d{x�f�~}iE~}d{`bf `���~}a"x��Sv}`pt x�iEv}x_sMx�ip|}�"v}x�w/t�j(~}a�x�� `b|}d{~}d{`bf=|�x�f�|�`pv�ip|�~}a"xuv}x�� x�d{zpx�w=x��$a�`�x�| iEv}x_��v}`E�
� x�|}|�x�w ipfSw w�de|}�Scei�jpx�w t�jl~}a"x-��c{~�v$ip|�`b�Sf�w |}j�|�~�x�s/\ � a"xM��a�j�|}d��:deipf � `bf�~�v}`bce|Ut `p~}a ~}a�x9|9�:ipfSf�def"g
ipf�w=x��$a�`/|}d{gbf�ipc£��v}` � x�|}|}def�g9��iEv$ips2x:~�x:v$|�\ � a"xUz�dew"x:`(w�iE~}i���v$`bs ~}a�x2��c{~�v$ip|�`b��fSw=|}j�|�~�x�s wSde|��Scei�j
de|�� `bf�zpx:v}~�x�w ~�`Xi � ��� desMiEgpxMdef�~�x�f�|}d{~�jliEv}v$i�j t�j ~}a"x � v$ips2xUgpv$iEt�t x:v�\ � a"x � v$ips2xUgpv$iEtSt x:v�v$iE~�x
de|0�$a"`b|�x�f t�j=~}a�xT��|�x:vu�"�
~�`=i/sTi ,�desU��s wSd�� ~}iE~�x�w t�j;a�iEv$w:�iEv}x1� `bf�|�~�v$ipdef�~}|:\ � a"x � ��� def�~�x�f��
|}d{~�j-iEv$v$i�j�|�v}x:��v$x�|�x�f�~}def�g2desMiEgpx�|}ced�� x�|�ipf�w(~}a"x@ip|}|}`'�:deiE~�x�w/� `b|$d{~}d{`bf�w�iE~}i2iEv}x@|}~�`pv}x�w�defC� `bsM�S�"~�x:v
s2x�sM`pv}jp\

� a�x�v}x�� `bf�|�~�v��
� ~}d{`bf�|�~}iEgpx ip|}|�x�sutSc{x�|Mi � ��� w�iE~}i |�x:~ � v}`bs ~}a�x�� `bcec{x�� ~�x�w � ��� desMiEgpx�|9ipf�w
� `b|}d{~}d{`bfZw�iE~}i�\��¢fl~}a"xTz�de|$��ipcede|}iE~}d{`bf |�~}iEgpxpn�� `pv}~}d{`bf�|_`pvUipcecC`���~}a"xTv}x�� `bf�|�~�v��
� ~�x�w � ��� w�iE~}i=iEv}x
w�de|���cei�jpx�w `bf ~}a"x � `bs2�S��~�x:v sM`bf�d{~�`pv�\ � a"xuzp`bce��sMx:~�v$d��Uw�iE~}i-ipf�ipc{j�|$de|@|�~}iEgpx2de| |}des2��c{j�ipf�j=ipc{gp`E�
v$d{~}a�sJ��|�x�w ~�` x�,�~�v�i�� ~UwSdeiEgbf"`b|�~}d��:ipcec{j ��|�x�����cCdef:� `pv$sTiE~}d{`bf � v}`bs i/v$x�� `bf�|�~�v$�
� ~�x�w � ��� w�iE~}i=|�x:~:\
� f-x�,�ipsM�Sc{xK`�� � `bsTs2`bf�c{jMv}x�����x�|�~�x�w(w�iE~}i�� v}`bs �Sa�j�|$d��:deipf�|¡de|�~}a"x zp`bce��sMxK`��£ipf(desTiEgpx�w(`pt@?¢x�� ~:\
�Ci���a(|�~}iEgpx@`��1~}a"xKdesMiEgbdef"gU��v}` � x�|}|�def-~}a"xKw�deiEgpv$ips v$x�����d{v$x�|@� `bf�~�v}`bc � v}`bs ~}a"xK��|�x:v�i���� `pv$wSdef"g�~�`
~}a"x@~�j�� xK`���~}de|}|}��x@desMiEgpx�w�ipf�w�~}a"x@~�j�� xK`�� 6�f�ipc*w"x�|}d{v$x�w�desMiEgpx@ipf�w�zp`bce��s2x:~�v$d���w�iE~}i2ipf�ipc{j�|}de|:\

����� ��������������! #" ��$%�&�����(')�+*,.-/�����0�
� ~Mde|Ta�x�c{�
� �Sc�~�` c{`�`�� iE~M~}a"xX�Sa�j�|}d��:|M`�� ipf dew"x�ipcede|�x�w � ��� ��c{~�v�ip|�`b��f�w desMiEgbdef"gl�Sv}`'� x�|$|:�2143*#
(6587% :9� �(<;=7 $?>@9A7 �!&CBED=>'( ):F&>@9GB� :5HBI7 � & (JBLK�587M7% 9)#NPOQ7 $  R7 � &�(SB�)T>SU" ��:5 (V7 $: �F �WD<N" YX[Z-$  \F&>@9GB� \F &CB�B� LB
> (65 �ED��LK]9AO^7 $'�WDT>T;�$?7 $: _K�&T7% ��L5 &`9aX#Z-$: �BPU�&T7M7% ��! ��bBI7 $'&T70K &`c� :>YFd7 $  _K�&T7% ���5 &`9B�  fe  bUg7hF &��L7!D ��7 $: 
F&>@9iB� &�(�)R7 � &�(SBLK�5j7k7 $  ��! EBL7@)  � WF: ��\5 (67lDR7 $  mK�&T7% ���5 &`9nX:Z-$  oF&>@9GB� LB�&��  �7 � &�(SBLK�5j7M7% �)�&�(�)=�! Me� �UY7% 9)
9a5 (  �&���9AOTX:Z-$  &=KpF&9A587M>:)  �&�(�)q7 $  ]7M58K�5 (r;^D!�m7 $  pF&>@9iB� LB��  bU  P58s  �)tNPOI7 $  ]7 �!&�(JB�)T>SU" �� &��  �U�D�(us  ��L7% 9)
5 (67lD_5 (67% �(JBE5j7MO #!)T5HBL7 &�(uU  �) &T7 &=X:Z-$  /$r5a; $  �� &T7M7% �(6>:&T7M5fD�(vD ��F&>@9iB� EB �  P7M> �"(u5 (<; � �wDTK )  " xF: ��9aDYU"&T7M5fD�(JB
5HBpU�DTK0F: �(SB�&T7% �):NPO\>rBL5 (<;�7 $  ; by &=UY7 &T7M7% �(u> &=7M58D�(^U�D4 fz{Ug5  �(67|D!�p7 $: K &=7% ��L5 &`9nX%1�B%7 $  �N� �&TK}5HBoBL~* WF&7
7 $ �wDT>T; $ &mF�9�&�(  E�k7 $  �B� P7oD!��U�D`989  bUY7% �)^5 (67% �(JBE5j7MO #!)T5HBL7 &�(uU  ) &T7 &tU4�! �&T7% &R� #M��5jK�&Y;' YX

�¢fUv}x�ipced{~�jpn�~}a"x¡def�~�x:v$i�� ~}d{`bf�|Yw"x�|9� v$d{t x�wUdef�~}a"x�dew"x�ipc
�:ip|}x¡iEv}x¡f"`bf���cedef"x�iEvYipf�w�def
�:ce��w"x�ipw�wSd{~}d{`bf�ipc
x:v}v}`pv�|:\ � a"x�ipsM�Sced{~}��w"x_ipf�wC� v}x����"x�f
� j-��v}`p� x:v}~}d{x�|N`���~}a"x�����ce|�x�iEv}xui + x�� ~�x�w t�j-~}a"x�~�j�� x_`�� sMi �
~�x:v$deipc�d{~ �Sip|}|�x�|�~}a"v$`b�"gba def=i9f"`bf���cedef�x�iEv@sMipf�f"x:v \ A"`pvKx�,"ips2�Sc{xpn ~}a"x�|�� x:x�wX`�� ��v}`p��iEgbiE~}d{`bflipf�w

q



%�� % .#�=����	<('� ����6 ( �
������(H :(H�8� �/� ��� � �

user
control

user
control

object

pulses
ultrasound

user
control

user
control

monitor for display of
rendered data and results
of data analysis

user
control

user
control

frame grabber

3-D reconstruction

computer

memory

video signal

echo data

ultrasound system

probe
sensor

3-D visualization 3-D volumetric
data analysis

position 

data processing

A�d{gb�"v}x � \ kE� .�zpx:v}z�d{x� `��£i�������de|}d{~}d{`bf�n�v}x�� `bf�|�~�v��
� ~}d{`bf*n�z�de|}��ipcede|}iE~}d{`bfXipf�w-zp`bce��sMx:~�v$d��Kw�iE~}i�ipf�ipc{j��
|}de|:\ � a"xK��|�x:v�de|�v}x�����d{v}x�w-~�`<� `bf�~�v}`bc�|}x:zpx:v$ipc��SiEv�ips2x:~�x:v$|¡iE~�x�i��$a/|}~}iEgpxp\

ips2��ced{~}��w"xMiE~�~�x�f���iE~}d{`bf w"x:� x�f�w
`bf
t `p~}a ~}a"x9~�j�� x9`��¡sMiE~�x:v�deipcC~}a"x-��c{~�v$ip|}`b��f�w �S��ce|�xT~�v$i�zpx:v$|}x�|
ipf�w;~}a�x��S��ce|�x�� v}x����"x�f
� jp\ � `p~}a
|}� x��:�SceiEv�ipf�wlw�d7+*��|�x�v$x �Sx�� ~}d{`bfl` ���:�"v�\2[�x���v$i�� ~}d{`bfZw�d{zpx:v}~}|�~}a"x
t x�ips wSd{v}x�� ~}d{`bf(ipf�w1�:ipf=�:ip��|}x w�x � ��` �:��|}def"g"\��Yc{x�� ~�v}`bf�d�� f"`bde|�x ipf�w9|�� x��9��c{x ipce|}`ui + x�� ~�~}a"xNdesTiEgpxp\
[¡x�ipc�~�v$ipf�|}w���� x:v$|���v}`�w��
� xKf"`bf�����fSd5��`pv$s t x�ipsM|�def
�:ce�Sw�def"g2|}dew"xKc{`pt x�|�` + `��1~}a�x@sMipdef-t x�ips�\���x �
|��Sd{~�x ~}a"x�|}xK�Sa"x�f"`bsMx�f�i_ipfSwTx:v$v}`pv$|:n"w�deiEgbf"`b|}~}d��:ipcec{j���|�x�����c�desTiEgpx�|¡iEv}xK|�~}decec `pt�~}ipdefSiEtSc{x@t�j=�:iEv}x�����c
|�x�c{x�� ~}d{`bfX`���desMiEgbdef"g��SiEv�ips2x:~�x:v$|:\

� a�xNs2x�wSd��:ipc�� `bsMsU��fSd{~�j�a�ip|*�:ceip|$|}d76Sx�w9~}a"x�|�x���c{~�v$ip|�`b��fSwMdesMiEgbdef�g_de|}|}��x�|Ydef�~�`0�:iE~�x:gp`pv�d{x�|¡ipf�w
|}�"t��%�:iE~�x:gp`pv$d{x�|2~}a�iE~�iEv}x-x�ip|�j ~�` � `bf
� x:��~}��ipcede|}x0){k � n�k�o�n � o * \ � a"x-��v$`ptSc{x�sM|_~}a�iE~�iEv$de|�x(def � ���
desMiEgbdef�g-aSi�zpxMi(w�d{v$x�� ~@des2�Si�� ~ `bf ~}a"x ����ipced{~�j=`���~}a"x<� ��� v}x�� `bf�|�~�v$��� ~}d{`bf�|:\ � a"x��:iE~�x:gp`pv$d{x�|uiEv}x
f"`p~�def�w"x:� x�f�w�x�f�~�f"`pv � `bs2�Sv}x�a"x�f�|}d{zpxpn�tS��~.� ` zpx:v�~}a"xKsM`b|�~�|}d{gbf�d76 �:ipf�~�x�+ x�� ~}|�\ � ����cec w"x�|9� v�d{��~}d{`bf
`���~}a"xTx:v}v}`pv$|_de|�� `b��f�w def ) �<C * \ � a"x � `bcec{`4�def"g v}x:z�d{x� `���~}a"x�|�x=�:iE~�x:gp`pv�d{x�|�de|_sMx�ipf�~_~�`Xgbd{zpx-ipf
def�~}��d{~}d{zpx � x:x�c/��`pv(~}a"x ~�j�� x�|-`��u��v}`ptSc{x�sT|<�aSd��$a iEv$de|�xldef � ��� desTiEgpx ��`pv$sTiE~}d{`bf ipf�w � `b|}d{~}d{`bf
s2x�ip|$�"v}x�s2x�f�~:\ � a�x2def�~�x:v$i�� ~}d{`bfZ`�����c{~�v$ip|}`b��f�wldef
tSd{`bc{`pgbd��:ipc�sMiE~�x:v$deipce|_de|�f"`p~ ����cec{j;��f�w�x:v$|�~�`�`�w
ipf�w�de|�ipf�i�� ~}d{zpxuiEv$x�i�`���v}x�|�x�iEv���a ){k�m�n�k�q�n � q * \

C
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� a"x�|}x-iEv$~}d5� i�� ~}|2iEv$x(v}x�ceiE~�x�w ~�`;~}a"x(��c{~�v$ip|}`b��f�wZt x�ips&|}d65:xpnYw�d{v$x�� ~}d{`bf*nY|�� x:x�w ipf�w |���iE~}deipc.�i zpx
��v}`p� x:v}~}d{x�|�\

�.-9� ���3��( ���#�$� �������C< ~}a"xNsMdef�desU��s w�de|�~}ipf�� x¡t x:~%�x:x�f2`pt@?¢x�� ~}|C� `b|}d{~}d{`bf�x�wMi ,"deipcec{j�~}a�iE~CiEv}x�desTiEgpx�w
defSw�d{z�dewS��ipcec{jp\ � ,�deipc*v$x�|�`bce�"~}d{`bf/desM��v}` zpx�|��d{~}a/aSd{gba"x:v � v}x�����x�f
�:d{x�| %�|}a"`pv$~�x:v¡�S��ce|�x@c{x�f�gp~}a�| '}\

� �:��( �����B��( ���=�$�-�>�����C< ~}a�x�sTdef�desU��s w�de|�~}ipf
� xNt x:~%�x:x�fT`pt"? x�� ~}|�� `b|}d{~}d{`bf"x�w9ceiE~�x:v$ipcec{jM~}aSiE~YiEv}x des��
iEgpx�w defSw�d{z�dewS��ipcec{jp\BE1iE~�x:v$ipc�v}x�|�`bce�"~}d{`bf des2�Sv}` zpx�| �d{~}a a�d{gba"x:vu��v}`pt x<� v}x����"x�f
�:d{x�|:n�|}a�`pv}~�x:v
� ` �:ipcSc{x�f"gp~}a�|Cipf�w2ceiEv}gpx:vY��v}`pt x¡iE� x:v}~}�"v}x�|:\�/�d{gba"x�|�~ v}x�|}`bce�"~}d{`bf4%�|$sMipcec{x�|�~�t x�ips |$d65:x+'�`'���:��v$|
iE~�~}a"x � `'�:ipc�|}� `p~:\

(@��(10:�:�>���=�-�=�B��( ���#�$� �������C< ~}a"x�sMdef�desU��s w�de|}~}ipf
� xCt x:~%�x:x�f_`pt@? x�� ~}|�nb|�x:�SiEv$iE~�x�wudef@~}a"xCx�c{x:z iE~}d{`bf�ipc
wSd{v}x�� ~}d{`bf*n�~}a�iE~9iEv}xXdesTiEgpx�w�def�w�d{z�dew���ipcec{jp\ �Yc{x:z iE~}d{`bf�ipcNv}x�|�`bce��~}d{`bf desM��v}` zpx�|<�d{~}a�aSd{gba"x:v
�Sv}`pt x ��v$x����"x�f��:d{x�|:n�|}a�`pv}~�x:v�� `'�:ipc1c{x�f"gp~}a�|�ipf�w�ceiEv}gpx:v ��v$`pt x@iE� x:v}~}��v}x�|:\2/Nd{gba"x�|}~�v}x�|�`bce��~}d{`bf
%�|$sMipcec{x�|�~¡t x�ips |$d65:x+'Y` ���:�"v$|¡iE~¡~}a�x;��` �:ipc�|�� `p~:\

��LF('	43N��(S< ~}a"x gpv�ipdef�jKiE��� x�iEv$ipf
� x�`��"��c{~�v�ip|�`b��f�wKdesTiEgpx�|*~}a�iE~�iEv$de|}x�| � v}`bs � `bf�|�~�v$��� ~}d{zpx ��w"x�|�~�v$�
� ~}d{zpx
def�~�x:v9� x:v}x�f
� x_`��1~}a"x � `ba"x:v}x�f�~¡�S��ce|�x�|�\Y��� x��9��c{x��:ipf/|}d{gbfSd76 �:ipf�~}c{j-`ptS|��:�"v}x@desMiEgpx���x�iE~}�"v$x�|:\

��(10=('� �F( �4�:�������C< sU��c{~}d{��c{x2v}x �Sx�� ~}d{`bf�| �d{~}a�def
~}a"xMsTiE~�x:v$deipc `pv0��v$`bs ~}a"x9|�x�f�|�`pv � i�� xp\ � v}~}d5��i�� ~}|
iEv$x@��v}`�w��
� x�w-t�jT~}a�x�sU��c{~}d{�Sc{xKv}x �Sx�� ~}d{`bfS|:\

��( � �4�
	 �>�����C< i1��a�ipf"gpx�def=t x�ips wSd{v}x�� ~}d{`bf;iE~ `ptSced�����xUdef�~�x:v9��i�� x�|K~}a�iE~�v}x�|}��c{~}|Kdef=`pt@?¢x�� ~ � `b|}d{~}d{`bf
x:v$v}`pv$|:\

 0��� ��� !+L-�:�>* ��(65�('	��>���=� < i�w�d7+ x:v}x�f
� x@def9~}a"x@c{x�f�gp~}a-`��1~}a"x v}x:~}��v$f9�SiE~}a���v$`bs ~}a"xKdef
�:dew"x�f�~��SiE~}a
~}aSiE~¡v}x�|}��c{~}|�def(`pt@?¢x�� ~�� `b|}d{~}d{`bf(x:v}v$`pv$|:\

 � � ��� ��! �$ �"!�(S< sMd{v}v$`pv¡desMiEgpx�|�`���`pt@?¢x�� ~}|¡~}a�iE~NiEv}x@��v}`�w��
� x�w9t�j(f"x�iEv}t�j9|�~�v$`bf"g�v}x �Sx�� ~�`pv$|�\
������( ���8�F( �b< sTdef"`pv�t x�ipsM|u`�� |�`b��f�w ~�v$i zpx�cecedef"g
` + `�� ~}a"x(t x�ips&w�d{v}x�� ~}d{`bf�~}a�iE~ � v}x�iE~�x/x���a"`�x�|

� v}`bs ` + � t x�ips `pt@?¢x�� ~}|:\ � v}~}d5��i�� ~}|NiEv$x@��v}`�w��
� x�w1� v}`bs ~}a"x@` + � t x�ips `pt@?¢x�� ~}|:\
	<�= ( � �4���K�*�,�9� ���$��!�! �9� 7 �C< iEv}~}d5� i�� ~}�Sipc�~}ipdece|Kx�,"a�d{tSd{~�x�w t x�c{`4 � x:v}~}ipdefl`pt@? x�� ~}|KwS�"xU~�`9v$x:zpx:v��

t x:v$iE~}d{`bf/`pv¡v}x�|�`bfSipf
� xp\

��LF(H(H��( ����� ���p< ipf def
� `pv}v$x�� ~9x�|}~}desMiE~�x `��@��v}`p��iEgbiE~}d{`bf |�� x:x�w�~}a�iE~9v}x�|}�Sc{~}|9def `pt@?¢x�� ~-� `b|}d{~}d{`bf
x:v$v}`pv$|:\Y� �:ipfSf�def"g�~}a"v}`b��gba�i�~}a�d����1��iE~�cei jpx:v�n�� `pv¡x�,"ips2�Sc{xpnSdef�� v}x�ip|�x�|�|}� x:x�w-x:v$v}`pv$|:\

���,��!�( �� ����!���� � M�< i-|�x�� `bf�w ����ce|�xU~�v$ipf�|}sTd{~�~�x�w=t x�� `pv}xUipcec�x��$a"`�x�|;� v}`bs ~}a"x 6Sv$|}~N�S�Sce|�x_v$x:~}�"v$f
~�`M~}a"xK��v}`pt xp\ � v}~}d5� i�� ~}|NiEv}xK��v}`�w��
� x�w(def-~}a�x�|�x�� `bf�w�desTiEgpxKt�j9x��$a�`�x�|���v}`�w��
� x�w1��v$`bs ~}a"x
6�v$|�~��S��ce|}xp\
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� a"x�|}xuiEv}~}d5��i�� ~}|KiEv}xUv}x�ceiE~�x�w ~�`-~}a"xUips2�Sced{~}�Sw"x���v$`p� x:v$~}d{x�|N`��C~}a"xu�Sc{~�v$ip|�`b��f�wX�S��ce|}x�|:n�x���a"`�x�|@ipf�w
x�c{x�� ~�v$d��:ipc£|}d{gbf�ipce|:\

	<�=�8���4�����=��( ���#�$� �������C< ~}a"x=|}sMipcec{x�|}~Tw"x:~�x�� ~}iEtSc{x;w�d7+ x:v}x�f
� x=def�x���a"` def�~�x�f�|}d{~�jp\G[�x�|�`bce�"~}d{`bf w"x �
� x�f�wS|�`bf�a��SsMipf-� x:v�� x:��~}d{`bf*n�|$d{gbf�ipc*��v}` � x�|}|}def�g2ipf�w(~}a"x�wSde|��Scei�j-s2`bfSd{~�`pv�\

��*��"���67 �$��!�< ~}a�xXc{`b|}|T`��Kipf�iE~�`bsMd��:ipc�def:� `pv$sMiE~}d{`bf w��"x�~�`Za�d{gba iE~�~�x�f���iE~}d{`bf `��K�S��ce|}x�|2t x�a�def�w
|}~�v}`bf"g2v}x ��x�� ~�`pv$|�|}���$a�ip|�t `bf"xK`pvNce��f"g"\
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( �9*��,��	<(H :(H�8��< a�d{gba"x:v�~}a�ipf9x�,�� x�� ~�x�w-x���a"`2def�~�x�fS|}d{~�j9t x�a�def�w=Yx�i ��c{jTx���a"`pgpx�f�d��K~}de|$|}�"x�`pv ����dew*\
(@��( 	�� ���=��� 	 �9�=� ��(�< ~}a"x;f"`bde|�xldef�~�v}`�w��
� x�w t�j ipf�ipc{`pg �Sv}`'� x�|$|}def"g `��_x���a"`�x�|:\ �Cc{x�� ~�v}`bf�d��
f"`bde|�x

�Sc{~}desMiE~�x�c{j(cedesMd{~}|¡desTiEgbdef"gMw"x:�S~}a*\

��������� # �
!4�������
	�� ; ��!4,��;�� ;<	(��� 1���1!

� a"x�|}xKx:v}v}`pv$|¡iEv$x@v}x�ceiE~�x�w�~�`M~}a"x@� `b|}d{~}d{`bf�sMx�ip|}�"v}x�sMx�f�~�`��£x�i��$a � ��� desMiEgpx@|}ced�� xp\

�����,����� �:�>���=� < i����:�"v$i�� j�ipf�wUv}x�|�`bce��~}d{`bf2cedesMd{~}iE~}d{`bf�| `���� `b|}d{~}d{`bf2|}x�f�|�`pv s2x�ip|$�"v}x�s2x�f�~£`�� w�de|}~}ipf
� xp\
���
�4�:�������C< i����:�"v�i�� jMipf�w2v$x�|�`bce�"~}d{`bf9cedesMd{~}iE~}d{`bf�|�`��*� `b|}d{~}d{`bfM|}x�f�|�`pv�s2x�ip|}�"v$x�s2x�f�~�`��*`pv$d{x�f�~}iE~}d{`bf�\

�Cv}v}`pv$|�iEv}x ips2��ced76Sx�wMt�jMiUc{x:zpx:v�iEv$s x�+ x�� ~ �:ip��|�x�w9t�jM|�x�f�|�`pv�` +*|�x:~�� v}`bs ~}a�x desTiEgpx �Sceipf"xp\

� �:��( ��	 M �,��� �
	
	N��� ��� �>���=� ���:��(�< sMx�ip|}�"v}x�sMx�f�~ x:v}v$`pv$|K~}a�iE~uiEv$de|�xMw���x2~�`/ceiE~�x�f
� j
ipfSwlc{`4 i�� �
����de|}d{~}d{`bf/v$iE~�x@`���|�x�f�|$def"g���v}`pt xKs2` zpx�s2x�f�~:\

���������  ��!4!4,�;�� �;����'�4;���� 1���1!

� a"x�|}xKx:v}v}`pv$|¡iEv$x@v}x�ceiE~�x�w�~�`Tip|}|}��sM��~}d{`bf�|�`���f"`bf���dew"x�ipc*�Sv}`p� x:v}~}d{x�|�`���~}a"xK~}de|}|}��x�def(~}a"x@desTiEgpx�|:\

 � 0=(H :(H�8�b< t�ce�"v}v$def"g
`pv-sU��c{~}d{��c{x � `p�Sd{x�|9`��@`pt@?¢x�� ~}|2�:ip��|�x�w t�j ~}de|}|}�"x=s2` zpx�s2x�f�~:\ � a�x � ���
v$x�� `bf�|�~�v$�
� ~}d{`bfXip|}|}��sMx�|�~}a"x�|}��t@? x�� ~¡de|�|�~}iE~}d{`bf�iEv}j�w���v$def"gUx�,�ipsTdef�iE~}d{`bf*\

�,��� ���
� ���=L=M�< |��:iE~�~�x:v}x:v$|@defX~}de|}|}�"xu~}a�iE~KiE��� x�iEv `bf�c{jC� v}`bs � x:v}~}ipdef;c{`�`��=w�d{v}x�� ~}d{`bf�|�\ � f�de|�`p~�v$`p�Sd��
|��:iE~�~�x:v}x:v$|�sMi�j9t xK` zpx:v$c{`�`��px�wXt�j2� x:v}~}ipdefXc{`�`��(w�d{v}x�� ~}d{`bfS|:\

���K� �
�>�$��!�< ~}a"x a�d{gba |��SiE~}deipc � v}x�����x�f
� j � `bs2� `bf"x�f�~}|9`���ipf�iE~�`bsuj ~}a�iE~(iEv}x f"`p~-v}x:��v}`�w��
� x�w�t�j
Ndew"x�c{j(|��Si�� x�w � ��� desTiEgpx�|���v}`�w��
� x�w-t�j-i 6�f�d{~�x;�dew�~}a(t x�ips�\

����� �{�����_' �h,&� �����.�����!*��u,&� ��� ,��b�*
� a"x ��`bcec{`��def"g�w�de|9�:�S|}|}d{`bf9de|Yt�ip|�x�wM`bf9~}a"x des2��ced��:d{~Yip|}|}�Ss2��~}d{`bfM~}a�iE~�~}a"xNv$x�� `bf�|�~�v$�
� ~�x�w�� ���7w�iE~}i
|�x:~�de|1def�~}a"x*� `pv$sG`���i � ��� |9�:ipceiEv�iEv}v$i�j�`���def�~�x�f�|$d{~}d{x�|:nbipce|�`/�:ipcec{x�wui �:�"t x:v$decec{xp\��Ci���a�x�c{x�sMx�f�~£`��"~}a"x
iEv}v$i j � `pv}v}x�|�� `bf�wS|�~�`_i � x:v}~}ipdef9zp`bce��s2x¡x�c{x�sMx�f�~@�:ipcec{x�w-i@zp`�,�x�c�\ .�~}a�x:v@� ���PwSiE~}i@v}x:��v$x�|�x�f�~}iE~}d{`bfS|
� `b��cew�def��:ce��w"x@gpv$ipwSd{x�f�~}|�`pv¡t x@|}des2�Sc{j9i�s2`�w�d76Sx�w(|�x:~�`��1~}a"x�`pv$d{gbdef�ipc � ��� desTiEgpx�|:\

[�x�� `bf�|�~�v$�
� ~}d{`bf�`��1i � ��� iEv}v$i jT~�j��Sd��:ipcec{j-def�zp`bc{zpx�|�x�����iE~}def"gUx�i��$a/zp`�,�x�c*zEipce�"x ~�`�~}a"x z ipce�"xK`��
~}a"x � ��� desMiEgpxM��d7,�x�c Na�d��$a def�~�x:v$|}x�� ~}|�~}a"xMzp`�,�x�c�\X��`bs2x�zp`4,�x�ce| �decec t x2def�~�x:v$|�x�� ~�x�wZipf�wl`p~}a�x:v$|
v}x�sTipdeflx�s2�S~�jp\ � a"xTz ipce��x�|�`��¡zp`4,�x�ce|u~}a�iE~UiEv}x9def�~�x:v$|}x�� ~�x�w s2`pv}x2~}aSipf
`bf
� x-iEv}x1�:ipc��:��ceiE~�x�w t�j
� `bs2� `b��fSw�def"g2~}a"xU�Sd7,�x�ce| ~}a�iE~Kdef�~�x:v$|�x�� ~K~}a"xUzp`�,�x�c�\ r `bs2� `b��f�wSdef"g2de|Kf"`p~Kf"x�� x�|}|}iEv�dec{j/v}x�|�~�v�d�� ~�x�w
~�`_|$des2�Sc{x�i zpx:v$iEgbdef"g"\Ch=i ,"desu�Ss zEipce�"x�`pv�f"x��x�|�~CzEipce�"xNsMx:~}a"`�w�|�iEv}x�~ Y`u`���|�x:zpx:v$ipc�ipc{~�x:v$f�iE~}d{zpx�|:\

� f���sut x:v�`��Nde|}|}�"x�|UsU��|�~ut xTv}x�|}`bc{zpx�w �a"x�f � `bs_t�def�def"g � ��� desTiEgpx�|Udef�~�`li?� ��� w�iE~}i |�x:~:\
� a"x9de|}|}�"x�|0�:ipfZt xTw�d{z�dew"x�wZdef�~�`=~%�`;sMipdef �:iE~�x:gp`pv�d{x�|:�9def�~�x�f�|}d{~�j f"`bf"����f�d5� `pv$sMd{~}d{x�|_ipf�w |}�SiE~}deipc
f"`bf����Sf�d5��`pv�sMd{~}d{x�|�ips2`bf�g � ��� desMiEgpx�|:\

��������� �:	(�4;=	&!4� ����� �
	�� ,�	&������ � �����

� a"xUi�zpx:v�iEgpx2def�~�x�f�|$d{~�j ipf�wXdef�~�x�f�|}d{~�jXw�de|}~�v$d{tS�"~}d{`bf�| � `pv�i9gbd{zpx�f � ��� desMiEgpxUw"x:� x�f�wX`bf/t `p~}a=~}a"x
��c{~�v$ip|}`b��f�w |�j�|�~�x�s � v$x�iE~}def"g
~}a"xXdesMiEgpx�|MipfSw ~}a"x(��v}`p� x:v}~}d{x�|2`���~}a�x/sMiE~�x:v$deipc�\ � a"x(�Sa�j�|}d��:deipf
f"`pv$sTipcec{j<� `bf�~�v}`bce|�|�x:zpx:v�ipc �SiEv$ips2x:~�x:v�|�`bf-~}a"xK��c{~�v$ip|�`b��fSw9|}j�|�~�x�s ){k � n*k�o�n � o�n 3�m�n@3 1 * \ � iEtSc{x � \ k
� `bf�~}ipdef�|UiXcede|�~u`���~}a"x9des2� `pv}~}ipf�~��SiEv$ipsMx:~�x:v$|�� `bf�~�v}`bceceiEtSc{x(t�j;~}a"xT�Sa�j�|}d��:deipf*\X]�`p~UipcecC`���~}a�x�|�x
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��v}`pt xK��|�x�w ~}des2x � gbipdef � `bs2� x�f�|}iE~}d{`bf ` zpx:v$ipcec1gbipdef
w�de|��Scei j9� x:v$|$de|�~�x�f
� x wSde|��Scei�j(w"j�f�ipsTd��Nv�ipf"gpx � v$ips2x v$iE~�x
x��$a"`E� x�f�aSipf
� x�s2x�f�~ x���a"`E� 6�c{~�x:v desTiEgpx@� `b|�~¢� ��v}` � x�|}|}def"g
� ` �:��|��SiEv$ipsMx:~�x:v$| |9�:ipf/cedef�x�w"x�f�|}d{~�j w�de|���cei�j-v}x:zpx:v$|}ipc
�S��ce|�x@ipsM�Sced{~}��w"x |9�:ipf�ipf"gb�SceiEv�v$ipf"gpx desMiEgpx@x�fSceiEv}gpx�s2x�f�~

� iEtSc{x � \ kE�Y��iEv$ipsMx:~�x:v$|�~}a�ipf��:ipf�t x � `bf�~�v$`bcec{x�w/t�jT~}a�x@�Sa�j�|}d��:deipf/w��"v$def"g�ipf(x�,"ipsMdefSiE~}d{`bf*\

�SiEv$ipsMx:~�x:v$|¡iEv}x@ipw ?¢��|}~}iEtSc{x@`bf�ipcec��Sc{~�v$ip|�`b��f�w(|}j�|�~�x�sT|:n�f"`pv �:ipf/~}a"x:j9ipcec�t x/� `bf�~�v}`bcec{x�w=def�w"x:� x�f��
w"x�f�~}c{jp\

� a�x-sM`b|�~U`pt�z�d{`b��|2sMx:~}a"`�w ~�` 6�cec�i � `bf�|}de|�~�x�f�~1� ��� w�iE~}il|}x:~��d{~}a � ��� desMiEgpx�|}ced�� x�|Mde|�~�`
� `bcec{x�� ~@~}a"xU|}ced�� x�|/�d{~}a i9|}def"gbc{xU��v}`pt xuipf�w?� `bf�|�~}ipf�~ �S|�x:v��%� `bf�~�v}`bcec{x�w;�SiEv$ipsMx:~�x:v$|:\ � a�de|�s2x:~}a"`�w
�decec1des2��v}` zpxpnStS��~¡f"`p~�x�f�|$�"v}xpn�� `bf�|$de|�~�x�f
� j�`���~}a"xudef�~�x�f�|$d{~}d{x�|N`���iT|�x:~�`�� � ��� desTiEgpx_|}ced�� x�|�\ � a�de|
de|Tt x�|}~Tw"x�sM`bf�|�~�v$iE~�x�w�t�j ~}a"x=x�,"ips2�Sc{x/w�x:�Sd�� ~�x�w def A�d{gb�"v}x � \ � \ � a"x�`pt@?¢x�� ~9de|9desMiEgpx�w � v}`bs
~%�` c{`�`�� w�d{v}x�� ~}d{`bfS|Mdef ~}a�x/|}ips2x/�Sceipf"xp\ � a"x(`pt@?¢x�� ~<�`b��cew�dew�x�ipcec{j a�i�zpxX~}a"x/|}ipsMx/def�~�x�fS|}d{~�j
w�de|�~�v�d{tS�"~}d{`bfZdef ~}a�xM~%�`ldesMiEgpx�|�\ A"`pvUx�,"ipsMdef�iE~}d{`bfZ`���a���sTipfl�SiE~}d{x�f�~}|:n ~}a"x9`pt@?¢x�� ~}|UdefZdesTiEgpx�|
k9ipf�w � iEv}x-ced5�px�c{j |��:ipf�f"x�wZ~}a"v}`b�"gbaZw�d7+ x:v}x�f�~_~}de|}|$�"xT~�j�� x�|Uipf�wZgpx:`bs2x:~�v�d{x�|:\ � a"x � / r �:�"v}zpx
%�sMipf���ipcD� `bf�~�v}`bc�`��Y~}desMx � gbipdef � `bs2� x�f�|$iE~}d{`bf � `pv@w�d7+ x:v}x�f
� x�|@def=~}de|}|$�"x2iE~�~�x�f��SiE~}d{`bf � `�x �=�:d{x�f�~}| '
de|���|}��ipcec{j�ipw�?���|�~�x�w���`pv ��f�d5� `pv$s i�zpx:v$iEgpx�def�~�x�f�|}d{~�j=def�~}a"xu� `pv}~}d{`bf�|�`���~}a"x_desTiEgpx �d{~}a/~}a"xU|}ips2x
~}de|}|}��xN~�j�� xp\ A"`pv�x�,"ips2�Sc{xpn�d5��desMiEgpx � |9�:ipfS|C~}a"v$`b�"gbaTi_~}a�d����px:v¡cei�jpx:v�`�� ��iE~:n�~}a�xN��c{~�v$ip|}`b��f�w2����ce|�x
�decec"t x¡sM`pv}x¡iE~�~�x�f��SiE~�x�wMt x�� `pv}x�d{~ x�f
� `b�Sf�~�x:v$|C~}a"x¡`pt@?¢x�� ~:\ � a"x�x���a"`�v$x �Sx�� ~�x�w � v}`bs ~}a�x¡`pt@?¢x�� ~Cdef
desMiEgpx � NdececSv}x:~}��v$f �d{~}a9iuc{`4�x:v�ipsM�Sced{~}��w"x�~}a�ipfTd5�1d{~@�:ipsMxNipc{`bf"gUi���iE~}aTdef9desMiEgpxukE\ r `bf�|�~}ipf�~
� / r |}x:~�~}def"gb|;� `pvK~}a"x�~%�`�desMiEgpx�|;Ndecec1~}a�x:v}x���`pv$x�j�d{x�cew ~ Y`/wSd7+ x:v}x�f�~@i�zpx:v�iEgpxTdef�~�x�f�|}d{~}d{x�|K`���~}a"x
`pt@?¢x�� ~:\C��desMdeceiEv$c{jpnb|$a�ipw"`4Ndef"g�ipfSw�x�f�aSipf
� x�s2x�f�~£iEv$~}d5� i�� ~}| Ndecec�t x�w�d7+ x:v$x�f�~�defu~}a"x�~%�` |��:ipf�|:\ � a"x
�Sa�j�|$d��:deipf;de| x�,�� x�� ~�x�w;~�`�sTdef�desMde|�xudef�~�x�fS|}d{~�j f"`bf�����fSd5��`pv$sTd{~}d{x�|�t�j=ipw�?¢�S|�~}def"g-~}a"x � / r |�x:~�~}def�gb|
�a"x�f2��a�ipf"gpx�|�def�i�zpx:v�iEgpxudef�~�x�f�|}d{~�j(`'���:�"v \
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� `b|}|}d{tSc{xpn�|}`2x:v}v}`pv$|�sMi�j9t xKceiEv}gpx:v � `bsM�SiEv}x�w(~�`2~}a�x�|�x@x�,"ipsMdef�iE~}d{`bf�|�\

�¢w"x�ipcec{jpn�v}x:gbde|�~�v$iE~}d{`bf(i���� `b�Sf�~}|@� `pv�ipcec |�`b�"v�� x�|Y`���|��SiE~}deipc�� `b|}d{~}d{`bf�def"gux:v}v}`pv�| ~�`u��v}`�w��
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Human Gall Bladder
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`bf"x(~}de|}|$�"x-~�j�� xpnY~}a"x�w"x:~�x:v$sTdef�iE~}d{`bf `���~}a�v}x�|}a"`bcew�|Ut x�� `bsMx�|_v$x�ceiE~�x�w ~�`;~}de|}|}�"xC�:ceip|$|}d76 �:iE~}d{`bf*n�i
w�d��=�:�Sc{~���v}`ptSc{x�s Nd{~}a���c{~�v$ip|�`b�Sf�w(w�iE~}i�){k � n@3�kpn"3 1 * \

5�`bce��sMxMv}x�fSw"x:v$def"g/sTiE�S|K~}a"x�� ��� w�iE~}i=|�x:~_wSd{v}x�� ~}c{jldef�~�` |9� v}x:x�fZ|��Si�� xp\�[Ni�j �:ip|�~}def�g=de|_~}a"x
s2`b|}~/� `bsTs2`bf;sMx:~}a"`�w=`���zp`bce��s2x�v$x�f�w"x:v$def"g"\�[Ni�j?�:ip|�~}def"gXdef�zp`bc{zpx�|0�:ip|�~}def"g�`���v$i�j�|;� v}`bs x�i���a
|9� v}x:x�f ��d7,�x�cY~}a"v}`b�"gbaZ~}a"xC� ��� w�iE~}i |�x:~:\ � a"x1� `bc{`b��v2ipf�wZ`p�Si��:d{~�jZ`���x�i���a zp`�,�x�c�~}a�iE~U~}a"x9v$i�j
�Sip|}|}x�|_~}a�v}`b�"gba iEv}x-tSc{x�f�w"x�w ��f�~}decY~}a"x-`p�Si��:d{~}d{x�|2v}x�i���a ��f�d{~�jl`pv�~}a"x-v$i�j x�,�d{~}|U~}a�x9v$x�iEvu`��N~}a"x
zp`bce��sMxM`��¡w�iE~}i�\ � a"x2tSc{x�f�w�x�wl`p�Si��:d{~}d{x�|�ipf�w � `bc{`b�"v$|uiEv}xM~}a�x�f w�de|}�Scei�jpx�wZt�j=~}a�xT|9� v}x:x�f �Sd7,�x�c�\
� a"xU��v$`'� x�w���v}xU~}a"x�f v}x:� x�iE~}|;� `pv@ipcec |9� v}x:x�f;��d7,�x�ce|:\ � ~Ka�ip|Kt x:x�f;|}�"gpgpx�|�~�x�wl~}a�iE~�|}��sTs2x�w/zp`�,�x�c
zp`bce��sMxKv}x�f�w"x:v$def�g�v}x�w��
� x�|¡|}� x�����c{x_def(~}a"xKv}x�f�w�x:v}x�w�desMiEgpx-) 3 1 * \

��~}ipfSw�iEv$wM|$�"v9��i�� x � 6S~�~}def"gUipf�wMzp`bce�Ss2x�v$x�f�w"x:v$def"g_s2x:~}a"`�w�|C�S|�x�wM|}����� x�|}| ����cec{j2defTsTiEgbf"x:~}d��Nv}x�|¢�
`bf�ipf
� x�ipf�w � `bsM�S�"~�x�w�~�`bsM`pgpv$iE�Sa�jUdesTiEgbdef"g�a�i zpx�cedesTd{~}iE~}d{`bf�|3�a"x�f2��|}x�w��d{~}aM�Sc{~�v$ip|�`b��f�wMw�iE~}i�\
y�c{~�v$ip|�`b��f�w�desMiEgpx�|�aSi�zpxY|}x:zpx:v$ipc���fSd����"x���v$`p� x:v$~}d{x�| ) � 1 * ��|$d{gbf�d76 �:ipf�~�ips2`b��f�~*`��"f"`bde|�xCipfSw@|�� x��9��c{x��
c{`4�x:v_w�j�f�ipsTd���v�ipf"gpx���tSce��v}v}x�w=t `b��f�w�iEv$d{x�| |�x:zpx:v�ipc�zp`�,�x�ce| �dew�x���t `b��f�w�iEv�d{x�| Nd{~}a z iEv}j�def"g(gpv}x:j
c{x:zpx�ce| �:ip��|�x�w t�j zEiEv$deiE~}d{`bf�|Udef
|$�"v9��i�� x<�:�"v}zEiE~}�"v}xMipfSwl`pv$d{x�f�~}iE~}d{`bf �Ydef�~�x�f�|}d{~�j
f"`bf����Sf�d5��`pv�sMd{~}d{x�|��
|��SiE~}deipc�f"`bf�����fSd5��`pv$sTd{~}d{x�|���ipfSwMf"`bf����Sf�d5��`pv�s |��SiE~}deipc�v}x�|�`bce�"~}d{`bf*\ � a�de| cede|�~�w"x�s2`bf�|}~�v$iE~�x�| ~}a�iE~Yf"x�
z�de|}��ipcede|}iE~}d{`bfU~�x���a�f�d����"x�|:nb� `b|}|}d{t�c{j@def�zp`bc{z�def"g/6�c{~�x:v$def�g�ipf�wu|�x:gbsMx�f�~}iE~}d{`bf*n�iEv}x�v}x����Sd{v}x�w ) � 1 * \DA�x:~}ipc
desMiEgbdef�gTde|�ipfXx�,:� x:��~}d{`bf/~}aSiE~Nde|Nx�ip|}d{x:v ~�`Mv}x�f�w�x:v¡t x��:ip��|�x�~}a�x�� x:~}��|�de|�|}�"v}v$`b��f�w"x�w9t�j�i �x�i ��c{j
x��$a�`pgpx�f�d��NipsTf�d{`p~}d�� ���Sdew*\-� ~Cde| ~}a�x:v}x���`pv$x�x�ip|}d{x:vY~�`_de|�`bceiE~�xN~}a�x���x:~}��|*��v$`bs |}�"v}v$`b��f�w�def"g�~}de|}|}��x�ipf�w
f"`bde|�x ) 3 �/* \
����� �{�����_' �h,&� �����4$k,�$��}*�$ �������b�
� a"xU�Sa�j�|}d��:deipf;de| `���~�x�f;def�~�x:v}x�|�~�x�w
def `pt�~}ipdef�def"gC����ipf�~}d{~}iE~}d{zpxTdef:� `pv$sMiE~}d{`bf � v}`bs ~}a"x���c{~�v$ip|}`b��f�w
w�iE~}i�\ . fK~�j��Sd��:ipc � ��� ��c{~�v�ip|�`b��f�w@|}j�|�~�x�sT| �:�"v$|}`pv$|-�:ipf�t xB� `bf�~�v}`bcec{x�wut�j�~}a�x �Sa�j�|}d��:deipf�~�`NsMx�ip|}�"v}x
w�de|�~}ipf�� x�|(def ~}a"x;desMiEgpxp\ A"`pv/x�,�ipsM�Sc{xpn�� x:~}ipcKa"x�ipw w�deipsMx:~�x:v��:ipf t x;s2x�ip|$�"v}x�w ipf�w ��|�x�w ~�`
�:ipc��:��ceiE~�x¡~}a�x�iE���Sv}`�,"desMiE~�x�gpx�|�~}iE~}d{`bf�ipc�iEgpxp\ . ~}a"x:v£wSdeiEgbf"`b|�~}d��:ipcec{j���|�x�����c�def
��`pv$sTiE~}d{`bf_de|�i z ipdeceiEt�c{x
def�~}a"x � ��� w�iE~}i@|�x:~:\ �Ya�j�|}d��:deipf�|Ya�i�zpx�def�w�d��:iE~�x�wTi@f"x:x�w�� `pvC|}d65:x�ipf�w�zp`bce��sMx�x�|�~}desMiE~�x�|C`�� desTiEgpx�w
`pt@?¢x�� ~}|:\ � ,"ips2��c{x�|�Na"x:v}x�zp`bce��s2x�`pv |$d65:x�w"x:~�x:v$sTdef�iE~}d{`bf�de| ��|�x�����c�def
�:ce��w"x��Sv}`b|�~�v$iE~�x�zp`bce��sMx3) �pq * n
zpx�f�~�v$d��:c{xTzp`bce�Ss2x�) � D nD����n��po * n ��dew�f"x:j zp`bce��s2x4) �p�/* n1t�c{`�`�w;zpx�|}|�x�ce| ) � C * ipf�w � x:~}��|�ipfSw;�Scei�� x�f�~}i
zp`bce��sMx�| ){k �/* \

��x:gbsMx�f�~}iE~}d{`bfPipf�w sM`�w�x�cecedef"g `��_~}a"x;w�iE~}i�){kpn � n¡m�n�q�n C�n�o�nKk���n k63�n � 3�n � m�n 3 � * iEv}x;ipce|�`
des2� `pv}~}ipf�~�v}x�|�x�iEv"�$a=iEv}x�ip|:\ � x�,�~}�"v}x��:ceip|$|}d76 �:iE~}d{`bf � sMx�ip|}�"v}x�sMx�f�~�`���~}a"x�|}~}iE~}de|�~}d��:ipc£��v}`p� x:v}~}d{x�|
`���sMiE~�x:v$deipc ~�`Tipdew/w�deiEgbf"`b|$de| � de|Nipf"`p~}a"x:v�i�� ~}d{zpxuv}x�|�x�iEv���a/iEv}x�i�){k � n"3 1 * \
����� ���_' ')$%���
� a"xTdef�zpx�|�~}d{gbiE~}d{`bf def�~�`/~}a�xM|�`b�"v�� x�|�`���x:v}v}`pv_|$�"gpgpx�|�~}|�a�`4 ~�`�t x�|�~�w"x�|}d{gbf i�� ��� � v}x:x ��a�ipf�w ��c �
~�v$ip|�`b�Sf�w
|�j�|�~�x�s/\ � a"xMw"x�|$d{gbf |}a�`b��cew
|�~}iEv$~ �d{~}aZi/aSd{gba |���iE~}deipcYipf�w � `bf�~�v�ip|�~Uv}x�|�`bce�"~}d{`bf*n�c{`�
f"`bde|�x � ��� �Sc{~�v$ip|�`b��f�w=sMi���a�def"xp\ � a�de|Ndef��:ce��w"x�| �$a"`�`b|}def"g9~}a"xUa�d{gba"x�|�~ ��v}x����"x�f
� j(�Sv}`pt x�~}a�iE~/�:ipf
desMiEgpxu~�`9~}a"x_w"x�|$d{v}x�wXw�x:��~}a*\ � a�x�a�d{gba"x�|�~ � v$ips2x@v�iE~�x_~}a�iE~ w"`�x�|Nf�`p~Nv}x�|$��c{~NdefXv$ipf"gpxUipsutSd{gb��d{~�j
|}a"`b�ScewXt xU��|�x�w*\ � f i����:�"v$iE~�xpn��:ipced{tSv$iE~�x�w � `b|}d{~}d{`bf;|�x�f�|�`pv/�d{~}a;i-a�d{gba i�������de|}d{~}d{`bf;v�iE~�xU|$a"`b��cew
t x�iE~�~}i��$a"x�wZip|;�:c{`b|�xMip|K� `b|}|$d{tSc{x�~�`(~}a"x���v}`pt x ��i�� xp\UhX`p~}d{`bfl`���~}a"x2|}��t@? x�� ~ `���~}a"x2��c{~�v$ip|}`b��f�w
x�,"ipsMdef�iE~}d{`bfX|}a"`b��cew-t x@sMdefSdesMde|�x�w9`pv�sMx�ip|}�"v}x�w�� `pv�� `bs2� x�f�|$iE~}d{`bf�w��"v$def�guv$x�� `bf�|�~�v$�
� ~}d{`bf�\

�¢f�d{~}deipc�x�,�� x:v$desMx�f�~}|3�d{~}a9i�|�j�|�~�x�s `��*~}a�de|�w"x�|}d{gbf9v}x:zpx�ipce|�~}a�iE~�~}a"x�sMx�ip|}�"v}x�sMx�f�~�x:v$v}`pv$|�cedesMd{~
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d{~}|�w�deiEgbf"`b|�~}d��N�"~}deced{~�jp\3� sTiEgpx�iEv}~}d5��i�� ~}|Y|}���$aMip|�|�� x��9��c{xpn�~}de|}|}�"x�sM`p~}d{`bfMipf�wM� `b|}d{~}d{`bfT|}x�f�|�`pv x:v}v$`pv$|
�:ipf;|�x:zpx:v}x�c{j cedesMd{~ z�de|}��ipcede|}iE~}d{`bf
ipf�w=zp`bce��s2x:~�v$d��Uw�iE~}i(ipfSipc{j�|}de| `��Y~}a"x � ��� w�iE~}i-|�x:~}|:\ r v$x�iE~}def"g
i�� ��� wSiE~}iT|�x:~/� v}`bs i9|}x:~N`���DTs  ���9�&�F=F&5 (<;=desMiEgpx�|}ced�� x�|Kde| |}��gpgpx�|�~�x�w ip|Ki<�i�jX~�`9v$x�w��
� xUdesMiEgpx
iEv}~}d5��i�� ~}|:nSx�|}� x��:deipcec{j�|}� x�����c{xp\

hX`b|�~-v}x�� `bf�|�~�v��
� ~}d{`bf s2x:~}a"`�w�|Mdef ��v}x:z�d{`b��|Tv}x�|�x�iEv���a a�i�zpx;��|}x�w |�`bc{x�c{j�~}a"x=wSiE~}i � v}`bs ~}a"x
� `b|}d{~}d{`bf |�x�f�|�`pvU~�` 6�cec�i � ��� |9�:ipceiEv2iEv}v�i�j Nd{~}a � ��� desMiEgpx-|}ced�� x�|:\+/N`4�x:zpx:v�n�~}a"xTx�,�� x:v$des2x�f�~}|
v}x:zpx�ipc1~}a�iE~¡~}a"x�|}x_s2x:~}a�`�w�|��Sv}`�wS�
� x@def
� `bf�|}de|}~�x�f
�:d{x�|Ndef/~}a"x � ��� wSiE~}iM|�x:~:\�[¡x�|}x�iEv��$a=|}a"`b��cew26Sv$|�~
� `'�:��| `bflv}x�� `bf�|�~�v$��� ~}def"g/i2� `bf�|}de|}~�x�f�~�ipfSw;i����:�"v$iE~�x1� ��� wSiE~}i(|�x:~ � v}`bs ` zpx:v$ceiE�S�Sdef"g/desTiEgpx�|Kt�j
� `bs2� x�f�|$iE~}def"g���`pv�~}a"x@s2x�ip|}��v}x�s2x�f�~�x:v}v}`pv$|:\

� a�x@tSip|}d�� � v$d{~�x:v$dei=��`pvNv}x�� `bf�|�~�v$��� ~}d{`bfXiEv}x�~}a�iE~Nd{~�|}a"`b��cew/t x_ip�"~�`bsMiE~}d��_ipf�w/def
� v$x�s2x�f�~}ipc�\@� ~
|}a"`b�Scew�t x�ip�"~�`bsTiE~}d���t x��:ip��|�xud{~��decec1sMi �px_~}a"x_|�j�|�~�x�s x�ip|}d{x:v ~�`T��|}x_ipf�w/~}a"x:v}x�� `pv}x_sM`pv}x�ced5�px�c{j
~�`2t xKi���� x:��~�x�wXt�j9�Sa�j�|}d��:deipfS|¡def�i �:cedef�d��:ipc�|�x:~�~}def"g"\ � f�def
� v$x�s2x�f�~}ipc v}x�� `bf�|�~�v$��� ~}d{`bf/s2x�ipfS|�~}a�iE~
~}a"xC� ��� w�iE~}i |�x:~�de|��"�*w�iE~�x�w ip|Ux�i���a f"x� desMiEgpx(de|Ui������Sd{v}x�w*\ �¢f
� v}x�sMx�f�~}ipcYv}x�� `bf�|�~�v��
� ~}d{`bf de|
w"x�|}d{v$x�w
t x��:ip��|�x9d{~�v}x�wS�
� x�|_|}~�`pv$iEgpx-v}x����Sd{v}x�s2x�f�~}|�ipf�w sMi �px�|_~}a"x-|�j�|}~�x�s sM`pv}xMdef�~�x:v$i�� ~}d{zpx(t�j
ipcec{`4Ndef"gTdef
� v$x�s2x�f�~}ipc*v}x�f�w"x:v�def"g�w��"v$def"gU~}a"x�x�,�ipsTdef�iE~}d{`bf*\

� a�x ��`bcec{`��def"g2�$aSiE��~�x:v � `bf�~}ipdef�| i2tSv$d{x�� w"x�|9� v$d{�S~}d{`bf/`�� iM��v}`p~�`p~�j�� x_def
� v$x�s2x�f�~}ipc�n ip�"~�`bsTiE~}d��
v}x�� `bf�|}~�v$�
� ~}d{`bf�ipc{gp`pv$d{~}aSs�\ � � ��� |9�:ipceiEvNiEv}v�i�j-de|��$a"`b|�x�f/ip|�~}a"x;� `pv$s `��1~}a�x�v$x�� `bf�|�~�v$�
� ~�x�w/w�iE~}i
|�x:~:\ � cec�zp`4,�x�c1z ipce��x�|NiEv}xu|�x:~NdefSd{~}deipcec{j�~�`-5:x:v}`"\ � |Nx�i��$a=f"x� � ��� desMiEgpx_de|Ni������Sd{v}x�w*nSx�i���a=zp`�,�x�c
~}a�iE~Kde| def�~�x:v�|�x�� ~�x�w;t�j/~}a"xUdesMiEgpx�|9�:ipf �Sceipf�xude| |�x:~ ~�`(~}a"xuz ipce��xu`��Y~}a"x � ��� desTiEgpx_��d7,�x�c �a�d���a
def�~�x:v$|�x�� ~}|�~}a"x�zp`4,�x�c�\FA a"x�f�ipf�desTiEgpx�|$ced�� x¡def�~�x:v$|}x�� ~}| ��v}x:z�d{`b��|}c{j 6�cec{x�wUzp`�,�x�ce|:n�v}x:gbde|�~�v$iE~}d{`bf2ipced{gbfS|
~}a"xudesMiEgpxU|}ced�� x_~�`9~}a"x_x�,�de|�~}def�g9w�iE~}i9defX~}a"x0� ��� iEv}v$i jp\�� ~Nde|N��v}`p� `b|�x�w�~}aSiE~N~}a"x_v}x:gbde|�~�v$iE~}d{`bf t x
tSip|�x�wX`bf=sMiE~9�$aSdef"g=� x�iE~}�"v}x�|�defX~}a"x � ��� desMiEgpx0�d{~}aC� x�iE~}�"v}x�| defX~}a"x�� ��� iEv}v$i jp\ � a�x�v}x:gbde|�~�x:v$x�w
desMiEgpx_de|�~}a"x�fXipw�w"x�w(~�`T~}a"x0� ��� |9�:ipceiEv�iEv$v$i�j���|$def"gMi�� `pv$s `��B� `bsM� `b��f�w�def"g"\ � a"xK`pv$d{gbdef�ipc � ���
desMiEgpx_w�iE~}i2sMi j9f�`4 t x@w�de|9�:iEv�w"x�w*\

� ��~�x:vTil|}�"tS|}~}ipf�~}deipc�� `pv}~}d{`bf `�� ~}a"x�� ��� wSiE~}il|�x:~2de|�6 cec{x�w*nYd{~Mde|Mw�de|��Scei jpx�w `bf i � `bsM�S�"~�x:v
s2`bfSd{~�`pv�\-��x:zpx:v�ipcCw�d7+ x:v}x�f�~�z�de|}��ipcede|}iE~}d{`bfZs2x:~}a"`�w�|;�:ipf t x2��|�x�wldef
�:ce�Sw�def"g�zp`bce��sMx2v$i j�� ~�v$i��:def�g"n
|}�"v�� i�� xKv}x�fSw"x:v$def"g2ipf�w/ipf�j�� �Sceipf"x�|$ced��:def"g"\B�¢f
� v}x�s2x�f�~}ipc*v}x�fSw"x:v$def"g�de|�ipce|}`2� `b|}|}d{tSc{x-) �>3 * \

� a�x�z�de|}�Sipcede|}iE~}d{`bf
ipf�w zp`bce�Ss2x:~�v$d���w�iE~}i/ipf�ipc{j�|$de|@|�~}iEgpx�|_t x�f�x�6S~/��v}`bs desM��v}` zpx�s2x�f�~}|Kdef;~}a"x
v}x�� `bf�|}~�v$�
� ~}d{`bf�|�~}iEgpxp\ � a"x ` zpx:v}v�dew�def"g � `bf
� x:v$f-`��1x�i��$a�|}~}iEgpx�de|�~}a"xKw"x�|}d{v}xKf"`p~�~�`�c{`b|�x@w�x:~}ipdec*f"`pv
� x�iE~}�"v}x�|�ipf�wMf"`p~C~�`udef�~�v}`�w��
� x�iEv}~}d5��i�� ~}|:\ � t x�ip�"~}d5����cec{j2|}sM`�`p~}a"x�w�n�6�c{~�x:v}x�wTipf�wMa�d{gbaSc{ju�Sv}`'� x�|$|�x�w
desMiEgpx@de|N��|�x�c{x�|}|¡~�`Mi��Sa�j�|$d��:deipf�iE~�~�x�s2��~}def�g2~�`MsMi �px@i<� `pv}v}x�� ~�w�deiEgbf�`b|}de|¡`��£� `b|}|}d{tSc{xK�SiE~}a�`bc{`pgpjp\
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r a�iE�S~�x:v � aSip|1w"x�sM`bf�|�~�v$iE~�x�w�~}a"xYf�x:x�w@~�`/� `pv}v}x�� ~ ��`pv£s2x�ip|}�"v$x�s2x�f�~*x:v}v}`pv$|£w��"v$def�g�v}x�� `bf�|�~�v$��� ~}d{`bf*\
� a�de|1�$aSiE��~�x:v(w"x�|9� v$d{t x�|9i
v}x:gbde|}~�v$iE~}d{`bf ~�x��$a�fSd����"x=~�` � `pv}v}x�� ~�� `pv9|�x:zpx:v�ipcN`���~}a"x=sMx�ip|}�"v}x�sMx�f�~
x:v}v}`pv�|:n"~}a"x�ceiEv}gpx�|}~�`��D�a�d���a�iEv}x@x�,�� x�� ~�x�w�~�`2t xK~}de|}|}��x�s2`p~}d{`bf*nS� `b|$d{~}d{`bf�|�x�f�|�`pv�ipf�wC�:ipced{t�v�iE~}d{`bf
x:v}v}`pv�|:\ ��x:zpx:v$ipc@�Sc{~�v$ip|�`b��f�w x�,"ipsMdefSiE~}d{`bf�|�iEv}xl� x:v9� `pv$sMx�w ipf�w v}x�� `bf�|�~�v$��� ~�x�w ��|}def"g ~}a�xlf"x�
~�x��$aSf�d�����xp\ � a"x�v}x�|$��c{~}def"g2� ��� w�iE~}i9|�x:~}|KiEv}xUsU�
�$a �:c{x�iEv}x:v@ipf�wX`�� gpv}x�iE~}c{jXx�f�a�ipf
� x�w w�deiEgbf�`b|�~}d��
�"~}deced{~�jp\ � a"x�v}x:gbde|�~�v$iE~}d{`bfTde| i��$aSd{x:zpx�w2t�j_iE���Sc{j�def"gKx�|�~}iEt�cede|}a"x�wUz�de|}��ipc�~�v$i�����def"g�~�x��$a�f�d����"x�|�`b��~}|}dew"x
~}a"x�d{v¡~�v�ipw�d{~}d{`bf�ipc�iEv$x�i�`���iE���Sced��:iE~}d{`bf*\

E1d{~�~}c{x Y`pv��M`bf-~}a"xKv}x:gbde|}~�v$iE~}d{`bf�`��D� ���7�Sc{~�v$ip|�`b��f�w(wSiE~}i�|�x:~}|�de|�x:z�dew"x�f�~¡def-~}a�x ced{~�x:v�iE~}�"v}xp\*�¢f
`bf"x@x�,:� x:��~}d{`bf ) ��k * n�~ Y`9|�x:�SiEv$iE~�x�wSiE~}iM|�x:~}|�Yx:v}x=�! Y7 �WDCB F: bUg7M5js  E9aO-v}x:gbde|�~�x:v}x�w=��|}def�gtK & (6>:&`9�ceipf�w��
sMiEv��2sMiE~9�$aSdef"g"\ � a�de|.� `bf�|�~}d{~}��~�x�|¡iu`bf"x � ` +£n�ceiEt `b�"v�def�~�x�f�|}d{zpx@|�`bce�"~}d{`bf-~�`�iU|�� x��:d76 �Nv}x:gbde|�~�v$iE~}d{`bf
��v}`pt�c{x�s�\ /Nx:v}x Yx��Sv}`p� `b|�x/ipf &=>@7lD=K &=7M58Ubn�5 (�U��  PK  �(67 &T9Kv}x:gbde|�~�v$iE~}d{`bf ipc{gp`pv$d{~}a�s � `pvT��|�x��d{~}a
gpx�f"x:v$d�� ��v}x:x ��aSipf�w���c{~�v$ip|}`b��f�w(desMiEgbdef�g"\

�\��� �}�����_�b���w,��b�!* � ���6,��+' $p*��������u, ���
	������ ,&�
� a"x�i�������de|}d{~}d{`bfZ|�j�|�~�x�s � `bs2�Sv$de|�x�|Ki � `b|}a�d{tSi(sM`�w"x�c ��� � � � C D �� / / ��c{~�v$ip|}`b��f�w;|9�:ipf�f�x:v;�d{~}a
iC� `bf�zpx�, �:�"v}z�decedef"x�iEv_iEv$v$i�j ��v}`pt x�`p� x:v$iE~}def"gXiE~�i2� v}x�����x�f
� j `��.��\ CEmXh / 5p\ � a"x2sMipf��:��i�� ~}�"v}x:v
|�~}iE~�x�|�~}a�x�|���iE~}deipc v}x�|�`bce�"~}d{`bf,% t x�ips w�des2x�fS|}d{`bf�|CiE~�~}a�x � `'�:ipc |�� `p~ ' ip| � \ �UsMs/nSkE\ 1UsMs/n�ipf�w D \ 1
sMs � `pv ceiE~�x:v$ipc�n�x�c{x:zEiE~}d{`bf�ipc�ipf�w�i ,�deipc�v$x�|�`bce�"~}d{`bf�|�v$x�|�� x�� ~}d{zpx�c{j %�sMx�ip|}�"v}x�w�iE~�~}a"x�q w � �:�"~�` +(ipf�w
ip|}|}�SsMdef"g�i � � j �:c{x��S�Sce|�x+'}\ � a"x�|}xKz ipce�"x�|NiEv}x@|}desTdeceiEv¡~�`2~}a"x��:ipc��:�SceiE~�x�w/~}a"x:`pv$x:~}d��:ipc�zEipce�"x�| ) �<C * \

� a�x � `b|}d{~}d{`bf�ipf�w�`pv$d{x�f�~}iE~}d{`bf_`���x�i���au|��:ipf@�Sceipf"xCv}x�ceiE~}d{zpxY~�`�i�6
,�x�wK~�v$ipfS|}sMd{~�~�x:v£iEv}xYsMx�ip|}�"v}x�w
t�jUipf � r sTiEgbf"x:~}d���6�x�cew2v}x�� x�d{zpx:v %��£`bcea"x�sU��|*A � � � [ ��� '1sM`b��f�~�x�w2`bf2~}a�x¡��v}`pt xp\ � sTiEgpx�|B� v}`bs
~}a"x2z�dew"x:`X`b�"~��S�"~K`���~}a"xT|9�:ipf�f"x:v�iEv$xMv}x�� `pv$w�x�wlt�j ipf 1(tSd{~ � v$ipsMx�gpv$iEt�t x:v@t `biEv$wliE~ui(v$iE~�xM`��
m � C � v$ipsMx�|�� x:v¡|}x�� `bf�w*\ � a�x@desMiEgpx�|�ipfSw(~}a"x@� `b|}d{~}d{`bf�wSiE~}i2iEv}x�|�~�`pv$x�w/def(~}a"x_s2x�s2`pv$j2`���iM����f
���SiEv"� ��~}iE~}d{`bf
k D �`pv9��|�~}iE~}d{`bf*\

��desU��ceiE~}d{`bfS|�iEv}x�6Sv$|�~U� x:v9� `pv$s2x�w `bf i � `bs2���"~�x:vUgpx�f"x:v$iE~�x�w ` � ~}ipa"x�w"v$`bf*\ � a"x-`'� ~}ipa"x�w�v}`bf
|}a�iE� x�de|D�$a"`b|�x�f2t x��:ip�S|�xY~}a�x�t `b��fSw�iEv}j `b�"~}cedef"x�`���~}a�x�` � ~}ipa"x�w"v$`bf�def_x�i���a � v}`b|}|���|�x�� ~}d{`bf2de|���f�d����"x
�d{~}a�def9iuc{`'�:ipc f"x�d{gba�t `b��v$a"`�`�w*\ �¢fM`p~}a"x:v.�`pv$w�|:n�x�i��$a2� v}`b|$|¢��|�x�� ~}d{`bf(a�ip|�i_�Sf�d�����x�c{`'�:iE~}d{`bf�Na"x:v}x
v}x ��def�|}x:v}~}def"g2~}a"x@|$ced�� x_def�~�`2~}a"x@zp`bce��sMx;�d{~}a(~}a"x�`'� ~}ipa"x�w�v}`bf�sMi �px�|�i�� x:v9��x�� ~.6�~:\

E1iEt `pv�iE~�`pv}jK~�x�|�~}|£iEv}xC~}a"x�f�� x:v9��`pv�s2x�w `bf�ipf�`pv}gbipf_�Sa�ipf�~�`bs �a�d���a � `bfS|}de|�~}|�`���iNceiE~�x�,�tSipcec{`�`bf
6�cec{x�w��d{~}aC�iE~�x:v�\ � a"x �Sa�ipf�~�`bs de|¡sM`b��f�~�x�w-def(iUtSiE~}a�`����iE~�x:v�iE~¡ipf(x�c{x:zEiE~�x�w�~�x�sM� x:v�iE~}�"v}xK|�`
~}a�iE~¡~}a�x@��v}`p�SiEgbiE~}d{`bfX|�� x:x�w-`�����c{~�v$ip|�`b��fSw(def(~}a"x �iE~�x:v�x�����ipce|¡~}a�x@|�� x:x�w�def�a���sMipf9~}de|}|}��xp\
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�\��� �.�����*��6,�� ��� ,����!*�� �w,����!��,��.���!���6,���$k,��b�*
� a"x1� `bcec{`4�def"g;w"x�|�� v$d{��~}d{`bf de|U�S|�x���w�`E�%� `�w"x1� `pvu~}a�x9ipc{gp`pv$d{~}aSs ~}a�iE~�� v}x�iE~�x�|:n*Nd{~}a"`b�"~Uipf�jlx:v$v}`pv
� `pv}v}x�� ~}d{`bf�n�i�zp`bce��sMx:~�v$d��Kv}x�� `bfS|�~�v$�
� ~}d{`bf(`���~}a"x � ��� desMiEgpx�|}ced�� x�|�\

[¡x�� `bfS|�~�v$�
� ~}d{`bf � c{gp`pv$d{~}aSs	�^587 $@DT>J7�[¡x:gbde|}~�v$iE~}d{`bf
kE\�i�������d{v}x � ��� desMiEgpx�
 ipf�w�ip|}|�` �:deiE~�x�wX� `b|$d{~}d{`bf�w�iE~}i� )��

� \�defS|�x:v}~�desTiEgpx�
 def�~�`2v}x�� `bf�|�~�v��
� ~}d{`bf�zp`bce��sMx �
� \ klw�x:~�x:v$sMdef"x@c{` �:iE~}d{`bfX`��1�Sd7,�x�c������<�d{~}a�v}x�|�� x�� ~¡~�` �

� - � � ) � � ) � � )�� � - ��� � - � ) � -
� \ � d5��f"x�iEv$x�|�~�zp`�,�x�c�� �"!$#�def � de|�x�s2��~�jpn�|�x:~¡~�`%�&�'�
� \ � x�ce|}x�|�x:~(� �"! #�~�` �x�d{gba�~�x�w=i�zpx:v�iEgpx_`���x�,"de|�~}def"g)� �"! #_ipf�w�� ���

� �"!$# � �+*-,/. 021
�436587:9<;>=�?365

Na"x:v}x@f�de|¡def�� v}x�s2x�f�~�x�w�i � ~�x:v�x�i��$a �:ipc��:��ceiE~}d{`bfX`����@�"!$#

��\¡v$x:� x�iE~NiE~�|�~�x:�
kE\

�Yi��$audesMiEgpxYde|1v}x:��v$x�|�x�f�~�x�wuip|�i � ����iEv}v�i�j�
 `���def�~�x�f�|$d{~�j@zEipce�"x�|����'��\ � a�x3� ��� v}x:�Sv}x�|�x�f�~}iE~}d{`bf
`��£~}a"xK|�x:~�`��£desTiEgpx�|�de| �$a�`b|�x�f(~�`�t xKi0�:��t x:v�decec{x � \ � a"x ~�x:v$s ��( 	<�=�-��������	��>���=� 0=�=�$�� ( de|�ipce|�`
��|�x�w=~�`(w"x�|9� v�d{t xU~}a"x � ��� w�iE~}i(|�x:~:\��Yi��$a;x�c{x�sMx�f�~�� �"! #�`�� � v}x:��v}x�|}x�f�~}|Ki9zp`�,�x�c def |��Si�� xp\ � a"x
zp`�,�x�c�|}d65:x_de|��$a"`b|�x�f/i���� `pv$w�def"g�~�`�~}a"xK~�v�ipw"x:` +=t x:~ Yx:x�f(v$x�� `bf�|�~�v$�
� ~}d{`bf�~}des2xKipf�w-v}x�|�`bce��~}d{`bf(tS�"~
de|Mf�x:zpx:vT|�x:~Mc{`�Yx:v9~}a�ipf ~}a�x/|�j�|�~�x�s �^|2|}�SiE~}deipc¡v}x�|}`bce�"~}d{`bf*\ �¢f ~}a"x�|}x�~�x�|�~}|:n�~}a"x(zp`4,�x�c�|}d65:x�|9iEv}x
iE����v$`�,"desMiE~�x�c{j16SzpxK~}des2x�|�ceiEv}gpx:v�~}a�ipf/~}a"x � ��� desTiEgpxK�Sd7,�x�ce|�\

� a�x�ACBED&B@FMwSde|��Scei�� x�s2x�f�~�ipf�w �WDT9j9i� F&587lU�$<�oO�&T~ `pv�d{x�f�~}iE~}d{`bf;w�iE~}i<��v$`bs ~}a"x�� `b|}d{~}d{`bfX|�x�f�|�`pv�de|
� `bf�zpx:v}~�x�w-def�~�`ui83 #�3_a�`bs2`pgpx�f"x:`b��|C~�v$ipf�| � `pv$sTiE~}d{`bf2sMiE~�v$d7, � )�� \ � |�~}ipf�wSiEv$wMf"`p~}iE~}d{`bf9de|���|�x�w
�a�d���aTw�x�|9� v$d{t x�| � )�� ip|C~}a"xN~�v$ipf�| � `pv$sTiE~}d{`bf ���WDTK ~}a"x � `�`pv�w�def�iE~�xN|}j�|�~�x�s iE~�~}a"x�v}x�� x�d{zpx:v3%/G 'o7lD
~}a"x;� `�`pv$w�def�iE~�xK|�j�|�~�x�s iE~�~}a"x ~�v$ipf�|}sTd{~�~�x:v %YZ '}\
A�d{gb�"v}x ��\ k w"x:�Sd�� ~}|�~}a"x/� `b�"v�� `�`pv$wSdef�iE~�xK|�j�|}~�x�sM|
��|�x�wC��`pv¡v$x�� `bf�|�~�v$�
� ~}d{`bf�\

� a�x�� `b|}d{~}d{`bf=`�� iM��d7,�x�c����'���d{~}aXv}x�|�� x�� ~�~�`9d{~}|��Sceipf�x %/H '�de|�x�,���v$x�|}|�x�w=ip|Ni9a"`bs2`pgpx�f�x:`b��|
zpx�� ~�`pv � - \ � a"xU�Sd7,�x�c � `b|$d{~}d{`bf*n-�d{~}alv}x�|�� x�� ~K~�`�~}a"x �:�"t x:v$decec{x � `�`pv$w�defSiE~�xM|�j�|�~�x�s %JI3'}n-�:ipflt x
w"x:~�x:v$sTdef"x�wTt�j2~�v�ipf�| � `pv$sMiE~}d{`bf9~�`U~}a"x v}x�� x�d{zpx:v�� `�`pv$w�def�iE~�xK|�j�|�~�x�s/n�~}a"x�f9~�`U~}a"x ~�v$ipf�|$sMd{~�~�x:v�ipf�w
6�f�ipcec{j;~�`X~}a"xMv$x�� `bf�|�~�v$�
� ~}d{`bfZzp`bce��sMx2z�dei � ) � n � )K� n£ipfSw � ) � v}x�|�� x�� ~}d{zpx�c{jp\ � ) � w"x�|9� v$d{t x�|
~}a"xT~�v$ipf�| � `pv$sMiE~}d{`bf t x:~%�x:x�fZ~}a"x=� `pv$f�x:v_`��¡~}a�xT|9�:ipfZ�Sceipf"x9ipf�wl~}a�x1� `�`pv$w�def�iE~�x-|�j�|�~�x�s `��¡~}a"x
v}x�� x�d{zpx:v�\3��~¡de|�w"x:~�x:v$sMdef�x�wTt�j��:ipced{t�v$iE~}d{`bf�`bf/iU�Sa�ipf�~�`bs ipf�w-v}x�sTipdef�|.� `bf�|�~}ipf�~¡~}a"v}`b�"gba�`b�"~�~}a"x
v}x�� `bf�|}~�v$�
� ~}d{`bf*\ � ) � w"x�|9� v$d{t x�|N~}a"xu~�v$ipf�| � `pv$sMiE~}d{`bf � v}`bs ~}a�x_~�v$ipfS|}sMd{~�~�x:v ~�`9~}a"x0� `pv�f"x:v `�� ~}a"x
�:�"t x:v$decec{xp\C� ~_de|u|�x:~_~�`X~}a"x9cedesMd{~}|_`���~}a"xMv$x�� `bf�|�~�v$�
� ~}d{`bfZzp`bce��sMxM~}a�iE~_~}a"xM��a�j�|}d��:deipf |9�:ipf�|uipf�w
ipce|�`-v}x�sTipdef�|�� `bf�|}~}ipf�~ ~}a"v}`b��gba"`b�"~�~}a�x_v}x�� `bfS|�~�v$�
� ~}d{`bf*\ � a"x �:��sU��ceiE~}d{zpxUsMiE~�v$d7,/sU��c{~}d{��ced��:iE~}d{`bf
`�� � ) � � )�� � ) � de|¡iEtSt�v}x:z�deiE~�x�w/ip|�|$des2�Sc{j ) \

� x�� `pv}x-~}a"x9|}~}iEv}~_`���~}a"xTx�,"ipsMdefSiE~}d{`bf*n ~}a"xL� �M!$#9x�c{x�s2x�f�~}|Uipcec�a�i�zpx-zEipce�"x�|u`�� 5:x:v}`"\ � |ux�i���a
desMiEgpxude|Ni�������d{v}x�w�n�x�i���aXzp`4,�x�c£x�c{x�sMx�f�~N�@�"!$#_~}a�iE~�de|�def�~�x:v$|�x�� ~�x�w=t�j(~}a�x_|9�:ipfX�Sceipf"xude| �:ipc��:��ceiE~�x�w
i���� `pv$w�def�gu~�`u~}a"x����'��x�c{x�sMx�f�~}|.Na�d��$a9def�~�x:v�|�x�� ~�~}a"x�zp`�,�x�c�\ � |}def"gbc{x zp`4,�x�c �decec�x�f
� `bsM�Sip|}|�sMipf�j
�Sd7,�x�ce|O����� � v}`bs ~}a�xMa�d{gba"x:v@v$x�|�`bce�"~}d{`bfZdesMiEgpxMipf�w
sMi�j=t x2def�~�x:v�|�x�� ~�x�w iEgbipdef t�j ���"~}�"v$x2desMiEgpx
|}ced�� x�|:\���~�x:� � iEt ` zpxuw"x�|9� v$d{t x�|�a"`� ~}a"x@ipc{gp`pv$d{~}a�s � `p� x�|��d{~}a(t `p~}a-~}a"xKv}x�wS�
� ~}d{`bf�def-v}x�|�`bce��~}d{`bf
t x:~%�x:x�fl~}a"x2desTiEgpxP
 ipf�wl~}a"x�v}x�� `bf�|�~�v��
� ~}d{`bflzp`bce��sMx � n�ip|;�x�cecCip|@def�~�x:v$|�x�� ~}d{`bfS|�`���sU��c{~}d{�Sc{x
|9�:ipf/�Sceipf"x�|:\
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position sensor
reciever

hand-held 
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z
R
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T

T = Transmitter
C = Cuberille
P = Plane
R = Reciever

Coordinate System Notation reconstruction
volume

A�d{gb�"v}x ��\ kE� r `�`pv�w�def�iE~�x@|�j�|�~�x�sM|��S|�x�w2� `pv¡v}x�� `bf�|�~�v��
� ~}d{`bf*\

A a"x�f ipf desTiEgpx�def�~�x:v$|}x�� ~}|2zp`�,�x�ce| Na"`b|�x-z ipce��x�|2a�i�zpx/��v}x:z�d{`b��|}c{j
t x:x�f |�x:~:n�i=v}x:gbde|�~�v$iE~}d{`bf
��v}` � x�w��"v$x �:ipf/t x��:iEv}v�d{x�w/`b�"~�~�`Tipced{gbf=~}a"x�desTiEgpx�~�`M~}a�x�x�,"de|�~}def"gTwSiE~}iTdef/~}a"x � ��� iEv$v$i�j � |�x:x
��x�� ~}d{`bf ��\43"\

� ��~�x:vui/|}��tS|�~}ipf�~}deipc�� `pv}~}d{`bfl`�� � de| 6�cec{x�w
d{~0�:ipflt x2w�de|��Scei jpx�w
`bf iC� `bs2���"~�x:v�s2`bfSd{~�`pv@t�j
|�x:zpx:v$ipc£w�d7+ x:v}x�f�~�s2x:~}a"`�w�|:\ � a"x�|�x_s2x:~}a"`�w�|¡def
�:ce�Sw"x@zp`bce��sMx@v$i�j�� ~�v$i��:def"g"n*|}��v9� i�� x�v}x�f�w"x:v$def�gMipf�w
ipf�j�� �Sceipf�x@|}ced��:def"g"\��"�"v9��i�� x�v$x�f�w"x:v$def"gUde|¡��|}x�w9def�A£d{gb��v}x�| ��\ � n ��\43Mipf�wC��\ m�n�ipf�w(ipf�j�� �Sceipf"x@|$ced��:def"g
def A�d{gb�"v}x�| ��\ q-ipf�w ��\ C�\ A�d{gb�"v$x���\ � |$a"`4�| ~}a�xuv$x�|}��c{~ `��YiE����c{j�def"g9~}a"x�iEt ` zpx2ipc{gp`pv$d{~}aSs ~�`(~}a"x
`pv}gbipf/�Sa�ipf�~�`bs�n"d�\ xp\!~�587 $@DT>J7�v}x:gbde|�~�v�iE~}d{`bf*\

k�1



 �  + ('	<���������>��	��>������� � ��*9���-�2+ (H!=� ��� �4�:������� � �

���v�����]�����)���-"�2��/.� ��&";��	�&.0��/1 ���������]�����)���-"�2��/.� ��&";��	�W.���/1

��.7���������������-"�24�-.� ��
";��	�W.0��/1 ��1V��	��]�����)���-"�2��/.� ��&";��	�W.���/1

���)���
���]���������-"�2��/.� ��
";��	�W.0��-1 �^(�����
�n���������-"�24�/.0 ��&";��	�&.0��/1

A�d{gb�"v}x ��\ � �X[¡x�� `bf�|�~�v��
� ~}d{`bf `��Kipf `pv}gbipf �Sa�ipf�~�`bs �d{~}a"`b��~ � `pv}v}x�� ~}d{`bf � `pv2`pv}gbipf s2`p~}d{`bf*\ �
|�x:~@`��Kk � mXdesMiEgpx�|_de|K`pt�~}ipdef"x�w t�j � v}x:x ��a�ipf�w |9�:ipf�f�def"g"\ � a"x2desTiEgpx�|�iEv}xMi�������d{v}x�w
t�j;|9�:ipfSf�def"g
6Sv$|}~���v}`bs&c{x�� ~2~�`lv�d{gba�~:n�~}a"x�f v�d{gba�~2~�` c{x���~:\�hX`p~}d{`bf�defSw��
� x�w v}x:gbde|}~�v$iE~}d{`bf x:v}v$`pv$|2iEv}x�x:z�dew"x�f�~:�
~}a"x-|}�"v9��i�� x9`��¡~}a"x9�Sa�ipf�~�`bs � `bfS|�~�v$�
� ~�x�w i � ~�x:vU~}a"x9c{x�� ~¢� ~�`E� v$d{gba�~M|9�:ipf�% �/'@w"`�x�|uf�`p~usTiE~9�$aZ~}a"x
|}�"v�� i�� x�� `bfS|�~�v$�
� ~�x�w(t�j(def
�:ce��w�def�g�~}a"x � `bcec{`4�def"gTv$d{gba�~¢� ~�`E��c{x���~ |9�:ipf % � '}\3� f��SiEv}~}d��:��ceiEv�nS~}a"x@~�`p�/`��
~}a"xNv}x�� `bf�|�~�v$��� ~}d{`bf9def7% � '�|}a"`4N|YsU��c{~}d{�Sc{xN|}�"v9��i�� x�|3� v$x�iE~�x�w���v}`bs ~}a"x�` zpx:v$ceiE����def"g"n"sMde|¢� v}x:gbde|}~�x:v}x�w
desMiEgpx�|�\ � a"x2v}x�fSw"x:v$def"g��Sv}`pgpv$ips iE~�~�x�sM��~}|_~�`/gpx�f"x:v$iE~�x-|}�"v�� i�� x�| ��v$`bs zp`�,�x�c�def�~�x�fS|}d{~}d{x�|UiEt ` zpx
i�� x:v$~}ipdef
~}a"v$x�|}a"`bcew*\(�£`pv}~}d{`bf�|_`���~}a"xM|}��v9� i�� xT`���~}a"xM�SaSipf�~�`bs iEv}xTsTde|}|}def"g/def�% �/'Nt x��:ip��|�xT~}a"x
~}a"v}x�|$a"`bcew(de| �$a�`b|�x�f(~�`MsTdef�desMde|�x�|�� x��9��c{x�ipf�w(desM��v}` zpx �:ceiEv�d{~�j-`��1~}a�x@desMiEgpxp\ � a�x |$�"v9��i�� x�|¡def(ipcec
desMiEgpx�|KiEv$x �:ipc��:��ceiE~�x�w �d{~}a=~}a"x2|$ips2xu~}a"v}x�|}a"`bcew�\ � a"x �S`�`pv `��C~}a"x��iE~�x:vKtSip|}def;de|Kipce|�`(x:z�dew"x�f�~
ip| �x�cec�ip|�~}a"x@s2`b��f�~}|�iE~¡~}a"x�x�f�w�|�`��£~}a"x@�SaSipf�~�`bs/\

k�o



 � G + ('	<���������>��	��>������� � ��* +;(H!=� �������:�>���=� % �

�\��� �.�����*��6,�� ��� ,����!*�� �w,�� �.���!���6,���$k,����!*
�����&��� ���
;<�����;��

� v$ipw�d{~}d{`bf�ipcec{jpn�v$x:gbde|�~�v$iE~}d{`bf(��v$`ptSc{x�sM|�def-s2x�w�d��:ipc desMiEgbdef�gUiEv$x�z�d{x��x�w(ip|���f
� `bf�|�~�v�ipdef"x�w-|�x�iEv��$a�x�|
� `pvY~}a"xN~�v$ipf�| � `pv$sTiE~}d{`bf<�aSd��$aTt�v$def"gb|C`bf"xNdesTiEgpx&% `pv�|�x:~�`���desMiEgpx�| '�def�~�`u`p��~}desTipcSipced{gbf�sMx�f�~3�d{~}a
ipf"`p~}a"x:v ){k D+* \ � a�xY|�x�iEv���aU|��Si�� x�de|£~�j��Sd��:ipcec{j�zpx:v}juceiEv}gpxpnpv}x�|}�Sc{~}def"g�defUi � `bs2�S��~}iE~}d{`bf�ipcec{j�x�,�� x�f�|}d{zpx
v}x:gbde|�~�v�iE~}d{`bf ipc{gp`pv$d{~}a�s/\ A d{~}a � ��� ��v}x:x ��aSipf�w �Sc{~�v$ip|�`b��f�wZdesMiEgbdef�g"nBYx��:ipf ~}i �px�ipw"zEipf�~}iEgpx(`��
~}a"x ��i�� ~�~}aSiE~�def�w�d{z�dew���ipc�desTiEgpx�|�iEv}xMi�������d{v}x�w deflv$iE��dewl|}�
��� x�|}|$d{`bf*n£ipfSwlipf�j v}x:gbde|}~�v$iE~}d{`bf
x:v$v}`pv
|}a"`b�Scew/zEiEv}j�|}sM`�`p~}a�c{j2� v}`bs `bf"xUdesMiEgpxu~�`T~}a"xUf"x�,�~:\ � a�de|�`pt�|�x:v}zEiE~}d{`bfXv�ipde|�x�|�~}a"x_� `b|}|$d{tSdeced{~�j�`��
� x:v9� `pv$sMdef"gux �=�:d{x�f�~�v}x:gbde|}~�v$iE~}d{`bf�Nd{~}a�def�iUz�de|}��ipc*~�v$i�����def�g<� v$ips2x��`pv9� \

[¡x�� `bfS|�~�v$�
� ~}d{`bf � c{gp`pv$d{~}aSs	�^587 $�[¡x:gbde|�~�v$iE~}d{`bf

kE\�i�������d{v}x � ��� desMiEgpx�
 ipf�w�ip|}|�` �:deiE~�x�wX� `b|$d{~}d{`bf�w�iE~}i� )��

� \�6 f�w(ceipf�w�sTiEv9��|�� �'�-def�desMiEgpx ��|�x:x�A�d{gb�"v}x ��\ �

��\�d5��~}a"x@|��:ipf��Sceipf"x<)<D4 LB (�DT7(5 (67% ��bB� bUY7�x�,"de|�~}def"gTw�iE~}i1% ��v}x:z�d{`b��|N|}ced�� x�| 'Ydef �
��\ kldefS|�x:v}~�desTiEgpx�
 def�~�`2v}x�� `bf�|�~�v��
� ~}d{`bf�zp`bce��sMx �
��\ kE\ k
w�x:~�x:v$sMdef"x@c{` �:iE~}d{`bfX`��1�Sd7,�x�c������<�d{~}a�v}x�|�� x�� ~¡~�` �

� - � � ) � � )�� � ) � � - ��� � - � ) � -
��\ kE\ � d5��f"x�iEv$x�|�~�zp`�,�x�c�� �"!$#�def � de|�x�s2��~�jpn�|�x:~¡~�`%�&�'�
��\ kE\ � x�ce|}x�|�x:~(� �"! #�~�` �x�d{gba�~�x�w=i�zpx:v�iEgpx_`���x�,"de|�~}def"g)� �"! #_ipf�w������

��\ � defS|�x:v}~�� �'� def�~�`Mzp`bce�Ss2xK`���ceipf�w�sMiEv���| '
��\ � \ k
w�x:~�x:v$sMdef"x@c{` �:iE~}d{`bfX`��	� �'� %�iE~ � - '*�d{~}a(v}x�|}� x�� ~�~�` �

� - � ) � -
��\ � \ � ip|$|}d{gbf/f"x�iEv$x�|�~¡zpx�� ~�`pv def ' ~�`
� �'�

��\ � v$x:� x�iE~NiE~�|�~�x:�
kE\

3"\�d5��|9�:ipf��Sceipf"x:5 (67% ���B� �UY78B@x�,"de|�~}def"g9w�iE~}i2def � n"v$x:gbde|�~�v$iE~}d{`bf=de|�� x:v9��`pv�s2x�w
3"\ k;`p�S~}desMde|�x ) ~�`Tipced{gbf�� �'�1�d{~}a(x�,"de|�~}def"gTceipf�w�sMiEv���|�def 7

) �>� )�

3"\ � defS|�x:v}~�desTiEgpx�
 def�~�`2v}x�� `bf�|�~�v��
� ~}d{`bf�zp`bce��sMx � z�dei )�

3"\ � \ k
w�x:~�x:v$sMdef"x@c{` �:iE~}d{`bfX`��1�Sd7,�x�c������<�d{~}a�v}x�|�� x�� ~¡~�` �
� - � )� � -

3"\ � \ � d5��f"x�iEv$x�|�~�zp`�,�x�c�� �"!$#�def � de|�x�s2��~�jpn�|�x:~¡~�`%�&�'�
3"\ � \ � x�ce|}x�|�x:~(� �"! #�~�` �x�d{gba�~�x�w=i�zpx:v�iEgpx_`���x�,"de|�~}def"g)� �"! #_ipf�w������

3"\ � v$x:� x�iE~NiE~�|�~�x:�
kE\

� zEiEv$d{x:~�j2`��*desTiEgpx�v}x:gbde|�~�v�iE~}d{`bfT~�x���a�f�d����"x�|CiEv$xNi�zEipdeceiEtSc{x	){k D+* \ r `pv}v$x�ceiE~}d{`bfMtSip|}x�w2~�x��$aSf�d�����x�|
iEv}x ~}a"x |}des2��c{x�|�~CtS��~�w"`Uf"`p~.�`pv9� �x�cec � `pv � ���G�Sc{~�v$ip|�`b��f�w-desTiEgpxNv}x:gbde|}~�v$iE~}d{`bf*\ � a"x 6Sv�|�~Yv$x�ip|�`bf
de|@~}a�x2~�x��$a�fSd����"x��^|_|�x�f�|}d{~}d{z�d{~�j
~�`/i�zpx:v$iEgpx-gpv}x:j;c{x:zpx�c*�a�d��$a sMi j=f"`p~�t x � `bfS|}de|�~�x�f�~�~}a"v}`b��gba"`b�"~
~}a"xK|9�:ipf0% ��x�� ~}d{`bf � \ ��\ k/'}\���x�� `bf�w�c{jpn"~}a"x@qU�8./A v}x:gbde|�~�v$iE~}d{`bf/��v}`ptSc{x�s �:ipf�f�`p~�t x/� `bf�zpx:v}~�x�w/def�~�`
s2`pv$xTx �=�:d{x�f�~ �:ipc��:��ceiE~}d{`bf�|Mdef ~}a"x=� v}x����"x�f
� j
w�`bsMipdef*n ��fSced5�px � �8./AG��v}`ptSc{x�sT|:\ [¡x:gbde|�~�v$iE~}d{`bf

��D



 � G + ('	<���������>��	��>������� � ��* +;(H!=� �������:�>���=� %��

~}des2x�|MiEv}x�~}a"x:v}x�� `pv}x��Sv}`ba�d{tSd{~}d{zpx�c{j c{`bf"g"\ A��"v}~}a"x:v�s2`pv}xpn@� `pv}v}x�ceiE~}d{`bf tSip|�x�w ~�x���a�f�d����"x�|MiEv}xXipce|�`
|�x�f�|$d{~}d{zpxX~�` ~}a"x���v}x�|}x�f
� x�`��Kv}x�|}dewS��ipc¡f"`bf�� v�d{gbdew�� t `�w"jZv}x:gbde|�~�v�iE~}d{`bf x:v$v}`pv$|�~}a�iE~9iEv}x/�Sv}x�|�x�f�~Mdef
��c{~�v$ip|}`b��f�w=desMiEgpx�| % ��x�� ~}d{`bf � \ � '}\@[¡x:gbde|�~�v�iE~}d{`bf z�deiv9�&�(�)TK�&���cgB�`bf=`pt@?¢x�� ~}|�def=~}a"xUdesMiEgpxUi�zp`bdewS|
~}a"x�|�x;�Sv}`ptSc{x�sM|�\ �C|}|}x�f�~}deipcec{jpn�d{~�de|-�Sv}`p� `b|�x�w ~�` 6�f�w )  ��|$def"g ceipf�w�sMiEv���| ){k D+* � ipf�iE~�`bsTd��:ipc
� x�iE~}�"v}x�| Na�d��$aC�:ipf�t xKv$x�cedeiEtSc{j(w"x:~�x�� ~�x�wXdef/ipcec�desMiEgpx�|:\

� a�x@sMipdef�w�d7+ x:v}x�f
� xKt x:~ Yx:x�fX~}a�de|¡ipc{gp`pv$d{~}aSs ipf�w(~}a�x�ipc{gp`pv$d{~}a�s �d{~}a"`b�"~�v$x:gbde|�~�v$iE~}d{`bf % ��x�� �
~}d{`bf ��\ � '�de|U~}a�iE~U~}a"x(desMiEgpx(|}ced�� x(~�v�ipf�| � `pv$sMiE~}d{`bf ) de|Uv}x:��cei�� x�w �d{~}a )� \ )� de|U~}a�x9`p�S~}desMipc
~�v$ipf�|9��`pv$sTiE~}d{`bf/~}aSiE~Nv}x:gbde|}~�x:v$|:n z�dei9ceipf�w�sTiEv9��|:n�~}a"xUdesMiEgpx�
 Nd{~}a/~}a"xux�,"de|�~}def"g-w�iE~}iTdef � \ ��~ de|
� `bf�|�~�v�ipdef"x�w(~�`<� `bsM� x�fS|}iE~�x `bf�c{j���`pv��Sa�j�|}d��:ipcec{j-v}x�ipcede|�~}d��@v$x:gbde|�~�v$iE~}d{`bf�x:v$v}`pv$|:\ �¢f(gpx�f"x:v$ipc�n�d{~¡sMi�j
t xNf"x�� x�|$|}iEv}jM~�`�� `bsM� x�fS|}iE~�x�� `pv�desMiEgbdef"gux:v}v}`pv$|�n�~}de|$|}�"x s2`p~}d{`bf9ipf�w-def�i����:�"v$iE~�xKs2x�ip|$�"v}x�s2x�f�~C`��
~}a"x@|9�:ipf-��ceipf"x�|��"� `b|}d{~}d{`bf�|:\ �¢f-~}a�de|�|�~}�Sw"jpn�a"`4�x:zpx:v�n�~}a�x@sMipdef-|�`b�"v�� xK`��1x:v}v}`pv¡de|¡|$�"t@?¢x�� ~�sM`p~}d{`bf
w��"v�def"g�~}a"x |9�:ipf*\ )� de|�~}a"x:v$x���`pv}x/� `bf�|�~�v�ipdef"x�w9~�`Ui_v$d{gbdew(q_� .;A
~�v$ipfS| ��`pv�sMiE~}d{`bf1� `bf�|}de|�~�x�f�~.�d{~}a
s2`p~}d{`bf"� v}x�ceiE~�x�w
x:v$v}`pv$|:\/��sM`�`p~}a�c{j=zEiEv}j�def�g/v}x:gbde|�~�v�iE~}d{`bf x:v$v}`pv$| Ndecec v}x�|}�Sc{~�def
|}sM`�`p~}aSc{j=zEiEv}j�def"g
�SiEv$ipsMx:~�x:v$|�`�� )� nSa�x�f
� xK~}a"x�|}�Sd{~}iEtSdeced{~�j(`���i�~�v$i�����def"g=��v�ips2x��`pv9��\

�����&��� � ;.��;<� �����
	 ����� ��	 � � �����!

E�ipfSw�sMiEv9��|�gpx�f"x:v$ipcec{j�ced{x_`bf�|}�"v�� i�� x@t `b��fSw�iEv$d{x�|��aSd��$a�iEv}xuw�de|�~�v$d{t��"~�x�w�|}sM`�`p~}a�c{j-def�� ��� |}�Si�� xp\
� a���|:n Na"x�f i f"x�Nc{j�i������Sd{v}x�w desMiEgpx 
&de|-def�|�x:v}~�x�w def�~�` � n�d{~}|-ceipf�wSsMiEv9��|T|$a"`b��cew ced{x �:c{`b|�x
~�`lceipf�w�sTiEv9��|uw�x:~�x�� ~�x�w def `p~}a"x:vMdesTiEgpx�|:\Z[�x:gbde|�~�v$iE~}d{`bf�x:v}v}`pv$|��:ipf t x�� `pv}v}x�� ~�x�w�t�jZ|�x�iEv��$aSdef"g
� `pv<� `pv}v}x�|�� `bf�wSdef"glceipf�w�sTiEv9��|�ipfSw iE���Sc{j�def"g
i;~�v�ipf�| � `pv$sMiE~}d{`bf ~�`
~}a"x/f"x� ��ceipf"x/|�`;~}a�iE~T~}a"x
ceipf�w�sTiEv9��|CiEv}x t�v}`b��gba�~@�:c{`b|�x:v�~�`pgpx:~}a"x:v�\@A£d{gb��v}x/��\ �uw"x:��d�� ~}|�~}a"x�ceipfSw�sMiEv9��w"x:~�x�� ~}d{`bf���v}` � x�w��"v}xp\

� a�x_ceipf�w�sTiEv9��|¡��|�x�w=def/~}aSde|N|�~}�Sw"j(iEv}x_x�w�gpx_x�c{x�sMx�f�~}| % x�w"gpx�ce| '�ip�"~�`bsTiE~}d��:ipcec{j/x�,�~�v$i�� ~�x�w t�j
~}a"x r ipfSf�j=x�w"gpx2w"x:~�x�� ~}d{`bfZipc{gp`pv$d{~}a�s"){kpk * `p� x:v$iE~}def"g�`bfli-~}a�v}x�|}a"`bcew"x�w;desTiEgpxp\ � a"x�x�w"gpx�ce|_iEv}x
��v}`�w��
� x�w/iE~Ni2c{`�Yx:v v}x�|�`bce��~}d{`bf � `pv}v$x�|�� `bf�w�def"g�~�`T~}a"x@zp`�,�x�c�|}d65:x�`�� � \ � a"x@x�w"gpx�c1|�x:~Nde|�� ��v}~}a"x:v
��v$�Sf"x�w�t�j���a�ipdef�def"g@f"x�d{gba�t `b�"v$def"g�x�w"gpx�ce|�~�`pgpx:~}a"x:v�ipf�wux�cedesMdef�iE~}def�g/��a�ipdef�|D�d{~}a0� x�Yx:v�~}aSipfU~}a"v}x:x
x�w"gpx�ce|:\ � aSde|�v}x�wS�
� x�|�~}a�xuf���sut x:v�`�� x�w"gpx�ce| �Sv}`�wS�
� x�w�t�j�|�� x��9��c{xp\ � a"xU|�x:~N`��Cx�w"gpx�ce| ��v}`�w��
� x�w
def2~}aSde|CsMipfSf"x:v de|C|}� �=�:d{x�f�~3��`pvY~}a"x¡`pv}gbipfT�Sa�ipf�~�`bs v$x�� `bf�|�~�v$�
� ~}d{`bfS|:n�~}a�`b�"gbaMsM`pv}x¡|�`p�Sa�de|}~}d��:iE~�x�w
ceipf�w�sTiEv9�Mx�,�~�v$i�� ~}d{`bfX~�x��$a�fSd����"x�| ){k * � `b��cew/t xK��|}x�w2��`pv�5 (
#Wsg58s DM|�~}��w�d{x�|�\

E1ipf�w�sMiEv���|�iEv}xu|�~�`pv}x�w=def/i1� ��� zpx�� ~�`pvKiEv}v$i�j ' ip|N~}a"x � ��� desMiEgpx�|�iEv$x_i�������d{v}x�w*\ � a"x_|9�:ipf
�Sceipf"x9`��¡~}a"x=6Sv$|}~udesTiEgpxpn ipf�w ced5�px�c{j
~}a"x-f"x�,�~U|}x:zpx:v$ipc�desMiEgpx�|:n �decec�f"`p~Udef�~�x:v$|�x�� ~2ipf�jlx�,�de|}~}def"g
w�iE~}i(def ~}a"x2defSd{~}deipcec{j=x�sM��~�j �:�"t x:v$decec{x � \#A a�x�f;ipfl|9�:ipf �Sceipf"x2def�~�x:v$|�x�� ~}|�f"`bf�� x�s2�S~�j/zp`4,�x�ce|_def
� n )� de|uw"x:~�x:v$sTdef"x�w;t�j?6�f�w�def"gC� `pv$v}x�|�� `bf�w"x�f
� x�|_t x:~%�x:x�f ceipfSw�sMiEv9��|@def
~}a"xTf"x� desMiEgpx9ipf�w
ceipf�w�sTiEv9��|�def ' \

� sTdef�desU��s f���sut x:v `���def�~�x:v$|�x�� ~}d{`bf�|¡t x:~ Yx:x�f-��d7,�x�ce|6� ��� defT~}a�x�|9�:ipf9�Sceipf�x�ipf�w-f"`bf"� x�s2��~�j
zp`�,�x�ce|�def � de| f"x:x�w"x�w � `pvCipf2i����:�"v�iE~�x¡v}x:gbde|�~�v$iE~}d{`bfT|�`bce�"~}d{`bf*\�[�x:gbde|�~�v$iE~}d{`bfT`���~}a"x�`pv$gbipf��Sa�ipf�~�`bs
desMiEgpx�|�de|1� x:v9��`pv�s2x�w;�a�x�f�gpv}x�iE~�x:v�~}aSipf � m��P`���~}a"x6�����@def�~�x:v$|}x�� ~�wSiE~}iNdef � \�A�x�Yx:v def�~�x:v$|�x�� ~}d{`bf�|
~}a�ipf � m�� ��v}`�w��
� x�|�i�v$x:gbde|�~�v$iE~}d{`bfX��v}`ptSc{x�s Nd{~}a(~�`�`<��x�PceipfSw�sMiEv9�1� `pv}v}x�|�� `bf�w�x�f
� x�|:\
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�£`p~�x�f�~}deipc � `pv}v}x�|�� `bf�w�x�f
� x�|�t x:~%�x:x�f2ceipf�w�sTiEv9��|�def�~}a�x � ��� desTiEgpx¡ipf�w�ceipf�w�sTiEv9��|£def ' iEv}x�� `b��f�w
t�j�|�x�iEv��$aSdef"g(ipf/x�ceced{�S|}`bdew�ipc£zp`bce��s2xudef ' iEv$`b��f�w�x�i���a;ceipf�w�sTiEv9�(def/~}a"xUdesMiEgpxp\ � a"xu|�x�iEv��$a � `pv
� `pv}v}x�|}� `bfSw"x�f
� x�|@sU��|�~Kt x2v$x�|�~�v$d�� ~�x�wZd5��~}a�x2v}x:gbde|�~�v$iE~}d{`bf de|�~�`/��v}` � x:x�wlv�iE�Sdew�c{jp\ � `�~}aSde|@x�f�w*n�i
K_DT7M5fD�( K�D4)  E9 de|���|�x�w_~�` w�x�|9� v$d{t xY~}a�x�x�,�� x�� ~�x�w��$a�ipf�gpx�defuv}x:gbde|}~�v$iE~}d{`bf�x:v}v}`pvD� v}`bs7`bf"x � ��� desMiEgpx
|}ced�� x�~�`K~}a"x¡f�x�,�~:\ � a"x�f�npgbd{zpx�f2i�v}x:gbde|�~�v$iE~}d{`bfMx:v}v}`pv�`�� `bf"x�desMiEgpxpnb~}a"x¡|}x�iEv��$a�� `pvB� `pv}v}x�|}� `bfSw"x�f
� x�|
def;~}a"xTf"x�,�~ �:ipflt x�gpv}x�iE~}c{j � `bf�|�~�v�ipdef"x�w*\ � |}desM�Sc{x 5:x:v}`E� zpx�c{` �:d{~�jZs2`p~}d{`bf
sM`�w�x�c�n �d{~}ali�|$sMipcec
��f
� x:v$~}ipdef�~�j def � `b|}d{~}d{`bf tSip|}x�w `bf x�,�� x�� ~�x�w sMi ,"desU��s s2`p~}d{`bf*n�de|���`b��fSw ~�` t x;|}� �=�:d{x�f�~-~�`
i���� `b��f�~�� `pv¡~}a"x�sM`p~}d{`bf���def�w���� x�w-x:v}v}`pv$|¡def�~}a"xK`pv}gbipf���a�ipf�~�`bs ~�x�|�~}|:\

� k



 � G + ('	<���������>��	��>������� � ��* +;(H!=� �������:�>���=� %,%

���v���45!���32��-"� ��k�,�5! ��'���������� )(��a���!�����k��1&1,��	/� ���V�	�T �
�24��"� ��!�
�5! ��H���������a �(��a�)�!�����k��1
1
��	/�

��.7��8K1
���-�!" 8e9���	���.0��/1�(�	 �� ���V��� ��1V���	�&��5!�&"� �(e8+1,���-�!"�(�	 �� ��./���

���7���45!���32��-"� ��k�,�5! ��H�����)���a )(�4	�v�)�����W����� ��'� �^(0���	�W�)5!�&"� �(K8K1
���-�!" 8e9���	���.0��/1�(�	 �� ���7���

A�d{gb�"v}x ��\ ��� ��x����"x�f�� xl`�� E�ipf�wSsMiEv9� �Nx:~�x�� ~}d{`bf�\ � sTiEgpx %�i '(de|�~}a"x `pv$d{gbdef�ipc�aSd{gba v}x�|�`bce��~}d{`bf%�3�o D ,
� 1 D 'TdesMiEgpx=`��@~}a"x=a���sTipf gbipcec�tSceipw�w�x:v�\G]N`p~}d�� x ~}a"x=|}� x�����cedef�g ~}a"v$`b�"gba"`b�"~9~}a"xXdesTiEgpxpn
|}a�ipw�`4���ced5�px2iEv}~}d5��i�� ~}|@ipsTwXf"`bf"����f�d5� `pv$s def�~�x�f�|}d{~�jX`��C~}a"xU`pv}gbipf t `b��f�w�iEv}jp\ �¢sMiEgpx % t('�de|KdesMiEgpx%�i '¡iE~ ~}a"x_v$x�w��
� x�w=v}x�|�`bce�"~}d{`bf�% opo�,,C C '�v}x�����d{v}x�w ��`pv ~}a"xuv}x�� `bf�|}~�v$�
� ~}d{`bf zp`bce��sMxp\ �¢sMiEgpx.% �/'¡w"x �
�Sd�� ~}|N~}a"x-k63 D oMx�w�gpx�ce|Nx�,�~�v$i�� ~�x�w � v}`bs desTiEgpx % t '}\ � sTiEgpx %�w$'�w"x:�Sd�� ~}|�~}a"x0�$a�ipdef�|�~}a�iE~�iEv}xUsMipw"x
� v}`bs ~}a"xKx�w"gpx�ce|Ndef0% �/'}\C]N`p~}d�� x_~}a�xKv}x�w��
� x�w(f���sut x:v�`��£x�w"gpx�ce| %K1pm>3 '�def�desTiEgpx %�w$' � ~}a"xKx�w�gpx�ce|
� `pv$sMdef"g(|}sTipcec�cedef"x�|@ipf�w �:d{v��:c{x�|�iEv}xMx�cedesMdef�iE~�x�w*\��¢sMiEgpx�| % x+'�ipf�w % � 'N|$a"`4 ~}a�xM|}ips2x�w"x:~�x�� ~}d{`bf
��v}` � x�w��"v$xuiE����ced{x�w;~�`(~}a"x�`pv}gbipf;��a�ipf�~�`bs/\ � |;�x�cec�ip|K~}a"x�`pv}gbipf;t `b��fSw�iEv}jpn ~}a"x2w"x:~�x�� ~�`pvuipce|�`
6�f�wS|_x�w�gpx�|��a�d���a w"`;f"`p~ � `pv}v}x�|�� `bf�wZ~�`lv$x�ipc��Sa�j�|}d��:ipc�|�~�v��
� ~}�"v}x�|:\ � a"x�|�x2�:ipf gpx�f�x:v$iE~�xC��ipce|�x
� `pv}v}x�|}� `bfSw"x�f
� x�|��aSd��$a�sU��|�~�t xK~�`bc{x:v$iE~�x�wXt�j9~}a"x@v$x:gbde|�~�v$iE~}d{`bf=ipc{gp`pv$d{~}a�s�\
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� a"x(|�x:~U`��/� `pv}v}x�|�� `bf�w�x�f
� x�|u��v}`�w��
� x�|Us2`pv}x�� `bf�|�~�v�ipdef�~}|M~}a�ipf iEv}x(v}x�����d{v}x�wZ~�`lw"x:~�x:v$sTdef"x )  \
A"`pvTx�,�ipsM�Sc{xpnCv}x:gbde|}~�v$iE~}d{`bf `���~}a"x(`pv}gbipf��Sa�ipf�~�`bs desMiEgpx�|��Sv}`�wS�
� x�|UiE����v}`4,�desTiE~�x�c{j k ��D D � `pv��
v}x�|�� `bf�w�x�f
� x�|:n�tS�"~M`bf�c{j � iEv}x=f�x:x�w"x�w�~�` w"x:~�x:v$sTdef"x )� \ � c{x�ip|�~(|9����iEv}x�|Tx�|�~}desTiE~}d{`bf `�� )�
de|udef�iE����v}`p�Sv$deiE~�x<� `pv�~}a�de|_��v}`pt�c{x�s�n�t x��:ip��|}xTsMipf�j `���~}a"x=�:ipfSw�dew�iE~�x�� `pv}v}x�|�� `bf�w"x�f�� x�|�iEv}xT`b�"~¢�
ced{x:v$|:\*� f�|}~�x�ipw*n"~}a"x�[ � ]K� � r v}x:gpv$x�|}|}d{`bf(~�x���a�f�d����"x ){k�1 * de|N��|�x�w-~�`Mw"x:~�x:v�sMdef"x )� ipfSw(v}x ?¢x�� ~¡~}a"x
x:v}v}`bf�x:`b��| � `pv}v}x�|}� `bfSw"x�f
� x�|:�

kE\�[Nipf�w"`bsTc{j_�Sd���� �K�Sipd{v$| `�� � `pv$v}x�|�� `bf�w�def"g@ceipfSw�sMiEv9��| � v}`bs ~}a"x�� ��cecS|�x:~ `�� � `pv}v}x�|�� `bf�w�x�f
� x�|:\

� \�[�x ? x�� ~£~}a"x�|�x.� `pv}v}x�|}� `bfSw"x�f
� x�|�d5�"~}a�x:j@iEv}x�f�`p~�� `bf�|}de|}~�x�f�~ �d{~}aui¡v$d{gbdew_t `�w"j�~�v$ipf�|9��`pv$sTiE~}d{`bf*\
��\�[�x ? x�� ~_~}a"x�|�x<� `pv$v}x�|�� `bf�w"x�f
� x�|Kd5��~}a"x2ceipfSw�sMiEv9��|Kdef 
 iEv}x2~�`�`��:c{`b|�x2~�`pgpx:~}a"x:vu`pv � `bcedef�x�iEv
% `p~}a�x:v9�de|�x@~}a�x��:ipc��:��ceiE~}d{`bf=`�� ) def�|�~�x:�B32de|�decec �%� `bf�wSd{~}d{`bf"x�w$'}\

3"\ r ipc��:��ceiE~�x�iTcedef"x�iEv i �Tf"x_~�v$ipf�| � `pv$sTiE~}d{`bf ) �a�d���a/tSv$def"gb|N~}a"x�~}a"v$x:x_ceipf�w�sTiEv9��|�def 
 def�~�`
�Sv}x��:de|�xlv}x:gbde|}~�v$iE~}d{`bf Nd{~}a ~}a"x � `pv}v}x�|}� `bfSw�def"g ceipf�w�sTiEv9��|(def ' \ � a�x;��v$��f�def�gZdef |}~�x:� �
x�fS|}�"v}x�|�~}aSiE~ ) v$x:��v}x�|�x�f�~}|¡i�v$d{gbdew�t `�w"jT~�v$ipf�| � `pv$sMiE~}d{`bf�\

m�\ � v$ipf�|9��`pv$s ipcec*~}a"x@v}x�sTipdef�def"g�ceipf�w�sTiEv9��|�def 
 t�j ) \

q�\ r `b��f�~_a"`4 sMipf�j=`���~}a"xM~�v$ipf�| � `pv$s2x�w
ceipf�w�sMiEv���|Kdef 
 v}x:gbde|�~�x:v0�d{~}a
~}a"x�d{v0� `b�Sf�~�x:v}��iEv}~}|
def ' \ � a�`b|�xXceipf�wSsMiEv9��|2~}a�iE~-w"` v}x:gbde|�~�x:v2� `bf�~�v�d{tS�"~�x=~�`Z~}a�x/U�D (JB� �(JBL>rBQB� P7�� `pv ) \ � a"x
v$x�sMipdef�def"g2ceipfSw�sMiEv9��|�iEv}x�w"x:x�sMx�w-`b�"~}ced{x:v$|:\

C�\�[�x:� x�iE~;��v}`bs kU��f�~}dec�i ) de|/��`b�Sf�w �d{~}a i1� `bfS|�x�f�|}��|K|}x:~ ceiEv$gpx:v@~}a�ipf i9��v}x�|�x:~ ~}a"v}x�|$a"`bcew*�
~}aSde| ) t x�� `bsMx�|�~}a"x@x�|�~}desTiE~�x@`��£~}a"x@`p��~}desTipc ~�v$ipf�| � `pv$sMiE~}d{`bf )  \

� a"x-~�x���a�f�d����"x�w"x�|9� v$d{t x�w iEt ` zpxXde|�|}� �=�:d{x�f�~}c{j v}`ptS��|�~u~�`l~�`bc{x:v$iE~�x=i |}d{gbf�d76 �:ipf�~2��v}`p� `pv}~}d{`bf `��
x:v}v}`bf�x:`b��| � `pv}v}x�|�� `bf�w"x�f�� x�|:\?��~Ude|U`'���:ip|$d{`bf�ipcec{j � `b|}|$d{tSc{x=� `pv�s2`pv}xT~}a�ipfZ`bf"x(|�`bce�"~}d{`bf ~�` x�,"de|�~:n
d�\ xp\en-Na"x�f;i(ceiEv}gpx � `bf�|�x�fS|}��|K|�x:~��:ipflt xU��v$`�w���� x�wXt�jXsM`pv}xU~}a�ipf `bf"x�~�v$ipfS| ��`pv�sMiE~}d{`bf ) \ � a�de|
|9� x�f�iEv�d{`/` ���:�"v$| �a"x�f;~}a"x:v$xTde|uw"x:gpx�f"x:v$i�� jldef ~}a"xT|$a�iE� x�`���~}a"xTdesTiEgpx�wl`pt@?¢x�� ~:\�A"`pvux�,�ipsM�Sc{xpn
� v}`b|}|���|�x�� ~}d{`bf�|_`���i(� x:v9� x�� ~ � j�cedef�w"x:v�iEv}xMx�ceced{�S|�x�| Na�d��$a �:ipflv}x:gbde|�~�x:v�Nd{~}a;~}a"x2`pv$d{gbdefSipcB� j�cedefSw"x:v
iE~2|�x:zpx:v$ipc�� `b|}d{~}d{`bfS|:\ �B,�� x:v$desMx�f�~}|_`bf ~}a"x(`pv}gbipf �SaSipf�~�`bs&|}a�`4 ipf ` ���:ip|}d{`bf�ipc�~�x�f�w�x�f
� j � `pv
~}a"x-v}x:gbde|�~�v�iE~}d{`bf ~�` ��`bcec{`� ~}a�de|�w"x:gpx�f"x:v$i�� jp\ � a"x9~�x�f�w"x�f
� j
de|uv}x�wS�
� x�w*n a"`�Yx:zpx:v�nYt�j ~}a"x-f"`bf��
|�j�sMsMx:~�v$d��:ipc�|}a�iE� x_`���~}a"x_��a�ipf�~�`bs ipf�wX~}a"x_sM`p~}d{`bfXsM`�w�x�c-� `bf�|�~�v�ipdef�~}|:\ � a�de|�|9� x�f�iEv$d{`-de|Nx:zpx�f
c{x�|}|Nced5�px�c{j(~�`2`'���:��v ��`pv�v}x:gbde|�~�v$iE~}d{`bfX`��£sM`pv}x � `bs2��ced��:iE~�x�w�`pt@?¢x�� ~}|�def#5 (
#Wsg58s D2x�,�ipsTdef�iE~}d{`bf�|:\

)  de|U��|�x�w ~�`=~�v$ipf�| � `pv$s ~}a"x9f�x� desTiEgpx 
 def�~�`=~}a�x1� `�`pv$w�def�iE~�x�|u`�� � \ � a�xM�Sd7,�x�ce|u`��¡~}a"x
v}x:gbde|�~�x:v$x�w(desMiEgpx;�:ipf(f"`4 t x ipw�w"x�w9~�` � \HA a�x:v}x ~}a"x v}x:gbde|�~�x:v}x�w(|9�:ipf-��ceipf"xKdef�~�x:v$|}x�� ~}|¡ipc{v}x�ipw"j��
6�cec{x�w=zp`�,�x�ce|:n �x�d{gba�~�x�w;i�zpx:v$iEgbdef"gXde|��S|�x�w/~�`2� `bsM� `b�Sf�w�~}a"xUf"x� desMiEgpx0�d{~}a=~}a"xux�,�de|}~}def"g(w�iE~}i
%�|�x:x�ipc{gp`pv�d{~}a�s |}~�x:� � \ �2defX��x�� ~}d{`bf ��\ � '}\
�\��� �.����� �w,��

� a�xNv}x:gbde|}~�v$iE~}d{`bf/ipc{gp`pv$d{~}aSs j�d{x�cewS|�iusM`pv}x/� `bf�|}de|�~�x�f�~�v}x�� `bf�|�~�v��
� ~}d{`bf-`��1i � ��� w�iE~}iU|�x:~.� v}`bs
sU��c{~}d{�Sc{x � ��� desMiEgpx�|}ced�� x�|�~}aSipf_v$x�� `bf�|�~�v$�
� ~}d{`bfS|�tSip|�x�wu`bfU� `b|}d{~}d{`bf�|�x�f�|}`pv�wSiE~}iKipc{`bf"xp\ A£d{gb��v}x���\43
|}a"`��|�~}a�iE~ ~}a"x�ipc{gp`pv$d{~}a�s �:ipf � `bsM� x�fS|}iE~�x � `pvKw�d7+ x:v}x�f�~ ~�j�� x�|�`��Cs2`p~}d{`bf x:v$v}`pv$|�ipf�w=~�v$i��9�=~}a"x
s2`p~}d{`bf-i����:�"v�iE~�x�c{jp\3A�d{gb�"v}x ��\ mu|}a"`��|�~}a"xNv$x�� `bf�|�~�v$�
� ~}d{`bf�n�~�587 $Tv$x:gbde|�~�v$iE~}d{`bf*n�`���~}a"xN`pv$gbipf-�Sa�ipf��
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Technical report

In-vivo examinations

Error modelling

Investigation into compounding

Technical report

Reliable landmark detection

Landmark registration method

Thesis

preparation

January 1997

September 1998

January 1998

June 1996

(time-permitting)
Clinical testing

A�d{gb�"v}x 3"\ kE� � desMx:~}iEtSc{x;��`pv�~}a"x�|}de|¡v$x�|�x�iEv��$a�\
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