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&XDQWL¿FDFLyQ�DXWRPiWLFD�GH�OHVLyQ�RFXSDQWH�GH�HVSDFLR�D�SDUWLU�GH�WRPRJUDItD�FRPSXWDUL]DGD�FRQWUDVWDGD�GHO�DEGRPHQ

Abstract

6SDFH�RFFXS\LQJ�OHVLRQV�UHSUHVHQW�D�KHDOWK�KLJK�ULVN�RI�VXE-
MHFWV�DIIHFWHG�E\�WKLV�NLQG�RI�SDWKRORJ\��)URP�D�PHGLFDO�SRLQW�
RI�YLHZ��WKH�YROXPH�RFFXSLHG�E\�HDFK�RI�WKHVH�OHVLRQV�FRQ-
VWLWXWHV�WKH�PRVW�LPSRUWDQW�GHVFULSWRU�ZKHQ�DGGUHVVLQJ�WKHP��
DQG� HVSHFLDOO\� IRU� WKH� UHVSHFWLYH� GHFLVLRQ�PDNLQJ� SURFHVV�
WKDW� JXLGHV� WKHLU� FRQWURO�� PLWLJDWLRQ� RU� HOLPLQDWLRQ�� ,Q� VXFK�
FRQWH[W�� WKLV� SDSHU� SURSRVHV� D� VWUDWHJ\� EDVHG� RQ� FRPSXW-
HU�DLGHG� LPDJH�SURFHVVLQJ� WHFKQLTXHV� WR� H[WUDFW� WKH� WKUHH�
GLPHQVLRQDO�PRUSKRORJ\�RI�D�VSDFH�RFFXS\LQJ�OHVLRQ��RI�WKH�
DPRHELF�OLYHU�DEVFHVV�W\SH��DQG�FDOFXODWH�LWV�YROXPH��,Q�WKLV�
sense, in order to attenuate poissonian noise and improve 
WKH�DEVFHVV�HGJH�LQIRUPDWLRQ��WKH�DEGRPLQDO�FRQWUDVW�FRP-
SXWHG�WRPRJUDSK\�LPDJHV�DUH�SUHSURFHVVHG�XVLQJ�D�*DXVV-
LDQ�ÀOWHU��DQ�HGJH�GHWHFWRU�DQG�D�PHGLDQ�ÀOWHU��VHTXHQWLDOO\��
7KHQ��D�FOXVWHULQJ�DOJRULWKP�EDVHG�RQ�UHJLRQ�JURZLQJ�SURFH-
GXUH�LV�DSSOLHG�WR�WKH�HQKDQFHG�LPDJHV��REWDLQLQJ�WKH�VSDFH�
RFFXS\LQJ� OHVLRQ� WKUHH�GLPHQVLRQDO� VKDSH��$GGLWLRQDOO\�� WKH�
'LFH� FRHIÀFLHQW� LV� FRQVLGHUHG� DV� D� PHWULF� WR� HVWDEOLVK� WKH�
FRUUHODWLRQ� EHWZHHQ� WKH� VKDSHV�� DXWRPDWLF� DQG�PDQXDO� OH-
VLRQ��WKH�ODWWHU�GHVFULEHG�E\�D�PDVWRORJLVW��7KHQ��LQ�RUGHU�WR�
FKDUDFWHUL]H�WKH� OLYHU�DEVFHVV�� LWV�YROXPH�LV�TXDQWLÀHG�FRQ-
VLGHULQJ�ERWK�WKH�YR[HOV�RFFXSLHG�E\�WKH�OHVLRQ�REWDLQHG�E\�
DSSO\LQJ� RI� WKH� FRPSXWHU�DLGHG� LPDJH� SURFHVVLQJ�� DQG� WKH�
SK\VLFDO� GLPHQVLRQV� RI� WKH� YR[HO�� )LQDOO\�� WKH� DXWRPDWLFDOO\�
FDOFXODWHG� YROXPH� LV� FRPSDUHG� WR� WKDW� JHQHUDWHG�PDQXDOO\�
E\�WKH�PHGLFDO�VSHFLDOLVW��7KH�UHVXOWV�UHYHDO�DQ�H[FHOOHQW�FRU-
UHVSRQGHQFH�EHWZHHQ�PDQXDO�UHVXOWV�DQG�WKRVH�SURGXFHG�E\�
WKH�SURSRVHG�WHFKQLTXH��7KLV�W\SH�RI�WHFKQLTXH�FDQ�EH�XVHG�
DV�D�UHVRXUFH�QRW�RQO\� WR�REWDLQ��SUHFLVHO\�� WKH�YDOXH�RI� WKH�
DIRUHPHQWLRQHG�GHVFULSWRU��EXW�DOVR�WR�PRQLWRU�WKH�SURFHVV�RI�
WKH�DEVFHVV�HYROXWLRQ�E\�PHDQV�LPDJLQJ�FRQWURO�

Keywords:�&RPSXWHUL]HG�WRPRJUDSK\��VSDFH�RFFXS\LQJ�OH-
VLRQ��LPDJLQJ�ÀOWHUV��FOXVWHULQJ�WHFKQLTXHV��'LFH�FRHIÀFLHQW�

Las lesiones que ocupan espacio representan un alto riesgo 
SDUD�OD�VDOXG�GH�ORV�VXMHWRV�DIHFWDGRV�SRU�HVWH�WLSR�GH�SDWR-
ORJtD��'HVGH�HO�SXQWR�GH�YLVWD�PpGLFR��HO�YROXPHQ�RFXSDGR�
por cada una de estas lesiones constituye el descriptor más 
LPSRUWDQWH�DO�DERUGDUODV��\�HVSHFLDOPHQWH�SDUD�HO�UHVSHFWLYR�
proceso de toma de decisiones que guía su control, mitiga-
ción o eliminación. En este contexto, este artículo propone 
XQD�HVWUDWHJLD�EDVDGD�HQ�WpFQLFDV�GH�SURFHVDPLHQWR�GH�LPi-
JHQHV�DVLVWLGDV�SRU�FRPSXWDGRUD�SDUD�H[WUDHU�OD�PRUIRORJtD�
tridimensional de una lesión que ocupa espacio, del tipo de 
DEVFHVR�KHSiWLFR�DPHELDQR��\�FDOFXODU�VX�YROXPHQ��(Q�HVWH�
VHQWLGR��SDUD�DWHQXDU�HO�UXLGR�SRLVVRQLDQR�\�PHMRUDU�OD�LQIRU-
PDFLyQ�GHO�ERUGH�GHO�DEVFHVR��ODV�LPiJHQHV�GH�WRPRJUDItD�
FRPSXWDUL]DGD�GH�FRQWUDVWH�DEGRPLQDO�VH�SUHSURFHVDQ�XWLOL-
]DQGR�XQ�ÀOWUR�JDXVVLDQR��XQ�GHWHFWRU�GH�ERUGH�\�XQ�ÀOWUR�GH�
mediana, secuencialmente. Luego, se aplica un algoritmo de 
DJUXSDPLHQWR�EDVDGR�HQ�HO�SURFHGLPLHQWR�GH�FUHFLPLHQWR�GH�
UHJLRQHV�D�ODV�LPiJHQHV�PHMRUDGDV��REWHQLHQGR�OD�IRUPD�WUL-
dimensional de la lesión que ocupa espacio. Además, el coe-
ÀFLHQWH�'LFH�VH�FRQVLGHUD�FRPR�XQD�PpWULFD�SDUD�HVWDEOHFHU�
OD�FRUUHODFLyQ�HQWUH�ODV�IRUPDV��OHVLyQ�DXWRPiWLFD�\�PDQXDO��
la última descrita por un mastólogo. Luego, para caracterizar 
HO�DEVFHVR�KHSiWLFR��VX�YROXPHQ�VH�FXDQWLÀFD�FRQVLGHUDQGR�
WDQWR�ORV�Yy[HOHV�RFXSDGRV�SRU�OD�OHVLyQ�REWHQLGD�PHGLDQWH�OD�
aplicación del procesamiento de imágenes asistido por com-
SXWDGRUD��FRPR�ODV�GLPHQVLRQHV�ItVLFDV�GHO�Yy[HO��)LQDOPHQ-
te, el volumen calculado automáticamente se compara con el 
JHQHUDGR�PDQXDOPHQWH�SRU�HO�PpGLFR�HVSHFLDOLVWD��/RV� UH-
sultados revelan una excelente correspondencia entre los re-
VXOWDGRV�PDQXDOHV�\�ORV�SURGXFLGRV�SRU�OD�WpFQLFD�SURSXHVWD��
(VWH�WLSR�GH�WpFQLFD�SXHGH�XVDUVH�FRPR�XQ�UHFXUVR�QR�VROR�
SDUD�REWHQHU��SUHFLVDPHQWH��HO�YDORU�GHO�GHVFULSWRU�PHQFLR-
QDGR�DQWHULRUPHQWH��VLQR�WDPELpQ�SDUD�PRQLWRUHDU�HO�SURFHVR�
GH�HYROXFLyQ�GHO�DEVFHVR�PHGLDQWH�HO�FRQWURO�GH�LPiJHQHV�

Palabras clave:�7RPRJUDItD�FRPSXWDUL]DGD��OHVLyQ�TXH�RFX-
SD�HVSDFLR��ÀOWUDGR�GH�LPiJHQHV��WpFQLFDV�GH�DJUXSDPLHQWR��
FRHÀFLHQWH�GH�'LFH�
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Introduction

6SDFH�RFFXS\LQJ� OHVLRQV� DUH� SDWKRORJLFDO� VWUXFWXUHV� WKDW�
KDYH�D�UHFRJQL]DEOH�YROXPH�DQG�WKDW�FDQ�DIIHFW�QHDUE\�VWUXF-
WXUHV�� 6XFK� OHVLRQV� FDQ� IRUP� D�PDVV� RU� GHIRUPLWLHV� DW� WKH�
OHYHO�RI�WKH�RUJDQV�RI�WKH�DEGRPLQDO�FDYLW\�WKDW�FDQ�EH�WXPRU�
DQG�QRQ�WXPRU��7KH�VSDFH�RFFXS\LQJ�OHVLRQV�RI�WKH�DEGRPL-
nal cavity comprise two groups, namely non-neoplastic and 
QHRSODVWLF��$EVFHVVHV� DUH� RI� WKH� QRQ�QHRSODVWLF� LQIHFWLRXV�
W\SH��PHDQZKLOH�� WKH�KHPDWRPDV��VXWXUH�JUDQXORPD��HQGR-
PHWULRVLV�DQG�HQGRPHWULRPDV��QRGXODU�IDVFLLWLV��DQG�LQWUD�DE-
dominal sclerosing mesenteritis are space-occupying lesions 
QRQ�QHRSODVWLF� QRQ�LQIHFWLRXV�� 1HRSODVWLF� VSDFH�RFFXS\LQJ�
lesions include lipomas, vascular tumors, leiomyomas, neu-
URÀEURPDV� DQG� VFKZDQRPDV�� ÀEURPDV� DQG� EHQLJQ� ÀEURXV�
KLVWLRF\WRPD�� EHQLJQ� SLJPHQWHG� OHVLRQV�� VROLWDU\� ÀEURXV� WX-
PRU��JUDQXODU�FHOO�WXPRUV��P\RÀEUREODVWLF�WXPRU��ÀEURPDWRVLV�
DQG� GHVPRLG� WXPRU�� P\RHSLWKHOLDO� FDUFLQRPD�� DGHQRFDUFL-
QRPD��VRIW�WLVVXH�VDUFRPDV��PHODQRPDV��DQG�O\PSKRPDV1. 

&XUUHQWO\�� LQ� FOLQLFDO� URXWLQH�� WKH� LPDJLQJ� H[SORUDWLRQ� RI� WKH�
RUJDQV�LQ�WKH�DEGRPLQDO�FDYLW\�IRU�GLVHDVH�DVVHVVPHQW��SUH-
RSHUDWLYH�GLDJQRVLV��SODQQLQJ�DQG�FRQWURO� LV�SUHIHUDEO\�SHU-
IRUPHG� XVLQJ� FRPSXWHG� WRPRJUDSK\� �&7�� LPDJLQJ2-4�� 7KH�
TXDQWLÀFDWLRQ�RI�D�VSDFH�RFFXS\LQJ�OHVLRQ�IURP�WKH�GHWHFWLRQ�
RI�LWV�WKUHH�GLPHQVLRQDO�VKDSH��DV�ZHOO�DV�WKH�GHWHUPLQDWLRQ�
RI�LPSRUWDQW�FOLQLFDO�GHVFULSWRUV�VXFK�DV�WKH�YROXPH�RFFXSLHG�
E\�WKH�OHVLRQ��LV�SRVVLEOH�ZLWK�WKLV�WKUHH�GLPHQVLRQDO�LPDJLQJ�
PRGDOLW\�� )RU� WKH� VSDFH�RFFXS\LQJ� OHVLRQ� RI� QRQ�QHRSODVWLF�
LQIHFWLRXV�NLQG��VXFK�DV�WKH�DEVFHVV��WKH�YROXPH�PHDVXUHG�LV�
DQ�LPSRUWDQW�IDFWRU�LQ�PDNLQJ�VXUJLFDO�GHFLVLRQV�LQYROYLQJ�WKH�
percutaneous transorgan drainage. 

,Q�WKH�SURFHVV�RI�TXDQWLI\LQJ�VSDFH�RFFXS\LQJ�OHVLRQ�LQ�WKH�
DEGRPLQDO� FDYLW\� IURP� FRQWUDVW�HQKDQFHG� &7� LPDJHV�� WKH�
ÀUVW� WDVN� LV� GHWHFWLQJ� WKH� VKDSH�RI� WKH� SDWKRORJLFDO� lesion. 
7KHQ��WKH�YROXPH�RI�WKH�VWUXFWXUH�FDQ�EH�FRPSXWHG���,Q�WKH�
ÀHOG�RI�FRPSXWHU�VFLHQFH��VSHFLÀFDOO\�LQ�WKH�GLVFLSOLQH�RI�GLJL-
WDO�LPDJH�SURFHVVLQJ��WKH�SURFHVV�RI�GHWHFWLRQ�REMHFW�VWUXF-
WXUH�LQWR�WKUHH�GLPHQVLRQDO�LPDJHV�LV�FDOOHG�VHJPHQWDWLRQ6. 
9DULRXV�SURFHGXUHV�KDYH�EHHQ�SURSRVHG�LQ�WKH�OLWHUDWXUH�IRU�
WKH�VHJPHQWDWLRQ�RI�PRUSKRSDWKRORJ\�RI�GLIIHUHQW�VWUXFWXUHV�
SUHVHQW� LQ� WKH� H[SORUHG� DEGRPLQDO� FDYLW\� XVLQJ� &7� LPDJ-
ing7-9��,Q�WKLV�VHQVH��LQ�WKH�SUHVHQW�ZRUN�D�SURFHGXUH�IRU�WKH�
DXWRPDWLF� TXDQWLÀFDWLRQ� RI� D� VSDFH�RFFXS\LQJ� OHVLRQ� IURP�
DEGRPLQDO�FRQWUDVW�HQKDQFHG�FRPSXWHUL]HG�WRPRJUDSK\�LP-
ages is proposed.

Materials and Methods

Data Source

,Q� WKLV�ZRUN��D�GDWDEDVH�DFTXLUHG�XVLQJ�FRQWUDVW�PXOWL�VOLFH�
&7� VXSSRUWHG� E\� D� *HQHUDO� (OHFWULF� /LJKW6SHHG� 9&7� ,ULV�
PHGLFDO� LPDJH�V\VWHP� LV�FRQVLGHUHG��7KH� WKUHH�GLPHQVLRQ-
DO� LPDJH� LV�TXDQWLÀHG�DW����ELWV�ZLWK�D�ZKROH�GLPHQVLRQ�RI�
����������� LPDJH� HOHPHQWV�� ZKLFK� KDYH� D� VSDWLDO� VL]H� RI�
��������������������������PP��)LJXUH���VKRZV�WKH�VDJLW-
WDO��D[LDO�DQG�FRURQDO�YLHZV�RI�DEGRPLQDO�FRQWUDVW�&7�LPDJH�

,PDJH�ÀOWHUV�SLSHOLQH

Gaussian Filter
7KLV�OLQHDU�ÀOWHU�LV�DQ�LPDJH�VPRRWKLQJ�ÀOWHU��ZKRVH�DSSOLFD-
WLRQ�JHQHUDWHV�D�EOXU�HIIHFW�RQ�WKH�HGJHV�RI�WKH�RULJLQDO�GDWD��
%HLQJ�D�OLQHDU�ÀOWHU��LWV�FRPSXWDWLRQDO�LPSOHPHQWDWLRQ�FDQ�EH�
SHUIRUPHG�XVLQJ�D�FRQYROXWLRQ�SURFHVV��,Q�WKLV�VHQVH��WKH�GLV-
FUHWH�*DXVVLDQ�GLVWULEXWLRQ�GHÀQHG�LQ�WKH�WKUHH�GLPHQVLRQDO�
VSDFH�E\�VWDQGDUG�GHYLDWLRQV�DW�HDFK�GLPHQVLRQ��Vi, sj, sk��LV�
XVHG�WR�FRQVWUXFW�WKH�FRQYROXWLRQ�NHUQHO�UHTXLUHG�LQ�WKH�FRQ-
volution process10��7KH�ÀOWHU�DOJRULWKP�WKHQ�UHTXLUHV�WZR�SD-
UDPHWHUV��QDPHO\��NHUQHO�VL]H�DQG�VWDQGDUG�GHYLDWLRQV��ERWK�
RI�ZKLFK�DUH�WKUHH�GLPHQVLRQDO�DUUD\V�

Median Filter
0HDQZKLOH��WKLV�LV�D�QRQ�OLQHDU�ÀOWHU�XVHG�WR�DWWHQXDWH�QRLVH�
LQ�WKH�LPDJH��(DFK�WKUHH�GLPHQVLRQDO�LPDJH�HOHPHQW��YR[HO��
ORFDWHG� DW� WKH� QHLJKERUKRRG� FHQWHU� LV� ORFDWHG� DW� WKH� VDPH�
ORFDWLRQ�DQG�UHSODFHG�E\�WKH�PHGLDQ�RI�WKH�HOHPHQWV�LQ�VXFK�
QHLJKERUKRRG��7KH�PHGLDQ� LV�FDOFXODWHG�VRUWLQJ�WKH� LQWHQVL-
WLHV�RI� WKH�RULJLQDO� LPDJH�LQWR�WKH�QHLJKERUKRRG�DQG�VHOHFW-
LQJ�WKH�LQWHQVLW\�ORFDWHG�DW�WKH�PLGGOH�RI�WKH�VRUWHG�DUUD\11. A 
VLQJOH�SDUDPHWHU�UHODWHG�WR�WKH�QHLJKERUKRRG�VL]H�LV�UHTXLUHG�
IRU�WKH�FRPSXWDWLRQDO�LPSOHPHQWDWLRQ�RI�WKH�PHGLDQ�ÀOWHU�

Gradient Magnitude Filter
:LWK�WKH�LGHD�WR�REWDLQ�D�SUHFLVH�UHSUHVHQWDWLRQ�RI�WKH�HGJHV�
RI�WKH�PXOWLSOH�VWUXFWXUHV�FRQWDLQHG�LQ�WKH�DEGRPLQDO�LPDJH��
D�VLPSOH�JUDGLHQW�PDJQLWXGH�RSHUDWRU�LV�LQFRUSRUDWHG�LQWR�WKH�
SLSHOLQH�ÀOWHU��7KH�FRPSXWDWLRQDO�LPSOHPHQWDWLRQ�FRQVLGHUV�D�
QXPHULFDO� ÀQLWH�GLIIHUHQFH�VFKHPH� WR�HVWLPDWH� WKH�JUDGLHQW�
PDJQLWXGH�DW�HDFK�WKUHH�GLPHQVLRQDO�LPDJH�HOHPHQW12.

Clustering Algorithm

Algorithm Initialization
7KH� FOXVWHULQJ� DOJRULWKP� UHTXLUHV� WKH� GHÀQLWLRQ� RI� D� VHHG�
YR[HO� IRU� LWV� RSHUDWLYHO\�� ,Q� RUGHU� WR� ORFDWH� WKLV� VHHG� LPDJH�
element, a procedure previously reported is used13�� ,Q� WKLV�
VHQVH��D�OHDVW�VTXDUH�VXSSRUW�YHFWRU�PDFKLQH14��/6690��LV�
GHYHORSHG� XVLQJ� D�0DW/DE� WRROER[� FDOOHG� /6�690ODE� Y����
�$YDLODEOH�IURP��KWWSV���ZZZ�HVDW�NXOHXYHQ�EH�VWDGLXV�OVVYP-
ODE����7KH�K\SHUSDUDPHWHUV� WKDW� FRQWURO� WKH� /6690�SHUIRU-
mance (g and s2��DUH�WXQLQJ�E\�FURVV�YDOLGDWLRQ6.

Region Growing Procedure
)URP� WKH� VHHG� YR[HO�� D� UHJLRQ� JURZV� FOXVWHULQJ� WKH� QHLJK-
ERUKRRG�YR[HOV�WKDW�IXOÀOO�WKH�IROORZLQJ�XQLIRUPLW\�FULWHULRQ��LI�
WKH�GLIIHUHQFH�LQ�EHWZHHQ�WKH�LQWHQVLW\�RI�D�YR[HO�LQWR�QHLJK-
ERUKRRG� DQG� WKH� PHDQ� YDOXH� RI� LQWHQVLWLHV� RI� YR[HOV� LQWR�
QHLJKERUKRRG� LV�ZLWKLQ�D� UDQJH�GHÀQHG�E\� WKH�SURGXFW�RI�D�
PXOWLSOLHU� �SRVLWLYH�FRQVWDQW��DQG� WKH�VWDQGDUG�GHYLDWLRQ� ����

Figure 1. Computerized tomography with contrast of abdomen. 
The sagittal, axial and coronal views.
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RI� WKH� LPDJH� LQWHQVLWLHV� LQWR�QHLJKERUKRRG��7KH�SDUDPHWHUV�
WKDW�FRQWURO�WKH�SHUIRUPDQFH�RI�WKH�FOXVWHULQJ�DOJRULWKP�FRUUH-
VSRQG�ZLWK�WKH�PXOWLSOLHU�DQG�WKH�QHLJKERUKRRG�VL]H��DQG�WKH\�
DUH�DOVR�WXQHG�E\�PHDQV�RI�FURVV�YDOLGDWLRQ��.

'LFH�&RHIÀFLHQW
,Q� WKUHH�GLPHQVLRQDO� LPDJH�SURFHVVLQJ�� WKH�'LFH�FRHIÀFLHQW�
EHLQJ�D�VWDWLVWLF�XVHG�WR�FRPSDUH�WKH�VLPLODULW\�RI�WZR�REMHFWV��
7KLV�VWDWLVWLF�DOORZV�TXDQWLI\LQJ�WKH�GHJUHH�RI�RYHUODSSLQJ�EH-
WZHHQ�WZR�YROXPHV��7KH�FRHIÀFLHQW�H[SUHVVHV�WKH�SUREDELOLW\�
WKDW�D�SDUW�RI�RQH�REMHFW�LV�LQ�WKH�RWKHU�REMHFW��TXDQWLÀHG�DV�
WKH� UDWLR�RI� WKH�QXPEHU�RI�PDWFKLQJ�SDUWV�EHWZHHQ� WKH� WZR�
REMHFWV�DQG�WKH�WRWDO�QXPEHU�RI�REMHFWV16.

7KH�'LFH� FRHIÀFLHQW� LV� FRQVLGHUHG� LQ� TXDQWLI\LQJ� WKH� GLIIHU-
HQFHV�EHWZHHQ�WKH�VKDSH�RI�WKH�KHSDWLF�OHVLRQ�LGHQWLÀHG�ZLWK�
WKH�FRPSXWDWLRQDO�DSSURDFK�DQG�WKH�VKDSH�GHVFULEHG�E\�WKH�
VSHFLDOLVW��7KH� VWDWLVWLF� LV� LQFRUSRUDWHG� ERWK� WKH� SURFHVV� RI�
WXQLQJ�WKH�RSWLPDO�SDUDPHWHUV�RI�WKH�LPDJH�SURFHVVLQJ�WHFK-
QLTXHV�DV�WKH�YDOLGDWLRQ�RI�WKH�VKDSH�ÀQDOO\�GHWHFWHG�

Results

7KH�LPDJH�RI�WKH�FRPSXWHUL]HG�WRPRJUDSK\�ZLWK�FRQWUDVW�RI�
DEGRPHQ�FRQVLGHUHG�LQ�WKH�FXUUHQW�ZRUN�LV�LQLWLDOO\�SURFHVVHG�
E\�WKH�ÀOWHUV�SLSHOLQH��,Q�WKLV�VHQVH��D�*DXVVLDQ�ÀOWHU�ZLWK�D�
NHUQHO�VL]H�������RI�DQG�VWDQGDUG�GHYLDWLRQ�HTXDO�WR�WKH�VWDQ-
GDUG�GHYLDWLRQ�RI�WKH�RULJLQDO�LPDJH�LV�ÀUVW�DSSOLHG��7KH�ÀOWHU�
NHUQHO�VL]H�LV�FKRVHQ�ZLWK�WKH�FULWHULRQ�RI�WKH�PLQLPXP�YDOLG�
WKUHH�GLPHQVLRQDO� VL]H� DQG� WKH� VWDQGDUG� GHYLDWLRQ� ZLWK� DQ�
LVRWURSLF�DSSURDFK��Vi, sj, sk�� ������������7KH�UHVXOWV�REWDLQHG�
IRU�DSSO\LQJ�WKLV�VPRRWKLQJ�ÀOWHU�DUH�VKRZV�LQ�)LJXUH���

7KH� VHFRQG� ÀOWHU� LQWR� SLSHOLQH� FRUUHVSRQGV�ZLWK� D� JUDGLHQW�
PDJQLWXGH� RSHUDWRU�� ZKLFK� LV� FRPSXWDWLRQDOO\� LPSOHPHQWHG�
XVLQJ�DQ�DSSURDFK�EDVHG�RQ�ÀQLWH�GLIIHUHQFHV��7KH�OLQHDULW\�
DQG� VHSDUDELOLW\� SURSHUWLHV� RI� WKLV� ÀOWHU� DUH�H[SORLWHG� IRU� LWV�
LPSOHPHQWDWLRQ��WKXV��WKH�ÀOWHU�RXWSXW�LV�REWDLQHG�FRQYROYLQJ�
WKH�*DXVV�ÀOWHU�LPDJH�ZLWK�WKH�ÀQLWH�GLIIHUHQFH�NHUQHO�JLYHQ�
E\�>��������@��)LJXUH���VKRZV�WKH�&7�LPDJH�DIWHU�DSSO\LQJ�RI�
VHFRQG�ÀOWHU�FRQVLGHUHG�LQWR�WKH�SLSHOLQH�

7KH�ÀOWHU�SLSHOLQH�RXWSXW�LV�REWDLQHG�DSSO\LQJ�D�PHGLDQ�ÀOWHU�
WR� WKH� UHVXOWV�RI� WKH� WZR�SUHYLRXVO\�ÀOWHUV�FRQVLGHUHG� LQ� WKH�
ÀOWHULQJ�VHTXHQFH��7KH�PHGLDQ�ÀOWHU�LV�LPSOHPHQWHG�FRQVLG-
HULQJ� WKH� FRQFHSW� RI� VWDWLVWLFDO�PHGLDQ17,18�� WKHUHIRUH�� LW� KDV�
D�VLQJOH�WXQLQJ�SDUDPHWHU�FDOOHG�PHGLDQ�QHLJKERUKRRG�VL]H��
,QLWLDOO\��DQ�LVRWURSLF�DSSURDFK�RI�RGG�YDOXHV�RI�SRVVLEOH�YDO-
XHV� RI� WKH�PHGLDQ� QHLJKERUKRRG� VL]H� LV� DVVXPHG�� QDPHO\�
��������� ��������� ��������� ��������DQG�������������7KH�RSWLPDO�
YDOXH�RI� WKH�PHGLDQ�QHLJKERUKRRG� VL]H� LV� WXQHG�E\�PHDQV�
RI� FURVV� YDOLGDWLRQ�� VHOHFWLQJ� DV� RSWLPDO� VL]H� WKDW� \LHOGHG�
WKH� PD[LPXP� 'LFH� &RHIÀFLHQW� RI� VSDFH�RFFXS\LQJ� OHVLRQ�
REWDLQHG�DIWHU� UXQQLQJ� WKH�FOXVWHULQJ�DOJRULWKP�� LQ� WKLV�FDVH�
��������

2QFH�SUHSURFHVVHG�WKH�&7�LPDJH��WKH�VHHG�YR[HO�PXVW�EH�
HVWDEOLVKHG��7KLV� SURFHGXUH� UHTXLUHV� WKDW� WKH� K\SHUSDUDP-
HWHUV�WKDW�FRQWURO�WKH�SHUIRUPDQFH�RI�WKH�/6690�DUH�WXQHG��
8VLQJ�DOVR�WKH�FURVV�YDOLGDWLRQ��DQG�FRQVLGHULQJ�DV�D�PHWULF�
WKH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ�WKH�FHQWURLG�RI�WKH�UHIHUHQFH�
LPDJH��VHOHFWHG�E\�WKH�FOLQLFDO�H[SHUW��DQG�WKH�FHQWURLGV�RI�
WKH� YDOLGDWLRQ� LPDJHV� FRQVWLWXWHG� E\� WKH� LPDJHV� IURP� WKH�
GDWDEDVH��ORFDWHG�EHWZHHQ�WKH�HTXDWRU�DQG�WKH�EDVH�RI�WKH�
OLYHU��7DEOH���VKRZV�WKH�UDQJHV�FRQVLGHUHG�IRU�WKH�K\SHUSD-
UDPHWHUV� LQ� WKH�FURVV�YDOLGDWLRQ�� WKH�VWHS�VL]HV�ZLWK�ZKLFK�
VXFK�K\SHUSDUDPHWHUV�DUH�YDULHG�DQG�WKH�RSWLPDO�YDOXHV�RE-
WDLQHG��)LJXUH���VKRZV�WKH� ORFDWLRQ�RI� WKH�VHHG� LPDJH�HOH-
PHQW�REWDLQHG�

Table 1. Optimal values of LSSVM hyperparameters.
g s2

Range ������@ >����@
Step size 0.25 0.25
Optimal value 9.5 1.25

7KH�SDUDPHWHUV� WKDW� FRQWURO� WKH� SHUIRUPDQFH�RI� WKH� UHJLRQ�
JURZLQJ� WHFKQLTXH�DUH� WXQHG�E\�PHDQV�RI� FURVV�YDOLGDWLRQ��
FRQVLGHULQJ� WKH� YDOXHV� VKRZQ� LQ�7DEOH� ��� DQG� VHOHFWLQJ� DV�
RSWLPDO�SDUDPHWHUV�WKRVH�SDUDPHWHUV�WKDW�\LHOGHG�WKH�PD[L-
PXP�'LFH�&RHIÀFLHQW��7KH�UHVXOWV�RI�WKH�FOXVWHULQJ�DUH�VKRZQ�
in Figure 6.

Table 2. Optimal values of clustering algorithm parameters.
Neighborhood size Multiplier

Range �����@ >����@
Step size 1 0.1
Optimal value 1 3.60

)LJXUH����*DXVVLDQ�ÀOWHU�UHVXOWV��7KH�VDJLWWDO��D[LDO�DQG�
coronal views.

)LJXUH����5HVXOWV�RI�WKH�JUDGLHQW�PDJQLWXGH�ÀOWHU��7KH�
sagittal, axial and coronal views.

Figure 4 Filters pipeline output. The sagittal, axial and 
coronal views.

Figure 5. Location of seed voxel. The sagittal, axial 
and coronal views.
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7KH�ÀOWHU�SLSHOLQH�RXWSXW�LV�REWDLQHG�DSSO\LQJ�D�PHGLDQ�ÀOWHU�
WR� WKH� UHVXOWV�RI� WKH� WZR�SUHYLRXVO\�ÀOWHUV�FRQVLGHUHG� LQ� WKH�
ÀOWHULQJ�VHTXHQFH��7KH�PHGLDQ�ÀOWHU�LV�LPSOHPHQWHG�FRQVLG-
HULQJ� WKH� FRQFHSW� RI� VWDWLVWLFDO�PHGLDQ17,18�� WKHUHIRUH�� LW� KDV�
D�VLQJOH�WXQLQJ�SDUDPHWHU�FDOOHG�PHGLDQ�QHLJKERUKRRG�VL]H��
,QLWLDOO\��DQ�LVRWURSLF�DSSURDFK�RI�RGG�YDOXHV�RI�SRVVLEOH�YDO-
XHV� RI� WKH�PHGLDQ� QHLJKERUKRRG� VL]H� LV� DVVXPHG�� QDPHO\�
��������� ��������� ��������� ��������DQG�������������7KH�RSWLPDO�
YDOXH�RI� WKH�PHGLDQ�QHLJKERUKRRG� VL]H� LV� WXQHG�E\�PHDQV�
RI� FURVV� YDOLGDWLRQ�� VHOHFWLQJ� DV� RSWLPDO� VL]H� WKDW� \LHOGHG�
WKH� PD[LPXP� 'LFH� &RHIÀFLHQW� RI� VSDFH�RFFXS\LQJ� OHVLRQ�
REWDLQHG�DIWHU� UXQQLQJ� WKH�FOXVWHULQJ�DOJRULWKP�� LQ� WKLV�FDVH�
��������

2QFH�SUHSURFHVVHG�WKH�&7�LPDJH��WKH�VHHG�YR[HO�PXVW�EH�
HVWDEOLVKHG��7KLV� SURFHGXUH� UHTXLUHV� WKDW� WKH� K\SHUSDUDP-
HWHUV�WKDW�FRQWURO�WKH�SHUIRUPDQFH�RI�WKH�/6690�DUH�WXQHG��
8VLQJ�DOVR�WKH�FURVV�YDOLGDWLRQ��DQG�FRQVLGHULQJ�DV�D�PHWULF�
WKH�(XFOLGHDQ�GLVWDQFH�EHWZHHQ�WKH�FHQWURLG�RI�WKH�UHIHUHQFH�
LPDJH��VHOHFWHG�E\�WKH�FOLQLFDO�H[SHUW��DQG�WKH�FHQWURLGV�RI�
WKH� YDOLGDWLRQ� LPDJHV� FRQVWLWXWHG� E\� WKH� LPDJHV� IURP� WKH�
GDWDEDVH��ORFDWHG�EHWZHHQ�WKH�HTXDWRU�DQG�WKH�EDVH�RI�WKH�
OLYHU��7DEOH���VKRZV�WKH�UDQJHV�FRQVLGHUHG�IRU�WKH�K\SHUSD-
UDPHWHUV� LQ� WKH�FURVV�YDOLGDWLRQ�� WKH�VWHS�VL]HV�ZLWK�ZKLFK�
VXFK�K\SHUSDUDPHWHUV�DUH�YDULHG�DQG�WKH�RSWLPDO�YDOXHV�RE-
WDLQHG��)LJXUH���VKRZV�WKH� ORFDWLRQ�RI� WKH�VHHG� LPDJH�HOH-
PHQW�REWDLQHG�

Table 1. Optimal values of LSSVM hyperparameters.
g s2

Range ������@ >����@
Step size 0.25 0.25
Optimal value 9.5 1.25

7KH�SDUDPHWHUV� WKDW� FRQWURO� WKH� SHUIRUPDQFH�RI� WKH� UHJLRQ�
JURZLQJ� WHFKQLTXH�DUH� WXQHG�E\�PHDQV�RI� FURVV�YDOLGDWLRQ��
FRQVLGHULQJ� WKH� YDOXHV� VKRZQ� LQ�7DEOH� ��� DQG� VHOHFWLQJ� DV�
RSWLPDO�SDUDPHWHUV�WKRVH�SDUDPHWHUV�WKDW�\LHOGHG�WKH�PD[L-
PXP�'LFH�&RHIÀFLHQW��7KH�UHVXOWV�RI�WKH�FOXVWHULQJ�DUH�VKRZQ�
in Figure 6.

Table 2. Optimal values of clustering algorithm parameters.
Neighborhood size Multiplier

Range �����@ >����@
Step size 1 0.1
Optimal value 1 3.60

)LJXUH� �� VKRZV� WKH� WKUHH�GLPHQVLRQDO� VSDFH�RFFXS\LQJ� OH-
VLRQ�GHWHFWHG�LQ�WKH�FRQWUDVW�FRPSXWHUL]HG�WRPRJUDSK\�RI�WKH�
DEGRPHQ�DQG�WKDW�FOLQLFDOO\�FRUUHVSRQGV�ZLWK�DQ�DPHELF�OLYHU�
DEVFHVV�

)LQDOO\�� IURP� WKH� WKUHH�GLPHQVLRQDO� VSDWLDO� LQIRUPDWLRQ� RE-
WDLQHG� WKDW�PRUSKRORJLFDOO\� GHVFULEHG� WKH� VSDFH�RFFXS\LQJ�
OHVLRQ�LQ�WKH�OLYHU��WKH�YROXPH�RI�WKH�KHSDWLF�DEVFHVV�LV�TXDQ-
WLÀHG�REWDLQLQJ�D�PHDVXUHG�YDOXH�RI�������P/�

Conclusions

7KH�UHVHDUFK�SHUIRUPHG�DOORZHG�WKH�GHYHORSPHQW�RI�D�FRP-
SXWDWLRQDO�DSSURDFK� WKDW�DOORZV� WKH�VSDFH�RFFXS\LQJ� OHVLRQ�
WR� EH� TXDQWLÀHG� DXWRPDWLFDOO\�� LQ� FRQWUDVW�HQKDQFHG� FRP-
SXWHG�WRPRJUDSK\�LPDJHV�DFTXLUHG�IURP�D�SDWLHQW�ZLWK�OLYHU�
DEVFHVV�

7KH� ÀOWHULQJ� SLSHOLQH� FRPSRVHG� E\� WKUHH� LPDJHV� ÀOWHUV��
QDPHO\�� D�*DXVVLDQ� ÀOWHU�� D� ERUGHU� GHWHFWRU� DQG� D�PHGLDQ�
ÀOWHU��DOORZHG� WR�DWWHQXDWH� WKH�&7� LPDJHV�SRLVVRQLDQ�QRLVH�
DQG� HQKDQFLQJ� ULP� RI� WKH� OLYHU� DEVFHVV�� /LNHZLVH�� WKH� SUR-
FHGXUH�XVHG� IRU� WKH�DQDO\VLV�DQG�VHOHFWLRQ�RI� WKH� UHJLRQ�RI�
LQWHUHVW�LQ�WKH�HQKDQFHG�&7�LPDJHV��DQG�WKDW�DOORZV�GLVFULPL-
QDWLQJ��ZKDW�LPDJH�VSDFLDO�VSDWLDO�LQIRUPDWLRQ�EHORQJV�RU�QRW�
WR�SDWKRORJLFDO�DEGRPLQDO�OHVLRQ��LV�EDVHG�RQ�UHJLRQ�JURZLQJ�
FOXVWHULQJ�WHFKQLTXH�

7KH�VSDFH�RFFXS\LQJ�OHVLRQ�VKDSH�REWDLQHG�XVLQJ�WKH�FOXV-
WHULQJ� SURFHGXUH� LV� YDOLGDWHG� E\�PHDQV� RI� WKH� FRPSDULVRQ�
ZLWK� WKH�PDQXDOO\� UHSURGXFHG� VKDSH�E\�D� VSHFLDOLVW��7KHQ��
WKH�YDOLGDWHG�VKDSH�LV�XVHG�WR�TXDQWLI\�WKH�YROXPH��ZKLFK�LV�
FRQVLGHUHG�DV�D�FOLQLFDO�SDUDPHWHUV�XVHIXO�WR�FKDUDFWHUL]H�WKH�
liver lesion.
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Figure 6. Results of clustering algorithm. The sagittal, axial and 
coronal views.

Figure 7. Three-dimensional views of the amebic liver abscess 
detecting form contrast CT of abdomen.


