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Slice through voxel array

B-scans

Empy voxel

SIngle intersection

Multiple intersections
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B-scan

Pixel centre

Interpolation kernel

(b) Slice through voxel array
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(a) Ultrasound beam

centre line of beam
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[�jufq\egq\ejuK�fq@�K7fq\^KF>(L7@�dZ\^�{@G<AK7L$O(\^>u�rg+<A]^:q@�<ALFh2o�@ k <A\^:=]eh�ju] L�5 v �F@ gx@�O�[�jA:=<A]&��<A] \eo7:=<?gq\ejuK$[7:qjR�{@�L7wF:q@
\^K�dAju]edA@�f�@�fqgq\^O(<?gq\^KF>'gq�F@+L7\`��@�:q@�K7�{@+oI@�g �}@�@�K�gq�F@ \ O(<?>A@+<AK7L�[Ijuf=\egq\ejuK�]^<?gx@�K7��\^@�f�5 v �7\^fmL7\��I@�:q@�K0�{@+\^f
gq�F@�K <AL7LF@�L�gxj2gq�F@G[Ijuf=\egq\ejuK!fq@�K7fxjA:Jgq\^O�@¦Åifxgq<AO�[Df�B�fxj	gq�0<?gJgq�7@G\^O�<?>A@G<AK7L�[�jufq\egq\ejuK!gq\^O�@¦Åifxgq<AO([0f
��<AK$o�@�O�@�<AK7\ KF>Ak w0]^]eh��{juO�[D<?:q@�L�5

v �7@�gx@�O�[�jA:=<A]m��<A]^\eo7:�<?gq\ejuK \^f,[�@�:qk jA:=O�@�L oZhQ<?[7[D]ehZ\ KF>�<!fxgx@�[ \^KF[DwFg�fq\^OGw7]egq<AKF@�juw7f=]eh$gxj$o�jAgq�
gq�F@T\^O�<?>A@T<AK7L�[�jufq\egq\ejuK fxgx:=@�<AO(f�5®è K [0:=<A�{gq\^�{@ABrgq�0\^f`\^fm<A�=�7\^@�dA@�L(oZhG�Fju] L7\^KF>Jgq�F@n[7:qjAo�@nfxgq\^] ]Z<?>u<A\ K7fxg
gq�F@+fq�Z\^K�<AK7L�gq�F@�K	fqw7L7LF@�K0]eh*�x@�:q�Z\ KF> \eg;< �%< hABZ[0:qjZL0w7��\^KF>�fxgx@�[��=�7<AKF>A@�f%\^K o�jAgq�(gq�7@+\^O(<?>A@+�{juK�gx@�K�g
<AK7L [�jufq\egq\^juK!:q@�<AL0\^KF>uf�5 C K�h�L0\^fq�{:q@�[0<AK0�{h!\^K gq�F@ gq\^O(\ KF>ufJjAk}gq�F@�jAoDfx@�:qdA@�L L7\^fqgqwF:qo0<AK7�{@�f,��<AK o�@
w7fx@�L$gxj�<AL@�qw7fxgSgq�F@ j���fx@�g+<AL7L7@�L�gxj(gq�F@ [�jufq\^gq\ejuK2fx@�K7fxjA:Tgq\ O�@¦Åifxgq<AO�[0f�5

v �7@ O�jAgq\ejuK	jAk�gq�F@ [7:qjAo�@+\^f}O�juK7\egxjA:q@�L	oZh(]ej�jA�R\^KF> <?g%gq�F@,<AO�juw7K�g}\eg%�7<Af}gx:=<AK7fq]^<?gx@�L�o�@�gi�%@�@�K
fqw7���{@�f=fq\edA@�[�jufq\egq\ejuK :q@�<AL7\ KF>uf�Æ gq�F@�jA:=\e@�K�gq<?gq\ejuK <AKF>u]e@�f�<?:=@$\e>uKFjA:q@�LIÇq5 v �F@���<A]^\eo0:=<?gq\ejuK fxjAk g �%<?:=@
<Afx�Rf�gq�F@Jw7fx@�:}gxj��Fju]^L(gq�F@T[7:qjAo�@Tfxgx@�<AL7h�k jA:%< [�@�:=\ejRL jAk zZ5 á fx@��{juK0L7f�Br� �F@�:q@�xfxgx@�<AL7h��GO�@�<AK7f;gq�7<?g
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Þm\e>uwF:q@²áZ~ � Ë Ó Ë �jÓ Ö¬ÎµØ&Ô Ð Ï¶Ï¶Ë?Î � ÌxÍ½ÎxØ½Ë?Ô�Ö¬Î Ó ÌxË*Ö¬×	Í�Ø½ËD5 v �F@TL7\`��@�:q@�K7�{@TO(@�<AfqwF:q@������ \^fm:=jAo0w7fxg
gxj�fx[�@��=�Z]e@ K7ju\^fx@AB�ÈZw7\^�q��gxj��{juO�[DwFgx@'<AK7L$fq@�K7fq\egq\edA@,gxj����7<AKF>A@�fJ\^K�<A]^]�[0<?:=gqfnjAk3gq�7@'\^O(<?>A@AB0<Af+]ejuKF>
<AfTgq�7@ \^O(<?>A@'�{juK�gq<A\^K7fTfqjuO�@'fxjA:qg+jAkt]^<?:=>A@'fq��<A]e@ fxgx:�w7�{gqwF:q@A5

gq�F@G[7:qjAo�@�f=�Fjuw7]^L�KFjAgJO(j dA@ o�h�O�jA:q@Ggq�7<AK _�O(O o�@�g �}@�@�K fqw0���{@�fqfq\edA@G[�jufq\egq\ejuK!:q@�<AL7\^KF>uf�5+6 �F@�K
gq�F@2w7fx@�:G�7<Af�fqgx@�<AL7\e@�L gq�F@	[0:qjAo�@(k jA: gq�F@	:q@�ÈZw7\e:q@�L gq\^O�@AB`gq�F@	fqhZfxgx@�O [7:�\^O�@�f'\^gqfx@�]ek Bt<Afx�R\^KF>�gq�F@
w7fx@�:�gxj � @�:q�Qgq�F@�[7:=jAoI@�fqw0L7LF@�K7]ehA5 v �F@(f=wFo0fx@�ÈZwF@�K�g,O(jAgq\ejuKV\^f�<A���{@�[7gx@�L \ek;gq�7@([7:qjAo�@�O�j dA@�f'o�h
O�jA:q@�gq�7<AKYá?��O \^KV_<âjâAO�f�5 v �F@'fqhZfxgx@�O :q@��{jA:=L0fTgq�F@�gq\^O�@ jAkmgq�F@Gfxgx@�[&BD�+�7\^���$\^f+L7@�@�O�@�L$gxj	gq<?�A@
[0]^<A�{@ O�\^LFÅ��S<�h�oI@�g �}@�@�K!gq�F@ g �}j	[Ijuf=\egq\ejuK�:q@�<AL7\^K7>ufn�+�7\^���6ç0:=fxgnL7\��I@�:q@�L2oZh�O�jA:q@�gq�7<AK _�O(O�5

6 �7\^]e@2gq�7\ f(\^f��7<?[7[�@�K7\ KF>FB�gq�F@!fqhZfxgx@�O \^f(<A]^fxj @¦àF<AO(\^K0\^KF> gq�F@!\^K0�{juO(\^KF> \^O(<?>A@$fqgx:q@�<AO�5 è g
�{juO�[0<?:=@�f	fqw0���{@�fqfq\edA@!\ O(<?>A@�f	<AK0L :q@��{jA:=L7f	< O�@�<Af=wF:q@$jAk,gq�F@�\e:�L7\`��@�:q@�K7�{@$\^K < ��\e:=��w0]^<?:(o0w ��@�:�5
v �F@(L0\`�I@�:=@�K7�{@�O�@�<Afqw7:q@(O�w0fxg o�@�:qjAo0w7fqg�gxj�fx[�@��q�R]e@(KFju\ fx@ABxÈZw7\^�=��gxjQ�{juO�[0wFgx@�<AK0LVfx@�K7fq\^gq\edA@�gxj
�=�0<AKF>A@�f�\ K <A]^]m[D<?:qgqf jAkngq�F@	\^O(<?>A@A5 v j�gq�7\^f�@�K0L�BmyRgx:=<ALFàVfqw7O(f gq�F@�[0\�àZ@�]m\^K�gx@�K7fq\^gq\e@�f <A]ejuKF>�gx@�K
@�dA@�K7]eh$fq[0<A�{@�L!:=j �+fJ<AK7LQ�{ju]^w7O(K7f+fx[0<AK7K7\ KF>(gq�F@G\^O(<?>A@A5 v �7@�fx@�fqw0O(f+<?:q@GfqwFo7gx:�<A�{gx@�L!k :qjuO gq�F@�\e:
d?<A]^wF@�f+\ K$gq�F@G[7:q@�dR\ejuw7fnk :=<AO�@AB�<AK7L�gq�F@�<?oDfxju]^wFgx@�d�<A]^w7@�f+<?:q@ <A����w7OGw7]^<?gx@�LQgxj�>u\edA@Ggq�F@GL7\`��@�:q@�K7�{@
O�@�<Afqw7:q@������ Ý)fq@�@²Þm\e>uwF:q@WáZ5}yRw7L7LF@�K����7<AKF>A@�f%\^K�gq�F@J\^O(<?>A@T[0:qjZL0w7�{@Tfq\e>uK7\�çD��<AKrgU�xw7O([0fm\^K������,5

v �7@%gq\ O�@njAkDgq�7@Sfqgx@�[�\^f`@�fxgq\^O�<?gx@�L�k :=juO�gq�F@T\^O(<?>A@Tfxgx:=@�<AO <Afmk ju]^]ej � f�5xè O(O�@�L0\^<?gx@�]eh k ju]^]ej��+\^KF>
gq�F@ � @�:q�IBtgq�F@	fxhRfxgx@�OW]ej�jA�Rf'\ K gq�F@	��\^:=��w7]^<?: oDw �I@�:�jAknL7\`��@�:q@�K7�{@�O�@�<Af=wF:q@�fG<AK7LV[0\ �q�Rf juwFg gq�7jufx@
�+�7\ �=���%@�:q@T:q@��{jA:�LF@�L(�+�0\^]e@Sgq�F@T[7:=jAoI@n�S<Af�o�@�\^K7>,�7@�]^L(fxgx@�<ALFhA5±Þ0:qjuO gq�7@�fx@ABrgq�F@ fxhZfqgx@�O KFjAgx@�f}gq�F@
O(<$àF\^OGw7O fqgx@�<ALFh�Åifqgq<?gx@ d�<A] wF@+jAk������ 5}lS<?:=@JOGw7fxgSo�@+gq<?�A@�K$<?gSgq�7\ f}fxgq<?>A@AB7f=\^K7�{@Jgq�F@J\ O(<?>A@,gq\^O�@¦Å
fxgq<AO�[Df(��<AK7KFjAg	oI@�:=@�]^\^<?o0]eh �{juO�[0<?:q@�L � \egq� gq�F@$[�jufq\^gq\ejuK gq\^O�@¦Åifxgq<AO�[Df�~$gq�F@�:q@�\^f(<AK w7K7�ZKFj��+K
]^<?gx@�K7�{h �+�7\^��� �%@Q<?:q@ ��wF:q:=@�Krgq]eh gx:=hZ\^K7>Vgxj @�fxgq\^O(<?gx@A5 yZj � �F@�K L7@���\^L7\^KF> � �7\^�=� \^O(<?>A@�f	�%@�:q@
<A�<ÈZw7\e:q@�L��+\egq�Q<2fxgx@�<ALFh$[7:=jAoI@AB�gq�F@ fxhRfxgx@�O <A]^]ej��+fJk jA:�fxjuO�@ [7:=@�LF@�gx@�:=O(\^K7@�L!O(<$àF\^OGw7O ] <?gx@�K7�{hAB
�+�7\ �=�$yZgx:=<ALFà�>A@�KF@�:qjuw7f=]eh	�{juK7f=\^LF@�:=fSgxj�o�@«âR5 á?f�5;C k gx@�:+gq�F@ ��<A]^\eo7:�<?gq\ejuK�[7:qjR�{@�fqfn\^fS[7:=\ O�@�LYÆ <?>u<A\ K�B
<A]^]ej��+\^KF>�k jA:SwF[�gxjKâR5 á?f%] <?gx@�K7�{h½ÇqBZgq�F@JfxhZfqgx@�O ]ejZjA�Rf�k jA:;gq�F@²ç0:=fxg	�
� � gq�0<?g}@¦àF�{@�@�L7f}gq�F@ O(<$àF\^OGw7O
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fxgx@�<ALFhUÅifxgq<?gx@ d�<A]^w7@%oZh2_<â���5 v �F@Tfxgx@�[�\ ftL7@�@�O�@�L�gxj gq<?�A@T[D]^<A�{@TO(\^LFÅ��S<�h�o�@�gi�%@�@�K(gq�F@ng �}j'\ O(<?>A@�f
gq�7<?gT[0:qjZL0w7�{@�L2gq�7\^fn\^K0�{:q@�<Afx@�L �����J5

v �7@$�{juK7fxgq<AK�g(j���fq@�g�<AL7LF@�L gxjVgq�7@�[Ijuf=\egq\ejuK fx@�K7fxjA:�gq\^O�@¦Åifxgq<AO�[Df(��<AK KFj�� o�@$<AL@�xw0fxgx@�L o�h
]ejZjA�Z\ KF>Q<?g gq�F@�LF@�] <�h fq@�[0<?:=<?gq\^KF>Qgq�F@�\^O(<?>A@�<AK7L [�jufq\egq\^juK L7\ fxgqwF:qo0<AK0�{@�f�5 7 jAgx@ABS�Fj �%@�dA@�:�B}gq�7<?g
\ek+\ O(<?>A@�f <?:q@�<A�<È�w7\^:q@�L @�dA@�:qh��'fq@��{juK7L7f�B;<AK0L [�jufq\^gq\ejuK7f�@�dA@�:qh�� fx@��{juK7L0f�B�gq�F@�K gq�F@2j���fx@�g(��<AK
o�@ @�fxgq\^O(<?gx@�L juK7]^h!gxj$<AK <A����wF:=<A�{hQjAk ��Æ����	�AÇ�
?z2fx@��{juK7L7f�5\Þ7jA:'gq�7\^fJ:q@�<AfxjuK�B3\eg�\^f,<ALFdZ\ fq<?o0]e@Ggxj
[�@�:qk jA:=O1fx@�dA@�:=<A]+gx@�O�[�jA:=<A]T��<A]^\eo0:=<?gq\ejuK7f gxjV@�fqgq<?o0]^\^fq� gq�7@$:=<AKF>A@$jAkJ:q@�fqw0]egqf�B}<AK0L gq�F@�K <A���{@�[0g	<
d?<A]^wF@�gq�7<?g+] \e@�fn<?gTgq�F@'�{@�K�gx:q@ jAk`gq�7\ fS:=<AKF>A@A5

v �7@ fx@��{juK7L���<A]^\eo0:=<?gq\ejuK�[7:=jZ�{@�fqf%\^f}<�fx[D<?gq\^<A]7juKF@A5 v �F@+[�jufq\egq\^juK(fx@�K7fxjA:%\^K7L7\ ��<?gx@�f;gq�F@ [�jufq\egq\ejuK
jAk+gq�7@�fqO�<A]^];:=@��{@�\edA@�:�B;O�juw0Krgx@�L juK gq�F@2[7:qjAo�@AB`�+\egq� :q@�fx[�@��{gGgxj gq�F@Qç½àZ@�L gx:=<AK7f=O(\egxgx@�:�5 6 �7<?g
�%@�:q@�<A] ]eh��%<AK�g,gxj	�RKFj���\ f+gq�F@G[�jufq\egq\ejuK!jAk�@�<A�=� N�Åifq��<AKQ[0\�àZ@�] �+\egq��:q@�fx[�@��{g gxj�gq�F@Ggx:=<AK7fqO�\egxgx@�:�5
v �F@S��<A]^\eo0:=<?gq\ejuK�[7:qjR�{@�fqf`\^KrdAju]^dA@�ftL7@�L7w7��\^KF> gq�F@nfq\�à'LF@�>A:=@�@¦Å�jAk^Å�k :q@�@�LFjuO :�\e>u\^L�oIjRLFh�gx:=<AK0fxk jA:�O(<?gq\ejuK
o�@�gi�%@�@�KQgq�F@�[�jufq\^gq\ejuK$fx@�K7fqjA: :q@��{@�\^dA@�:,<AK0L!gq�F@G�{jA:=KF@�:JjAk�gq�F@GNSÅif=��<AK [0]^<AKF@ABI<AK7L!<A]^fqj	gq�F@� <AK7L
� L0\^O�@�K7fq\^juK7f+jAk%gq�F@ [0\�àR@�]^f�Æ \^K O(O	��[D\�àZ@�]�Çq5 v �7\ f \^f�<2k <A\e:=]^h$�{juO�[0]e@¦à [7:qjR�{@�fqf,�+�7\ �=� \^f,w7fqw7<A] ]eh
[�@�:qk jA:=O�@�L oZhQfq��<AK0K7\^KF>$<AK7LV:q@��{juK7fxgx:=w0�{gq\^KF>$fxjuO�@��ZKFj��+K jAo �x@��{g�B3<AK0L gq�F@�KVw7f=\^KF>2gq�F@�L7\ fq�{:q@�[°Å
<AK7�{hVo�@�g �}@�@�K gq�F@�:q@��{juK7fqgx:=w7�{gx@�L fq�7<?[�@	<AK0L gq�7@	�RKFj � K fq�0<?[I@�gxjQ:q@¦Å�@�fxgq\^O(<?gx@2gq�F@���<A]^\^o7:=<?gq\ejuK
[0<?:=<AO(@�gx@�:=fKÙ _?BIÜZBLåZBDbFB _"å4Û�5TyZgx:=<ALFà$w7fx@�f+<�KFj�dA@�] BDfxgq<?gx@¦Å�jAk:Å�gq�F@¦Åi<?:qg�fx[D<?gq\^<A] ��<A]^\^o7:=<?gq\ejuK2gx@����7K7\�ÈZwF@
�+�7\ �=�2�%@'LF@�fq�{:=\^oI@�\^K2k w7]^]I@�]^fq@��+�F@�:q@QÙ _�zRB&_�Ü�Û�5
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yZgx:=<AL°à [7:qj�dZ\ LF@�f gi�%jVdR\^fqw7<A]^\ fq<?gq\ejuK gxj�ju] f�B;o�jAgq� jAkJ�+�7\^��� <?:q@$<�d?<A\^]^<?o0]^@2\ O(O�@�L7\^<?gx@�]^h <?k gx@�:	gq�F@
L7<?gq<	�7<Af+o�@�@�K�<A�<È�w7\^:q@�L�B7�+\^gq�FjuwFg+�7< dZ\ KF>(gxj��S<A\eg k jA:,<(dAj"àZ@�]t<?:q:=< h�gxj	o�@'�{juK7fqgx:=w7�{gx@�L�5�è K$k <A�{g�B
o�jAgq�(dR\^fqw7<A] \^fq<?gq\ejuK gxjZju]^f;��<AK	o�@+w7fx@�L�@�dA@�K	<?g%gq�F@Jfq<AO�@+gq\ O�@+<Af}gq�F@ L7<?gq<�\^f�o�@�\^K7> <A�<È�w7\^:q@�L�5 v �F@
ç0:=fqg�gxj�ju] B3<AKrhUÅ�[0]^<AKF@	fq]^\^��\^K7>FB�L0\^fx[0]^< hZf,gq�7@(w7]egx:=<Afxjuw0K7L L7<?gq<�juKV<AK�h [0]^<AKF@�fx@�]^@��{gx@�LVoZh�gq�F@	w7fx@�:
gq�F:qjuw7>u� gq�F@*Ü�p L7<?gq<!fx@�g�5 v �7@(fx@��{juK7LVgxjZju] B3[0<AKFjA:=<AO(\ ��\^O(<?>u\^KF>FB3<A]^]ej � f O(<AK�h N�Åifq��<AK0f gxj!o�@
fxgq\egq���F@�L�gxjA>A@�gq�F@�:Jgxj(k jA:=O <(fq@�<AO(]e@�fqf�BF� \^LF@¦Åi<AKF>u]e@ �{juO([Ijuf=\egx@A5
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CJKrhUÅ�[0]^<AKF@%fq]^\^��\ KF>TjAkF:q@�>uw7] <?:3dAj"àZ@�]F<?:q:�<�hRft\ f fxgx:=<A\^>u�rgxk jA:q�S<?:=L <AK7L'k <Afxg�5 v �F@%fq]^\^�{@}[0]^<AKF@%\^f fx@�]^@��{gx@�L
\^K�gx@�:=<A�{gq\edA@�]ehAB7<AK0L2gq�F@�K�gq�F@,dAj�àR@�]^f+�+�7\^����fqgx:=<AL7L7]e@,gq�F@�fq] \^�{@,[0]^<AKF@�<?:q@�:=<?[D\^L7]eh�[0\ �q�A@�L2juwFgnjAktgq�F@
<?:q:=< h2Æ w7fq\^KF> \ Krgx@�>A@�:%<?:=\egq�7O�@�gq\ �$Ç <AK7L(fx@�K�g�gxj'gq�7@+L7\^fx[D]^<�hA5`C K�hUÅ�[0]^<AKF@Tfq] \^��\^KF>JjAk�fq��<?gxgx@�:q@�L�NSÅif=��<AK
L7<?gq<V\ f(KFjAg(fxj fqgx:=<A\e>u��gxk jA:q�S<?:=L�5 C K7<A\^dA@�:q@�fq]^\^��\ KF>Q<A]^>AjA:=\egq�7O/O�\e>u�rg�@¦àRgx:=<A�{g�\^Krgx@�K0fq\egih d?<A]^wF@�f
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��� � ����� � ABI[0:qj dR\^L7\^K7>(<�[�j �%@�:qk w7]&\^K�gx@�:=<A�{gq\edA@GgxjZju] k jA: gq�7@���]^\^K0\^��\^<AK�5 v �7\ fT\^fT[�jufqf=\eo0]e@�o�@���<Aw7fx@�gq�F@
\^K�gx@�:q[�ju]^<?gq\ejuK�fxgx:�<?gx@�>Ah�:=@�È�w7\^:q@�fn\^KFk jA:=O(<?gq\ejuK2k :qjuO juK0]eh�juKF@�NSÅif=��<AK!<?g+<�gq\ O�@AB7\^K$<AK�h	jA:�LF@�:�5

�J:=gq�FjA>AjuK7<A]�fq]^\ �{@�f}:=@�K7LF@�:q@�L�w7f=\^KF>Ggq�F@'HJjuwF:=<Aw7L�f=�=�F@�O�@ <?:=@ fq�Fj � K�\ K*Þm\e>uw7:q@�fTaFÆ LIÇ��´Æ k¦Çq5SÞ0jA:
�{juO�[0<?:�\^fxjuK�B®Þm\e>uwF:q@�f aFÆ <?Ç��´Æ �$Ç�fq�7j � fq\^O(\^] <?:'fq]^\^�{@�f�gq�F:qjuw7>u� <�:q@�>uw7]^<?:GdAj�àR@�]S<?:q:=< h �{juK7fxgx:�w7�{gx@�L
k :qjuO gq�F@ fq<AO�@VL7<?gq<R5 v �F@ dAj�àR@�]^f2�}@�:=@ ��w7o0\^�?B+� \egq� gq�7@ f=<AO�@VL7\^O�@�K0fq\ejuK <Af�< [0\�àZ@�]J\^K gq�F@
jA:=\e>u\ K7<A]`NSÅif=��<AK7f�5�H,<?[0f�\^K gq�7@GdAj"àZ@�]}<?:q:=< h��%@�:q@�çD]^]^@�L�oZh�< dA@�:=<?>u\^KF>�\^Krgx@�K0fq\egq\e@�f,\^K <éá�� á���á
]ejR��<A]�KF@�\e>u��o�juwF:=�FjZjZL&5 s;dA@�K2� \egq��gq�7\^fnfq\^O([0]e@ \ Krgx@�:q[�ju]^<?gq\^juK	fq���F@�O�@AB7gq�7@JdAj"àZ@�]3<?:q:=< h�gxjZjA��< k @��
O(\^KZwFgx@�f�gxjV�{juK7fxgx:=w0�{gGjuK <Q[�j �%@�:qk w7];�%jA:q�Rfxgq<?gq\ejuK�5 ln]ejufx@2\^K7fx[�@��{gq\ejuK jAk+gq�F@2gi�%j fx@�gqf jAk f=]^\^�{@�f
fq�Fj��+f gq�7<?g+gq�F@�>A:q@�h!fq��<A]^@'gx@¦àRgqwF:q@ \^fTo�@�gxgx@�:J[7:q@�fx@�:qdA@�L!o�h�gq�7@'dAj�àR@�]�Åi]e@�f=fJf=�=�F@�O�@AB�fq\^K0�{@'gq�F@�:q@G\^f
� !	<�dA@�:=<?>u\ KF>(jAk`gq�F@ :=< � \^K�gx@�K7fq\eg h�L0<?gq<R5

��� � ���'!#1�� �'%&� �����5� � �*41�� ! -

v �F@®çD@�]^L,jAk�dR\e@��VjAkFfxgq<AK0L7<?:=L�N�Åifq��<AK7f3\^f�dA@�:qh,]^\^O(\^gx@�L�53yZgx:=<ALFà,j���@�:=f <n[D<AKFjA:=<AO(\^�`\^O�<?>u\^KF>nk <A��\^]^\eg h
�+�7\ �=�Q@¦àZgx@�K0L7f,gq�7\^f�ç0@�]^L�jAk;dR\e@�� oZh�<AK�h�<AO�juw0Krg�B <A] ]ej �+\ KF>	]ejuK7>2fqgx:=w7�{gqwF:q@�fJgxj�o�@�L7\^fx[D]^<�hA@�LQ\^K
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probe m
otion

strip from centre
of B-scan

construct panorama

Þm\e>uwF:q@ _<âR~��WÍ½ÎxÕ½Ê$Í½×	Ö �PÐ¶Ò:Ó Ê4Í½Ô�Õ Ð ÎµÏ � v �F@n[7:qjAo�@n\^fmO�j�dA@�L�:=juwF>u�7]ehG\^K gq�F@n[0]^<AK7@%jAk�gq�F@TN�Åifq��<AK0f
j dA@�:�gq�7@�:q@�>u\^juK!jAk;\ Krgx@�:q@�fqg�5 v �7\ K$fxgx:=\e[DfTk :qjuO gq�7@G�{@�K�gx:q@ jAk�gq�F@GNSÅif=��<AK7f�<?:q@�w0fx@�L!gxj��{juK7fqgx:=w7�{g
<�[0<AK7jA:=<AO(\^�,\^O(<?>A@�\^K2:q@�<A]�Å�gq\^O(@A5

<�f=\^KF>u]e@'\ O(<?>A@A5n4 < � L7<?gq<�k jA:,<([D<AKFjA:=<AO(\^�'\^O(<?>A@�\ f+<A�<ÈZw7\e:q@�L�oZh�gx:=<AK7f=]^<?gq\^KF>(gq�7@'[7:qjAo�@ \^K!gq�F@
[0]^<AK7@�jAk%gq�F@�N�Åifq��<AK7fWÝ fx@�@©Þm\e>uw7:q@�_<âR5 v �F@�<A�<ÈZw7\e:q@�L N�Åifq��<AK7f'<?:q@ gq�F@�K <A����wF:=<?gx@�]ehQ:q@�>u\^fqgx@�:q@�L
<AK7L�fxgq\egq�=�7@�L!gxjA>A@�gq�F@�:,gxj	[7:qjRL7w7�{@'<	fx@�<AO(]e@�fqf �{juO�[�jufq\egx@A5 v �0\^fT��<AK$o�@ [�@�:qk jA:=O�@�L�\^K�:q@�<A]�Å�gq\^O�@AB
fxj2gq�F@���]^\^K0\^��\^<AKQfx@�@�f,gq�F@ [0<AKFjA:=<AO�<	o�@�\^K7>��{juK7fqgx:=w7�{gx@�L <Af�gq�F@ [7:=jAoI@ \^f,O�j�dA@�L j dA@�: gq�7@G:=@�>u\ejuK
jAkm\^K�gx@�:q@�fxg�5

4 @��{@�Krg'\ Krgx@�:q@�fqg,\ K!gq�7\ f g h�[�@ jAkS\^O(<?>u\^KF>2�7<AfJo�@�@�K gx:=\e>A>A@�:q@�L oZh$gq�F@�:=@�]e@�<Afx@ jAk;gq�F@�yR\^@�O�@�K7f
yZjuKFju] \^KF@2s}]e@�>A:�<Vw7]egx:=<Afqjuw7K7L O(<A�=�0\^KF@AB%�+�7\^��� j��I@�:�f�< [0<AK7jA:=<AO(\^��\^O�<?>u\^KF> k <A��\^]^\eg h ��<A]^]^@�L �=yR\�Å
@�yR��<?[�@ �R5 v �F@GyR\^@�O�@�K7fnO(<A���7\^KF@'<A���7\e@�dA@�fJ<A����wF:=<?gx@G:q@�>u\^fxgx:�<?gq\ejuK�oZh2�{jA:=:q@�]^<?gq\^KF>	�{juK7fx@���wFgq\edA@G\^O�Å
<?>A@�f,\^K$:=@�<A]�Å�gq\^O�@A5 v �7\^fn:=@�È�w7\^:q@�f+fx[�@���\^<A]�Å�[0wF:q[�jufx@AB0L7@�L7\^��<?gx@�LQ�7<?:=LF�S<?:q@'gq�0<?gJ�{juK�gx:=\eo0w7gx@�f+gxj�gq�F@
�7\e>u� �{jufxg	jAk,gq�F@QO(<A�=�0\^KF@A5 6 @Q<A���7\e@�dA@ < fq\^O�\^]^<?: :q@�fqw7]^g�w7fq\^K7>V\^KFk jA:=O(<?gq\ejuK [7:=j dR\^LF@�L oZh gq�F@
[�jufq\egq\ejuK�fx@�K7fq\ KF>	LF@�dR\^�{@A5 l%juK7fq\ LF@�: N�Åifq��<AK7f�� <AK7L�� � _?5�yR\ K7�{@'�%@ �ZKFj���gq�F@�Ü�p�[�jufq\egq\ejuK�<AK7L
jA:=\e@�K�gq<?gq\ejuK�jAk�o�jAgq��f=��<AK7f�B�\eg \^f fxgx:=<A\e>u��gxk jA:q�%<?:�L�gxj2��<A]^��w7] <?gx@�gq�F@�:=\e>u\^L!o�jZLFh2gx:=<AK0fxk jA:�O(<?gq\ejuK �
o�@�gi�%@�@�KQgq�F@G]^jZ��<A]`�{jZjA:=L7\^K7<?gx@GfxhRfxgx@�O(fJjAk�gq�F@Ggi�%j�\^O(<?>A@�f�5J6 @���<AK gq�F@�K�O�<?[Q[D\�àZ@�] f+\^K�NSÅif=��<AK
� � _�\^K�gxj�N�Åifq��<AK��®i�fT�{j�jA:�L7\^K7<?gx@ fxhRfxgx@�O�BD<AK7L$L7\^fq[0]^<�h�oIjAgq�!\^O(<?>A@�fnjuK!gq�F@ fq<AO�@'<$àR@�f�5

v �7@�:q@'\^fnjuK7@'fq]^\e>u��gT�{juO�[0] \^��<?gq\ejuK�5}cJK7]^@�fqfngq�F@ [0:qjAo�@ \^fTO�j�dA@�L![�@�:qk @��{gq]eh2\^K2gq�F@'[D]^<AKF@�jAk`gq�F@
N�Åifq��<AK7f�B � �+\^] ]�\^KrdAju]^dA@�KFjAg juK7]eh$<(� \egq�7\^KFÅ�[D]^<AKF@,gx:=<AK7fq] <?gq\ejuK!<AK7L!:qjAgq<?gq\ejuK�BIo0wFg <A]^fxj	<AK�juwFg�Å�jAk:Å
[0]^<AK7@�gx:=<AK7fxk jA:=O(<?gq\ejuK&5(6 @	KF@�@�LVgxj � �D<?gxgx@�K �!gq�7\^f�gx:�<AK7fxk jA:=O(<?gq\ejuK gxj!�%<?:q[ gq�F@�fqw7:qk <A�{@�gx:�<A�{@�L
juwFg%o�h�gq�7@JN�Åifq��<AK7f%juK�gxj�< �D<?g%[0]^<AK7@A5 v �7\^f���<AK�o�@ <A���7\e@�dA@�L2<Af%k ju]^]^j �+f�5`6 @�w7fx@ � gxj gx:=<AK7fxk jA:=O
gq�F@'�{@�K�gx:q@'] \^KF@,jAkmNSÅif=��<AK�� � _'\^Krgxj(N�Åifq��<AK��®i�fT�{jZjA:=L7\^K0<?gx@ fxhZfqgx@�O�5 v �7@ �{@�Krgx:q@G<AK7L�@�K7L7[Iju\ Krgqf
jAk�gq�F@+�{@�K�gx:q@+]^\ KF@S�+\^]^]RKFjAg�>A@�K7@�:=<A]^]eh �7<�dA@Q��@�:qj
	�Åi�{jZjA:=L7\ K7<?gx@�f;\^K gq�7@+KF@�� �{jZjA:=L7\^K0<?gx@TfxhZfqgx@�O�5m6 @
�D<?gxgx@�KQgq�F@�gx:=<AK7fxk jA:=O(<?gq\ejuK!o�h$fq@�gxgq\^KF>�gq�7@�fx@G�{jZjA:=L7\ K7<?gx@�f+gxj ��@�:qjF5T6 @Ggq�F@�KQ��<A]^��w7]^<?gx@Ggq�F@G<AKF>u]e@
� <AK0L�gq�F@,L7\^fq[0]^<A�{@�O�@�K�g²Æ� ����� � ÇqB0f=w7�=�	gq�7<?gS<'�+\^gq�7\^KFÅ�[0] <AKF@S:qjAgq<?gq\ejuK � k ju]^]ej��}@�L	o�h(<�gx:=<AK7f=]^<?gq\ejuK
Æ� ����� � ÇnO(<?[0fSgq�F@ �{@�K�gx:q@ jAk`N�Åifq��<AK���� _�juK�gxj�\egqfS[0:qj@� @��{gx@�L![�jufq\egq\ejuK2\^K�N�Åifq��<AK��®i�f+�{j�jA:=L0\^K7<?gx@
fxhRfxgx@�O Ý fx@�@\Þm\e>uwF:q@�_A_?5T6 @G��<AKQ@�<Afq\ ]eh��{juK7fxgx:=w7�{gJ<�[D]^<AK7<?:Ts%w7��]^\^LF@�<AK$gx:=<AK7fxk jA:=O(<?gq\ejuKQO(<?gx:=\�à
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��� k :qjuO � <AK7L	Æ� � ��� � Çq5 v �F@ [0<AK7jA:=<AO(\^� \ O(<?>A@�\^f+gq�F@�K!�{juK0fxgx:=w7�{gx@�LQw7fq\^K7> � � gxj2O(<?[![D\�àZ@�] fT\^K
N�Åifq��<AK�� � _ \^K�gxj(NSÅif=��<AK��®i�fT�{jZjA:=L7\^K0<?gx@ fxhZfqgx@�O�5

θ

centre line of B-scan n+1
projected into the plane of
B-scan n

centre line of B-scan n

centre of B-scan n

centre of B-scan n+1

Þm\e>uwF:q@Q_A_?~ � Ë?Ø´ÖhÔ Ó ËUÊ�Ö¬ÎµØ � Õ´ÎxÔ�Ë �UÐ¤Ó Ö �LË � � Ô � Í½ÎxÔ�� v �F@�[�jufq\egq\^juKVfx@�K7fxjA:G:q@�<AL7\ KF>uf'<?:q@2w7fx@�L gxj
gx:=<AK7fqk @�:�gq�7@T�{@�Krgx:q@J]^\^KF@SjAk�N�Åifq��<AK � � _Sgxj'N�Åifq��<AK �®i�f��{jZjA:=L7\ K7<?gx@+fxhRfxgx@�O�5®è K�>A@�KF@�:=<A] Brgq�F@+�{@�K�gx:q@
]^\^K7@J� \^]^]�]^\e@,juwFgqfq\ LF@�gq�F@ [0] <AKF@,jAk`N�Åifq��<AK��`B7fxj�\egqf+�{@�Krgx:q@G<AK7L2@�K7LF[�ju\^K�gqfn<?:q@ [0:qj@� @��{gx@�L!juKrgxj	gq�F@
[0]^<AK7@+oZh	fq\^O([0]eh fx@�gxgq\^KF> gq�F@�\e: 	�Åi�{jZjA:=L7\^K0<?gx@�fSgxj ��@�:=jF5¡è gS\^f}gq�F@�K2fxgx:=<A\e>u��gxk jA:q�%<?:�L	gxj(O(@�<AfqwF:q@Jgq�F@
<AKF>u]e@ � <AK7L�L7@�L7w7�{@Ggq�F@�gx:�<AK7fq]^<?gq\ejuK Æ� ����� � ÇqBtfqw7�=��gq�7<?g�<	�+\egq�7\^K°Å�[0]^<AKF@�:qjAgq<?gq\^juK � k ju]^]ej �%@�LQo�h
<�gx:=<AK7fq] <?gq\ejuK(Æ� � ��� � Ç O(<?[0fJgq�F@��{@�K�gx:q@�jAk;N�Åifq��<AK � � _GjuK�gxj$\egqfJ[7:qj@�x@��{gx@�L [�jufq\egq\ejuKQ\^KQNSÅif=��<AK
�®i�fT�{jZjA:=L7\^K0<?gx@ fxhZfqgx@�O�5

�JkD�{juwF:=fx@ABA�%@%L7jJKFjAg`KF@�@�LGgxj,:q@�K7LF@�:t@�dA@�:qhGNSÅif=��<AK�\^K�\^gqf @�K�gq\e:q@�g h'gxj��{juK7fxgx:=w0�{g3gq�F@S[0<AK7jA:=<AO(\^�
\^O(<?>A@A5Vl%juK7fq@���wFgq\edA@2NSÅif=��<AK7fG�+\^]^]�f=�7<?:q@2<�]^<?:=>A@	j�dA@�:=]^<?[ :q@�>u\ejuK�Bm<AK7L \egGfqw��	�{@�fGgxj w7fx@�juK7]ehV<
K7<?:q:=j � fxgx:�\e[�k :=juO gq�F@'�{@�K�gx:q@ jAk`@�<A�=��N�Åifq��<AK�5 v �F@�[0<AKFjA:=<AO�<�\^fT�{juK7fxgx:�w7�{gx@�L$\^K2gq�F@��{j�jA:=L0\^K7<?gx@
fxhRfxgx@�O8jAk7gq�F@�� � �(� N�Åifq��<AK�5 � � \^f ��<A]^��w0]^<?gx@�L'k jA:t@�<A�=�G[0<A\e:3jAk0�{juK7fx@���wFgq\^dA@%N�Åifq��<AK7f�Bu<AK7L gq�F@%k :=<AO�@¦Å
gxj�Å�k :=<AO�@Jgx:=<AK7fxk jA:=O(<?gq\ejuK0f}<?:q@J�{juK7��<?gx@�K7<?gx@�L�gxjG:q@�k @�:}gq�7@ ��wF:q:=@�Krg%NSÅif=��<AK2o0<A�q�(gxjGgq�F@J�{j�jA:=L0\^K7<?gx@
fxhRfxgx@�O jAktgq�F@«çD:=fxgnN�Åifq��<AK�5

6 �F@�:q@�<AL@�q<A�{@�Krg�fxgx:�\e[0f j dA@�:=]^<?[ B��}@ �%juw7]^LQ]^\e�A@'gxj�fx@�@ [0\�àZ@�]^fJ<?:=\^f=\^KF>(k :qjuO gq�F@��{@�Krgx:=@GjAk}gq�F@
fxgx:=\^[0f,<AK7LVKFjAg�gq�F@�@�LF>A@�f�5 v �7\ fJ��<AK o�@ <A���7\e@�dA@�L w7fq\^KF>2gq�F@��%@�LF>A@¦Å�o0<Afq@�LVgx@��=�0K7\�ÈZwF@(LF@�dA@�]ejA[�@�L
k jA:+<AKrhUÅ�[0]^<AK7@'fq]^\^��\ KF>mÝ fx@�@�Þm\e>uwF:=@'bZ5�s}<A���$�%@�LF>A@�\^fSk ju]^LF@�L!<?oIjuw7gT\egqfT�{@�K�gx:q@']^\^K7@Jo�@�k jA:q@�o�@�\^KF>
[0<A\^K�gx@�L�juK�gxj(gq�F@'f=�{:q@�@�K�~;�7\ L7LF@�K2fqwF:qk <A�{@�:q@�O�j�d�<A]3fx@�@�fngxj	gq�F@�:q@�fxg�5

7JjAgx@	gq�0<?g'gq�7\^f'gx@��=�7K0\�È�w7@�\^f @���@��{gq\edA@�]eh k :q@�@	jAkn[0<?:=<AO�@�gx@�:=f�52è g'\ f'KF@��{@�fqf=<?:qh gxj�fx[�@���\ek h gq�F@
�+\^L7gq� jAk @�<A��� fxgx:=\^[&BTo0wFg	gq�7\^f2��<AK o�@QL7@�gx@�:=O(\^KF@�L <AwFgxjuO(<?gq\ ��<A]^]ehAB w0fq\^KF> � � gxj ��<A] ��w7]^<?gx@ gq�F@
O(\^K0\^O�w0O �+\^L7gq��fqw0�=�Qgq�7<?g,gq�F@�:q@�<?:q@�KFj2>u<?[0f,o�@�gi�%@�@�K <AL@�q<A�{@�Krg fqgx:=\e[0f�5fè g�\^f+gq�7@G�%@�LF>A@¦Å�o0<Afq@�L
gx@��=�0K7\�ÈZwF@�gq�0<?gJ:=@�<A]^]eh$LF@�gx@�:=O�\^KF@�f gq�F@�[D<?:qgqfJjAk�@�<A�=� fxgx:�\e[�gq�0<?g,<?:=@GL7\ fx[0]^< hA@�L�BIfqj�w7f=\^KF>	f=]^\e>u��gq]eh
gxjZj�]^<?:q>A@'<�fqgx:=\e[��+\^L7gq�2juK7]eh	<@��@��{gqf gq�F@ :q@�K7L7@�:=\^KF> fx[�@�@�L�B7KFjAgTgq�7@ \^O(<?>A@�ÈZw7<A]^\eg hA5

c,fq\^KF>'gq�F@JHJjuwF:�<Aw7L(gx@����7K7\�ÈZwF@ABrgq�7@+[0<AKFjA:�<AO(< \^fm@�<Af=\^]eh :q@�K7LF@�:=@�L�juK�< yR\^]^\^�{juK�H,:=<?[0�7\^��f¡è K7L7h
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