
���������
	��
��������������������������������������� �!��"
#��$�
���%"&#���	��
�$'(�()����������*���%�,+-�-��.��
�%	

/1032547698:/1;=<?>�0A@CB-D%EGF,H�IJ;K>LEGF?0A<?M�2ND%OQP?R?@S0T;=>LUWVH�P?698XD%;YP,R[Z\R]<?;K@SR_^`@3VHY2a290A@

bdc=egf�hif�jkfglnmpo�q�mCr-sYjkfglut v�t(wxs=y=h{zueu|k}\hil�cKcKw
~�cKhi�plut(e�h{fN�`mpo��?l�z(y=ckmC�imp�p�p|
��wxt(�{egsY�{wxfg�L���C�A���p�A|����(�u�x�C�L}\hil�cKc=w3|K� jKe�fgt(h{w3|A�k�T�����g�A�x�A�T���(�x���N���3�Y�C�x�$�g�3���d�C�k�x�k S¡��A�

¡��k�C¢C�k ��3£��=�3¢x���x�\¤¥�C�=�p��¦A¦p¢ ¤N§k A�p���p��¤d�T¨3 A�3¢T¢T�C¨$©?ªk�p�«�¥���A���p�p�$�¬�k���g�C�

O`­7®XE°¯QO`±GE
² h{�CyK�i�`l��{wx³�mpt(wxfgl�´1�3h{e�j=wp�{hi��wxf�himCcQfgl�z�yKcKh{µAjkl�e$f�y=wxf wxt�l�³=wpegl�´¶mCc·e�jkt�oawpz¸l�e$mpo9fgl�c¹wxt�l�h{c=´klus�l�cK´kl�cTf
o5t(mCrºf�yklLmpt(h{�Ch{c¹mpo�f�yKlLe�jkt�oawpz¸lL´Kwxf�w3»½¼ lu�plut�f�ykl��il�e(eu|]rLmCegfnmpo¾f�ykl-t�l�z¸l�cTf��i�¿sKt�l�egl�cTfgl�´:wp´k�xwpcKz¸l�´
�AhÀe�jKwp�{hi��wxf�h{mCcGrLluf�ykmA´=e�Á«lut�l$´Klu�pl��imps�l�´
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advanced visualization algorithm
based on surfaces

SMURF

‘‘arbitrary’’ surface, e.g., 
iso-surface, analytic surface, etc.
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f�himCc�I�Ç<P?È�hÀe�wpe�e�jKrLl�´�|XÁ�yKhÀz(yÆzuwpc:³�l-lu�xwp�{jKwxfgl�´
wxf7wxt(³=hifgt(wxt��ðs�mCh{cTf�eTPîÇaeglulÆÉAl�zx»�åCÈ�| wpeLÁ�l��{��wpe
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stream line through

p

flow vector v(p)

p

two stream surfaces sharing
p and v(p) with distinct
normals and curvature properties
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fgm·z(y=wpck�pl�eGÁ�hif�yKh{c¿f�yKlLf�wpck�pl�cTf�s=�Àwpcklp»7bdf°rGjKegf
³�l�cKmpfgl�´¶yklut�lnf�yKwxf egfgt�l�wpr�e(jkt�oawpz¸l�zujkt��xwxf�jkt�l�h{e
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wx³=egfgt(wpz¸f�³Ywpegl�zu�{wpe�e]sKt�mx�
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SmurfPoint

IsoSmurfPoint

StreamSmurfPoint

ImplAnaSmurfPoint

ParaAnaSmurfPoint

PolySmurfPoint

AnaSmurfPoint

.getHitListH(eye,dir)

.getPointH(hlH,idx)

.getLocation(ptH)

.getNormal(ptH)

.getCurv(ptH,type)

.getPrincCurv(ptH,axis)

.getPrincDir(ptH,axis)

.getNeigH(ptH,dir,dist)
virtual calcLocation
virtual calcNormal
virtual calcCurv
virtual calcPrincCurv
virtual calcPrincDir

ScalVolData

DiscScalVolData

.getScalar(x)

analytic scalar volume data types

DiscVectVolData

analytic vectorial volume data types

VectVolData .getVector(x)

implicit (analytic) surface types

ParaAnaSmurf

parametric (analytic) surface types

(case 5)

(case 6)

(case 4)

(case 2)

(case 1)

(case 7)

(case 3)

virtual calcNeig

virtual calcScalar

virtual calcVector

Smurf

IsoSmurf

StreamSmurf

AnaSmurf

PolySmurf

ImplAnaSmurf
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2 ¯`Z°®�Ø3��E-®�D�O,.".4� Ô ±GOnE Ô Ö Õ ®Ö«�QyKh{´=h{ck�°f�yKl\hÀc�fgt(hÀcKe�h{z ´Kh ��lut�l�cKz¸l�e¾³�lufNÁ�lul�cÊf�ykl
e�jkt�oawpz¸l�f¥�Ts�l�e�h{´kl�cTf�hiÂKl�´·h{c¹ÉAl�z¸fu»Xå¶Ì�Í�ÎXÏ�ÐQe�jksk�
s�mpt(f�e�f�ykl°jKe�lut�Á�hif�yQf�ykl�o9mC�{�imÃÁ�h{ck�
f�wpegà3eV�
Ô I�9�290AIW0APo=Ã;�=Ã69HYP&H'B ;KRSEk;=Pj;C0AR E,69>é<?;=2a665C;yA=Ã69HYPç=é0�;xF?P]667X<,0A>¹G Ì�Í Î,Ï�Ðôl�wpegl�e1f�yKh{eQf�wpegà
³T�`sKt�mÃ�Ah{´=h{ck�
wpc¶h{cTfglut�o9wpz¸l°o5mpt�mp³Kf�wphÀcKh{ck�-e�jkt(o9wpz¸l
sKt�mps�lut�f�hil�e7h{cK´klus�l�cK´kl�cTf��i�ðmponf�ykl¿e�jkt�oawpz¸l1f¥�Ts�lp»
á]h{�k»D¢\e�ykmÃÁ�e�wpcLh{egmx�Ne(jkt�oawpz¸l�Á hif�y-z¸t�mCe�egl�e�wp�{hi�Cckl�´
fgm1f�yklLs=t(h{cKzuhisYwp�]´=hit�l�z¸f�himCcKeLÇae(h{rLh{�{wxtnfgmrÖ�l�z�àÆluf
wp�ö»�ÛÅåSÞ9È�»ôá�hi�k»��¹Á¾wpe-�pl�cklut(wxfgl�´ñjKe�h{ck�¿f�ykl¶z¸m3´kl
´klus=h{z¸fgl�´ h{c á�hi�k»n÷8# wpcT� mpf�yklut:e(jkt�oawpz¸lðf¥�Ts�l
z¸mCjK�{´Q³�l\t�l�cK´klut�l�´Êj=e�h{ck�Gf�ykl�e�wpr-l�z¸m3´kln³A�nË�jKegf
z(yKwpck�ChÀck�Lf�ykln�plut��QÂKt�egf$�{h{cklp»
±�HYI:9?;=@S69>�H�P_H'Bn;=298YH=@x6w=SF?IW>TG o9mpt\hÀcKegf�wpcKz¸lp|
t�l�z¸mCcKegfgt(j=z¸f�himCcLe�z�ykl�r-l�e�zuwpcL³�l�l�wpe(h{�i��z¸mCrLs=wxt�l�´
³T� e(wpr-s=�{h{cK�Wwpc wpcKwp�i�Af�h{z¶oajKcKz¸f�h{mCcñwpcK´ wxsKsY�i���
h{ck��w\�3h{e�jKwp�{h{��wxf�himCc
wp�i�pmpt(hif�yKr fgmn³�mpf�y-f�yKl$e�zuwp�{wxt
´Kwxf�w �pmC�ÀjKr-l wpcK´õf�yklñwpcKwp�{�Tf�h{zôo9jKc=z¸f�himCc�» bdc
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f�himCc¹t�l�z¸mCcKegfgt(j=z¸f�himCc¿wpcK´¿z¸mCr-s=jkf�wxf�himCc¹mpo�vnwpjKe¬�
e�h{wpc`zujkt��xwxf�jkt�l�Á hif�yLf�ykl�z¸mpt�t�l�egs�mCcK´=h{ck��wpcKwp�i�Af�h{z
o9jKc=z¸f�himCc�»8�,h{ckl�wxtWt�l�z¸mCcKegfgt�jKz¸f�himCcõmpo¶´Kl�cKe�hif�hil�e
h{eLzu�il�wxt(�{�Weglul�côhÀcóá]h{�k»��u�:9<;>=g|�Á�yklut�l�wpe-f�yKlut�l1h{e¢
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á�hi�k»X�u�:9D?�=«wpc=´E9<AF=g»
á�hi�k»¾�p�Êz¸mCr-s=wxt�l�e
f�yklQµAjKwp�{hif¥�:mpo zujkt(�Swxf�jkt(l7t�l¸�
z¸mCcKegfgt�jKz¸f�himCcøÇ9³A�òzuwp�{zujK�Àwxf�h{ck� sKt(h{c=zuhis=wp�°zujKt��SwS�
f�jkt�l
�{h{ckl�eômpo:w z¸�3�{h{cK´Klut Èð´klus�l�cK´Kh{cK�!mCcê�{hÀc3�
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¨k�K¦p�A�C¨Y�é�Y��IY�3¦p�Ã¡��3¦T�C���é¡k�k¨��3�k»
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�{hiàpl¾Ì�Í ÎXÏ�Ð�h{e,f�yKwxf?h{fXsKt(h{c=zuhis=wp�{�i�$e(jy��lut�eXo9t�mCr h{ck�
lV×½zuhil�c=z¸�p»�Ó]lut�o9mpt(rLwpc=z¸l zuwpcL³�l�hÀr-sKt�mÃ�pl�´-³T�-h{ck�
zu�{jK´=h{ck�k|3lp»Å�k»i|�hÀc�fgl��{�Àhi�pl�c�f zuwpz(yKh{cK�½egfgt(wxfglu�Chil�e\wpcK´
h{r-sY�il�r-l�cTf�wxf�himCcÜe�yKmpt�f¬�Nzujkf�eu» áKjKt�f�yklut(r-mpt(lp|Qh{f
e�ykmCj=�{´Ê³�l�s�mCe�e�hi³Y�il\fgm7l103s=�imChif�t(w��T�Äfgmx�Ät(w��¿z¸mCyklutg�
l�cKz¸l-mpo��AhÀe�jKwp�{hi��wxf�h{mCc·wp�i�pmpt�hif�yKrLeu»G�$yAjKeu|Xwx�Cwph{c�|
zuwpz(y=h{ck�·wpc=´Jwp´K´kt(l�e�e�h{ck�Êmpo¾l103fglut(cKwp��´Kwxf�w1rGjKegf
³�lnwp�{�iméÁ�l�´¶³A�`f�ykl�e�z(yKl�r-lp»
��ckmpf�yklutnh{´kl�wQh{e�fgmQl10Afgl�c=´¿f�ykl`Ì�Í Î,Ï�ÐÊz¸mCcKz¸lusKf
fgmæwNM egluf`mpo-Ì�Í�ÎXÏ�ÐAe�O�zu�Àwpe�e`Á�hif�y wðe�h{r½h{�{wxt½h{ck�
fglut�oawpz¸lp»Êq¾mCcKegl�zujkf�hi�pl7h{c�fglut�egl�z¸f�himCcKe�wp�{mCck�1wÊt(wé�
wxt�l[t�lus�mpt�fgl�´îh{cÜz¸mpt�t(l�z¸fWmpt(´Klutðo9t�mCr ´Kh ��lut�l�cTf
e�jkt(o9wpz¸l�eu|�lp»Å�k»i|«egf�wpz(àpl�´ôh{egmx�Ne�jKt�o9wpz¸l�e
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o5mpt�l10kwpr-s=�ilp|ps=wxf�h{l�c�f�´Kwxf�w�fgmp�pluf�yklut�Á�hif�y�mp³3Ëgl�z¸f�e
o5t�mCr Ç9�Ahit(f�jKwp�5È�e�jkt(�plut��½s=�ÀwpcKcKh{ck�k»

P ±LÖ Õ ±Q�«Ø¹® Ô Ö Õ ®( jkt
�pl�cklut(wp�¾s=jKt�s�mCegl7e�jKt�o9wpz¸lÊh{cTfglut�oawpz¸l¹Ì�Í Î,Ï�Ð
wp�{�iméÁ e�fgmnl�wpe�h{�i��t�l¸�NjKegl�yKhi�Cy=�i�nl��{wx³�mpt(wxfgl�´
�3h{e�jKwp�Ý�
hi��wxf�himCc
fgl�z(y=cKh{µAjkl�e]f�yKwxf�wxt�l�³=wpegl�´GmCc-e�jkt(o9wpz¸l�e�h{c
�xÙ�»]¡z03wprLs=�il�e�wxt�l¾zujkt��xwxf�jkt�l¸�N´Khit(l�z¸fgl�´Ge�fgt�mpàpl�e�mpt
s=�impfgf�h{ck�nzujkt(�Swxf�jkt(l¾�Àh{ckl�eu|xÁ�hif�y
e�jKt�o9wpz¸l�e�mpt�hi�Ch{cKwxf¬�
h{ck�¿o5t(mCr �xwxt(himCj=eGwxs=s=�{h{zuwxf�himCc=eG�Àhiàpl`hÀegmx�Ne�jkt�oawpz¸l�e
o5t�mCrärLl�´Kh{zuwp��wxsKs=�{h{zuwxf�h{mCcKe½mpt¶e�fgt�l�wpräe�jkt�oawpz¸l�e
o5t�mCr ç=méÁ!�3h{e�jKwp�{h{��wxf�himCc�»°É3jkt�oawpz¸l
sKt�mps�lut�f�hil�e�jks
fgmñf�yklWmpt(´klut·mpoGf¥Á«mk|
hö»Ålp»i|°zujKt��Swxf�jKt�lJh{cko9mpt(rLwS�
f�himCc�|$wxt�l¿w��xwph{�{wx³=�{l1fgmðf�ykl·jKe�lut`h{cñw:fgt(wpc=egs=wxtg�
l�c�fQÁ¾w��p» ë�w��[zuwpegf�h{ck�ðwpe`Á«l��{��wpeQh{cKz¸t�l�rLl�c�f�wp�
e�jkt�oawpz¸l¸�Nzujkt��plGfgt(w��plut�e�wp��wxt�l°sKt(mé�3h{´kl�´1wpe�e�jkt(o9wpz¸l
wpzuz¸l�e�e7e�fgt(wxfglu�Chil�eu» ��yTjKe�|«wp´k�xwpcKz¸l�´ôe�jKt�o9wpz¸lÊ�3hÝ�
e�jKwp�{hi��wxf�h{mCc¿fgl�z(yKcKhÀµTjkl�e°zuwpcÆ³�l
´Klu�pl��imps�l�´ÆÁ�hif�y3�
mCjkf�yKw��3h{ck�Gfgm-zuwxt�lnwx³�mCjKf�egs�l�zuhiÂYz�wp�i�pmpt(h{f�yKrÜo9mpt
zuwp�{zujK�{wxf�h{cK� s=wxt(f�h{zujK�{wxt�e�jkt�oawpz¸l�sKt�mps�lut�f�hil�eu»]�$ykl�hit
s�mpt(f�wx³=h{�{hif¥�\fgm mpf�yklut�e�jkt(o9wpz¸l«fN�As�l�e�h{e?wpckmpf�yklut�wp´3�
�SwpcTf�wx�pl�mpo]f�ykl-Ì�Í ÎXÏ�Ð7z¸mCcKz¸lusKfu»
ákmpt%f�ykl¾t�l�wp�{h{��wxf�himCc°mpoYf�yKh{e�z¸mCcKz¸lusKf�Á�l¾ÂKt(egf�h{´kl�c3�
f�hiÂKl�´ f�ykl:r-mCe�fÊmpo5fgl�cùj=egl�´_e�jkt�oawpz¸lÆfN�As�l�eÊwpcK´
z¸mCr-s=wxt�l�´!�xwxt(himCj=e¹e(jkt�oawpz¸læhÀc�fglut�t(mp�Cwxf�himCc!wp�i�pmx�
t(hif�yKrLe«ckl�z¸l�e�e�wxt(�-fgmGjKc=hio5�Gf�ykl�rîjKcK´klut«w�jKc=h{µTjKl
h{c�fglut(o9wpz¸lp»Ü��eQr-mCegf`�AhÀe�jKwp�{hi��wxf�h{mCcñwxsKsY�{h{zuwxf�himCcKe
yKw��pl�fgm�´kl�wp�AÁ�h{f�yGe(wpr-s=�il�´
´Kwxf�w3|�wpc=wp�i�Tf�hÀz�lu�xwp�{j3�
wxf�himCc½h{e�´=h{e�zujKe�e�l�´Gwpe�Á«l��À�kwpe��Swxt�himCjKe�t�l�z¸mCc=egfgt(jKz �
f�himCc¿e�z(ykl�rLl�eu»n�$ykl
jKegluoajK�{ckl�e�e�mpo%f�yKh{e�wxsKsKt(mCwpz(y
h{e¾´kl�r-mCcKegfgt�wxfgl�´7³A�7e�lu�plut(wp��t�l�e�jK�if�e�Á�l\mp³Kf�wph{ckl�´
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�k�T�����g�A�x�A�T����I=�3¦¸¡�� [«�g�p�
o9mpt oajkt�f�yklutôh{cKo5mpt(r½wS�
f�himCcÊmCc¶f�yKh{e¾sKt�mSËgl�z¸fu»
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