CUTTI NG SI MULATI ON DEVI CE AND CUTTIN G SI MULATI ON PROGRAM TECHNI CAL FI ELD
The present invention relates to a cutting sinulation device and a cutting
simulation programutilized when a healthcare worker performs a surgery

si mul ati on, BACKGROUND ART Cutting sinmulation devices that allow
simul ati ons of surgery to be performed are utilized at healthcare sites to
i mprove t heGIURININGof sSINEVLARIOMNvenDBNVAICEUt ti ANDBI nul@U'BRINEVi ce
conprised, for exanple, a. tonographic 10i mage i nformati on acquisition

sectio NN hie i mage i nformati on, such as an X-ray CT
inage,ggﬂgggﬁggybﬁggﬁ%pﬁgﬁggggnance imge (MRI), or an inage acquired by
PET (positive el ectron tonography), a nenory connected to the tonographic

i mge THCSIMWEAIoRIEAdyui sition section, a vol une rendering cal cul ator
connected to the nmenory, a display for displaying the calculation results

of the vol ufg, ht%%lﬁ‘iﬂ%ﬁﬂ&?fe@éfé%%c’utt iA01atiDRHLvidOSRCS é&ﬂn%ﬁﬁm'?&%foﬂg

inputted cuttihg 1nstructions wth respect to the display object that is

dIS | ayed on the display. Patent Literature 1, for exanple, discloses
gr gBrograsm i l@duwnw@@léhewwme&aer&rmarfglrgeﬁxﬁmu%q j%ns for a display

object that is displayed in 3D on the display are given by an input

secti opa@OPRbEMND Wier ature 2 di scl oses an i nage processing device with

which the site to be viewed can be properly displayed by displaying other

structures senm transparent|
?luttlng s?mulgt?on ev1(Xes that aﬂow simulations of surgery to be performed are

utilized at healthcare sites to improve the quality of surgery.
A conventional cutting simulation device comprised, for example, a tomographic
10  image information acquisition section for acquiring tomographic image information, such as
an X-ray CT image, a nuclear magnetic resonance image (MRI), or an image acquired by
PET (positive electron tomography), a memory connected to the tomographic image
information acquisition section, a volume rendering calculator connected to the memory, a
display for displaying the calculation results of the volume rendering calculator, and an input
15  section for being inputted cutting instructions with respect to the display object that is
displayed on the display.

Patent Literature 1, for example, discloses a surgery simulation system in which
cutting instructions for a display object that is displayed in 3D on the display are given by an
input section.

20 Patent Literature 2 discloses an image processing device with which the site to be

viewed can be properly displayed by displaying other structures semitransparently, even



when the site to be viewed in a 3D display (such as a tunor) is hidden by
ot her structures (such as bl ood vessels), C TATI ON HST PATENT LI TERATURE
Patent Literature 1: Japanese Lai d-Qpen Patent Application H5-123327 Patent
Literature 2: Japanese Lai d-Qpen Patent Application 200" 3-91735 SUMVARY
TECHNI CAL PROBLEM However, the follow ng problens were encounteredhe
conventwihon#ie sl®cohé vigwedtin 03P dsBoussedasabiover) is hidden W ket higudtwigg e
processi ng device disclosed in Patent Literature 2, the shape of a

partic tumor or the |like can be recognized from al
dlrect?%gé of bg%%%%“ﬁg at all is disclosed about display control when this
is to be cut, Thus, when cutting was perforned on an organ or other such
cut ti n§TBATEN IdSTh the 15sur gery simulation systemof Patent Literature 1
on a 3D display produced by the inmage processi ng device of Patent

Li t er apurengs LiTiRAreRiEay could only show a state in which the bl ood
vessel s, nerves and the |ike present inside the organ were also cut.

Ther ef or e, %HI cian or the |ike (5er orm ng he cutti g si mul ati on cannot
shat e infor Ra&en terpge Volspanase Lahdpsrehaientifpnligaionddr 4é?3.7 and there is

the risk that an effective surgery sinulation cannot 20he carried out.

It is an obpgweht Dferithfe PrRpeiYse LANEObOPaté Aplivhtd 0GWITBAY si mul ation
device and a cutting sinulation. programw th which an actual surgical.

pr ocengmAq{eYr epresented in detail
TECHNICAL PROBLEM
However, the following problems were encountered with the conventional
10 configurations discussed above.

With the image processing device disclosed in Patent Literature 2, the shape of a
particular region of a tumor or the like can be recognized from all directions, but nothing at
all is disclosed about display control when this is to be cut.

Thus, when cutting was performed on an organ or other such cutting object with the

15  surgery simulation system of Patent Literature 1 on a 3D display produced by the image
processing device of Patent Literature 2, the display could only show a state in which the
blood vessels, nerves, and the like present inside the organ were also cut. Therefore, a
physician or the like performing the cutting simulation cannot share information that would
be beneficial in real surgery, and there is the risk that an effective surgery simulation cannot

20 be carried out.

It is an object of the present invention to provide a cutting simulation device and a

cutting simulation program with which an actual surgical process can be represented in detail



by visualizing the bl ood vessels, nerves,and other such non-cutting objects
present inside an organ or other such cutting object even after cutting.
SOLUTI ON TO PROBLEM The cutting simulation device pertaining to the first

i nvention conprises a 5tonographic inmage information acquisition section, a
menory, a volune rendering calculator, a display unit, an input section,
and a #y spualyzicoihebiddderessel) aetvesTagd athkt suchmageuitimpabimts peseatigeidsiahi on
section acquires tonographic imge information. The nmenory is connected to
the to raphj,c.. i.nam i.nf or ' i.sj.tion section and stores vo e
inforng? Bﬁpgg%ﬁ?w ﬁghﬁgﬁ%ggggﬁgé&¥ﬂ§6§hénfornation. Th. e vol une rendering
calculator is connected to the 10nenory and sanples voxel information in a
di r ect SOALUPEOPERQIRRIPREEMD t he |ine of sight, on the basis of the voxel
information. 'The display unit displays calculation results fromthe vol une
rendering c . i 1 1S, # | i ructions for
cutting a cz%gFﬁghg%Pgﬁgﬁgfggﬁggéﬁghg%q?ﬁgﬁ%EE%Fgggﬁﬁ?%&n%%zidisplay
controller displays on the display unit the status of the cutting object

af ter tmagrafibinagsdnioam ponoFeqtfEICELFEEtiGTg 2 MPSRATYcE YYRE IF1dsH0E CRl8UMN t he

i nput section, and displays non-cutting objects included inside the cutting
obj ect g 4aRIhRitdhSRLAYscitbd, ahd a AisPl8-BHErodratIBe ﬁ%ﬁé‘%r@ﬁﬁi@{mé‘gétihfoﬁiﬁati&i/ en
when includéd in a cut portion according to the cutting instructions.

Here, when conducting a cutting sinmulation using.a plurality of X-ray CT

i mages 2¢IAIY SCROHRCARITSTFOgHAGHAPRL itage prfodpatipnyy r‘i’gel%orkfﬁ ?‘%/D@E?tﬁ %r gan,

for exanple, if the portion to be 20cut includes both the particul ar organ
(the ctHettbm@g@bhietinhgaindorifao hapikiN@ssetisn antlsts@s voxdl hnformithd dbosi e of

the organ (non-cutting objects), then control is performed so that only the

tomographic image information. The volume rendering calculator is connected to the

10  memory and samples voxel information in a direction perpendicular to the line of sight, on
the basis of the voxel information. The display unit displays calculation results from the
volume rendering calculator. The input section is inputted with instructions for cutting a
cutting object displayed on the display unit. The display controller displays on the display
unit the status of the cutting object after cutting on the basis of the cutting instructions

15  inputted with the input section, and displays non-cutting objects included inside the cutting
object, on the display unit in a pre-cut state even after cutting, even when included in a cut
portion according to the cutting instructions.

Here, when conducting a cutting simulation using a plurality of X-ray CT images in a

state of a 3D display of the area around a particular organ, for example, if the portion to be

20  cut includes both the particular organ (the cutting object) and the blood vessels and so forth in

the inside of the organ (non-cutting objects), then control is performed so that only the



particular organ that is the cutting object is cut, while the blood vessels
or other non-cutting objects are still displayed in their pre-cut state.
The above-nenti oned tonographi c i mage i ncl udes two-di mensi onal i mages
acquired using a. nedical device, such as an X-ray CT, an MRla PET. Al so,
the rel ation between 5the cutting object and the non-cutting objects

i ncl udesttichlar ogxatipk &,tht bEtingbbiectan cltewhie thedhowirgaselaobthdrerobtcutthgvessel s,
nerves, and so forth present on the inside of the organ.

Consqugjré&%éree %i@ﬁ@f%ﬁéﬁ%ﬂ%irﬁpr?—icﬂwtﬁ&i on of cutting part of a 3D displ ayed

organ, I'n plYay was post-cutting, in a state in which bl ood
vessel s, nerves, and other such tissue inside the organ had been cut at the
same time adhe Aeoveumeitivgediompsaigmmmgewrrdvdss $waidimensi@ahanggce sedvired
invention, only the organ that is he cutting object is cut, and the bl ood

vessel §qiQL atn%lidai K&idd) %cﬁlais%nt)h?a - LUURIL NG 2001 B CA B0 Phe $8RMor MSWES, t he

organ are displayed 1 n thelr precutting state. hus, before a
physician or the like perforns a_surgical operation, the positions of blood
vessel Hegnlingebinst prd the @opwpttingopicsts 1¢ludaselos examplggie relaliidbsiyes @ act ual

surgical site 150on the patient can be shared anong a plurality of

physi ChaRs an@tHe: bl ResE@S wkives,tdn8 s6 Forel pestndbs ale iRsiOE 8FlE®r&an be di spl ayed
as a detailed sinmulation. The cutting simnulation device pertaining to the

hvent i on. - BHERERTIN ToRpRUt T TBEER 6 GHGTF HUt HoAD PGl OG0B £ | on
the display controller switches the voxel data for the cut portion with
yokel the past, the display was post-cutting, in a state in which blood vessels, nerves, and other such
tissue inside the organ had been cut at the same time as the cutting of the organ, whereas with
10  the present invention, only the organ that is the cutting object is cut, and the blood vessels or
the like that are the non-cutting objects present inside the organ are displayed in their pre-
cutting state.
Thus, before a physician or the like performs a surgical operation, the positions of
blood vessels and so on in the cut portion of the 3D image including the actual surgical site
15 onthe patient can be shared among a plurality of physicians, etc. As a result, the actual
surgical procedure can be displayed as a detailed simulation.
The cutting simulation device pertaining to the second invention is the cutting
simulation device pertaining to the first invention, wherein if non-cutting objects are included

in the cut portion, the display controller switches the voxel data for the cut portion with voxel

20  data for the non-cutting objects, and displays the result on the display unit.



20data for the non-cutting objects, and displays the result on the display
unit, Here, in post-cutting display control during the sinulation,
the yow data for the cut portion and the voxel data for the non-cutting
objects are switched in the display for the non-cutting objects included in
the cut portion. Consequently, for the cutting object included in
t he cut por Hempirspat-eutiiag displaly aysidoli duribghliecdimbhgionthe poxad dsteifogthe sul ef t  as
it is, but for the non-cutting objects included in the cut portion, their

pre-cutf . te i i . Th : kG >t ua
Opor at ToROR AR Rk B AT o s BRI EANr o BRALORTAEREEL LTS
nerves, and ot her such non-cutting objects included in the cut portion. The
cut t i nguttihgrabjacts orwluiediic thepat pettiniing to the third invention is the cutting
10sinmul ation device pertaining to the first or second invention, wherein
col or infor i i x8hdd Lo i t he
cutting objg§%§:Eﬂhﬁhggg§ﬂ9#§%g§@ﬁg obj%%@ég%ﬁﬂgpggpggi%ﬁ§?%gg%?g%%§y unit.
The disg[ay controller displays the con-cutting objects on. the display
unit i Whighdhe swpeonessing isrlelt pvinls Bt ©sfhsmopreuitig QRS wglugeq Bhe cler e, t he
objects are displayed in different colors, such as bl ood vessels and ot her
15suchp@ibn GHER bROUMM ELEES id MispIeebd. arkhs 0he physiaid et hah ps6in enhéting
objects in reddish-brown, in order to nake easier to recognize the

non-cutting objects displayed. even after e cut, K processing of the cut
por t | oPPAHI W RIRATISRUY ESORRAGESh] REHIRS ﬂ&;}ﬁaoq SSPg GENET P OtheT
Consequently, a physician, etc., conducting the sinulation can nore clearly

r ecogniuth nohehily djectdintléékinahec@mortidrood vessels or the like that woul d
be non-cutting objects in the

The cutting simulation device pertaining to the third invention is the cutting
10 simulation device pertaining to the first or second invention, wherein color information is
added to the voxel information corresponding to the cutting object and the non-cutting
objects in display on the display unit. The display controller displays the non-cutting objects
on the display unit in a different color from the color of the cutting object.
Here, the objects are displayed in different colors, such as blood vessels and other
15  such non-cutting objects in red, and organs and other such cutting objects in reddish-brown,
in order to make it easier to recognize the non-cutting objects displayed even after the cut
processing of the cut portion apart from the cutting object displayed in a cut state.
Consequently, a physician, etc., conducting the simulation can more clearly recognize
whether or not there are any blood vessels or the like that would be non-cutting objects in the
20  cut portion of the organ that is the cutting object.
The cutting simulation device pertaining to the fourth invention is the cutting

simulation device pertaining to any of the first to third inventions, wherein a range of CT



20cut portion of the organ that is the cutting object. The cutting
sinmul ati on device pertaining to the fourth invention is the cutting
sinmul ati on device pertaining to any of ale first to third inventions,
wherein a range of CT values indicating the extent of spatial X-ray
absorption during X-ray irradiation of a subject is set for the cutting
obj ect vaoes inthieatirgnthe ek tehingf spijat &d-say HoeorgtisplayngcBnty atddértiodios plsaljscitihe
desired cutting object and non-cutting objects on the display unit on the

basi f CT..val yes, i d_ vij. he .i . i . , f
or gans 7o HHEOBERAARNS e Shfe bk BHE 0 RRED ol cispal T8 7" e

l'i ke (the non-cutting objects) each have a designated, the objects (cutting
obj ect desiredd nutting ebjectrapdotonenittsle adijed @ythd doplayhaitdingpé bgsiuef the &le swi t ched
by presetting range of CT values. The CT value nentioned here is the

pr°du95ﬂﬁévaﬁﬁ§%§§%§g#§@§Sgﬁﬁﬁpt of X-ray absorption in a human body as a

numeri ca xpressed as a relative value (units: 10 HU) versus

a zero for water. For exanple, the CT value for a liver is from60 to 70
HU,5 t he CT Wateworfosgang ok therdig (ths cpiting odect)nd bloqdavestelfe nerves, 8K the liksr bl ood
is from30 to 50 HU, and the CT value for bone is from500 to 1000 RU.

Consequgahdi cutlig kéjﬁij'e&@% GicHBEwEa ddBIRRAT the o@{ec%t(t‘@[ﬁné BBjRct AMAHon@&idgON t 0
i nput a range of val ues for the organ, etc., on which the surgery is
actually to he perforped, the 15desired organ, etc., c e easily

di spl ay@ectorlismeycdicaghagispiay pnit grspwi e‘égbi?@-s%ﬂg FW@B?gJE)YaiIWé- si mul ati on
carried out. The cutting sinulation device pertaining to the fifth
i nvention i$hé¢ OF valletrhéifiodbdhéatid 0B peRMcCEf R@rdséihPiextent 3NYX-af the first

to fourth inventions, wherein the cutting object Includes an organ or bone.
IZg{-Ig;S ?%grpltljg\rllzla’ﬁlhﬁmlé}l %QS}I hs Snietica ee'lslhe,%mg LY gx%rr]gsgéd & aS}e?a%(e: r\]/éllu‘?el (lllr%{sge
10  HU) versus a zero for water. For example, the CT value for a liver is from 60 to 70 HU, the
CT value for a kidney is from 30 to 40 HU, the CT value for blood is from 30 to 50 HU, and
the CT value for bone is from 500 to 1000 HU.
Consequently, by using a mouse, keyboard, or other such input section to input a
range of CT values for the organ, etc., on which the surgery is actually to be performed, the
15 desired organ, etc., can be easily displayed on the display unit, and the above-mentioned
cutting simulation carried out.
The cutting simulation device pertaining to the fifth invention is the cutting
simulation device pertaining to any of the first to fourth inventions, wherein the cutting object
includes an organ or bone.
20 Here, a liver, a kidney, a pancreas, a duodenum, a stomach, a large intestine, a small

intestine, or another such organ or a bone is used as the cutting object that will be the object

of the above-mentioned cutting simulation.



i ntestine, or another such organ or a bone is used as the cutting object
that will be the object of the above-nentioned cutting sinulation.
Consequendy, the above-nentioned cutting simulation can be performed for

t he desired organ or bone which needs a surgical operation. The cutting
sinmul ation device pertaining to the sixth invention is the cutting

ati on devi c€operuaitly, tig sdbovamgnidnetvattingrsdhulntod cdit e penfoemed Gmshe wher ei n

t he non-cutting objects include blood vessels or erves. Here, blood

vessel r r th i t e the organ serving as the
cutti ngem%go}é%%ﬁ0r%0néw§16hnlée& ﬂuﬁ%ﬁﬁ Ope&ﬁ?ﬂe non-cutting objects on which
t he above-nentioned cutting sinmulation will be perforned.

Consequent | Yhe oittingsinhéativinglsaticp @sgahing teths sixiblingaton is thiheuttng porti on of
the organ, 10etc., needing auger Iocated can be clearly recogni zed.

The Cusﬁﬂdpeaioﬁldwice bAnfE 9k t% ﬂﬁhﬁx?vehﬁ@nss%@fé‘ir@th‘e%ﬁ%&&@ causes a
corrput er to execut a cu t| n s at| on method conprising an acqui sition
ste a volunme rendering step, a f| rst display step, and a second displ ay
step. Thiectasslidsitioashvestedporn iyisves acqui ri ng t onogr aphi ¢ i mage

i nformation. The volunme rendering step involves sanpling voxel

15i nf or mat i p@re Plodd vEseRCHIr o, Bﬁﬁh@@l‘k@?%ﬂklﬁﬁnsﬁ@e thB@rddnner@hg & @B tuttial t he
basis of voxel information about the tonographic i mage i nformation. The
first ];Hspl ay step invol ves i spl ayi.ng cal cul ati.qn results from.the vol une
r ender PRIGCt Ahesed o106 AERTARIE S % spUtRG BPIGES OB VN Cih@??ﬁ OSATEHPME s pl ay unit
the status of the cutting object after cutting on the basis of the cutting
I nst r ugittion Sinlulidintvail ba debforeshect to the di splayed cutting object, and

di spl ayi ng non-cutting 200bjects included inside the cutting obj ect, on the

O P 8 U B ECh By PSRt L NG BSEOPRAOFLHAES i @
10 etc., needing surgery are located can be clearly recognized.

The cutting simulation program pertaining to the seventh invention causes a computer
to execute a cutting simulation method comprising an acquisition step, a volume rendering
step, a first display step, and a second display step. The acquisition step involves acquiring
tomographic image information. The volume rendering step involves sampling voxel

15  information in a direction perpendicular to the line of sight, on the basis of voxel information
about the tomographic image information. The first display step involves displaying
calculation results from the volume rendering. The second display step involves displaying
on the display unit the status of the cutting object after cutting on the basis of the cutting
instructions inputted with respect to the displayed cutting object, and displaying non-cutting

20  objects included inside the cutting object, on the display unit in a pre-cut state even after

cutting, even when included in a cut portion according to the cutting instructions.



Here, in conducting a cutting sinulation in a state in which a plurality of
X-ray CT inmages are used to create a 3D display of the area around a
particul ar organ, for exanple, if the portion to be cut includes both the
particular organ (the cutting object) and the bl ood vessels and so forth in
the inside of the organ (non-cutting objects), then control is perforned
Sso that onlHerd, hecqaiuttingd arttiog ganldtlvatin hStatdi@ whith & pypradiyy e€X-tag Ut , whil e
t he bl ood vessel s or other non-cutting objects are still displayed in their
pr e- cut te, T ve- pention : i C ] e udes

i rnatgesg%tlg e%iar?ee'ﬁsegé? %rﬁatg a@?@ﬁlﬁg@&egga %ﬁ%ﬁfﬁ%ﬁﬁg{oﬁﬁéﬂﬁ, e)ggﬁl%h??f,e or a
PET. Also, the relation between the cutting object and the non-cutting

obj ect she pretiodeshe dubimchxdaspdtd the praticditargan(thetweehobjest) ardjéhn bioed t he

10bl ood vessels, nerves, and so forth present on the inside of the organ.
Conseq L i i ian_.0f: J LSpl ayed
or gan, Fctfind SEIGANEAE 8D ale LA (R cBling bl R CoroL B reReopha! Bl Cod
vessel s, nerves, and other such tissue inside the organ had been cut at the
sane t spréhahgnlyfikee pastieuleigradn hakls shegamtingwiied ascuii whils the bnodssptels tivent i on,
only the organ that is the cutting object is cut, and the bl ood vessels or
15t he bingenbiadttiag 8bjehts aROMIICHE1ARA iR BicBCHS-cBf 886Nt 1 nside the organ are

di splayed in theif pre- cutting state. Titus before a physician or
the Iike perforps a surgical operation, t r]e pasi ti ons of bl ood vessels and
so on in thdhgabovsomeRtRedfoRorary IMRgsdnG RIS IaPAG AcBIrEtTRg 2 BifGrkal site
on the patient can be shared anong a plurality of physicians, etc. As a

res u: t detibg saet akan ROsUCT] SMRII OCEBET C Ak thedtlapbapadeastha cdetngi dopdt
Si mul at1 on.

and the non-cutting objects includes, for example, the relation between an organ and the
10 blood vessels, nerves, and so forth present on the inside of the organ.

Consequently, in conducting a simulation of cutting part of a 3D displayed organ, in
the past, the display was post-cutting, in a state in which blood vessels, nerves, and other such
tissue inside the organ had been cut at the same time as the cutting of the organ, whereas with
the present invention, only the organ that is the cutting object is cut, and the blood vessels or

15  the like that are the non-cutting objects present inside the organ are displayed in their pre-
cutting state.

Thus, before a physician or the like performs a surgical operation, the positions of
blood vessels and so on in the cut portion of the 3D image including the actual surgical site
on the patient can be shared among a plurality of physicians, etc. As a result, the actual

20  surgical process can be displayed as a detailed simulation.

ADVANTAGEOUS EFFECTS



ADVANTAGEQUS EFFECTS Wth the cutting sinulation device pertaining
to the present invention, an actual surgical procedure can be represented
in detail by visualizing the blood vessels, nerves, and so forth present
inside a cutting object. BRI EF DESCRI PTI ON OF DRAW NGS FIG | is an
obl i que view of a personal conputer (cuffing sinulation device) pertaining

t o an enbodiWignte obittihp einprlgsenievice\perthinor; to BicGrent mventcontm ettutdlock di agram
of the personal conputer in FIG 1I; FIG 3 is a block diagram of the

cont r ol rpealefft A3 ropyRRile GhALAR SRR e U Bod PRI oBRNTEHt Ton of

a color information, storage section enory included in the control bl ocks
i n FlI Go forthFir@8nt iBsidanduBingabgcoper ati onal fl owcharts of the personal
conputer in FIG 1; FIG 6 is a concept diagramillustrating the operation

of theBR‘?EIS@E@CIfIgﬁ‘EK?N%FbRAWﬁGé; and 15FIG 7a is a reference di agram

show ng an exanp a post-cutting display imge displayed on a typical
cutting sinulation device, FIG 7b is a diagramshow ng an exanpl e of bl ood
vessel s ar olifé laisan pbliquearigw IDfGPerF@H41§OﬁlPHieéécr“étiﬁgs%@Nag@n dpVieanpl e of a
post-cutting display image di splayed on the personal conmputer in FIG 1..

pertaining to an embodiment of the present invention;
FIG. 2 is a control block diagram of the personal computer in FIG. 1;
FIG. 3 is a block diagram of the configuration of a voxel label storage section in a
memory included in the control blocks in FIG. 2;
10 FIG. 4 is a block diagram of the configuration of a color information storage section
in the memory included in the control blocks in FIG. 2;
FIGS. 5a and 5b are operational flowcharts of the personal computer in FIG. 1;
FIG. 6 is a concept diagram illustrating the operation of the personal computer in FIG.
1; and
15 FIG. 7ais a reference diagram showing an example of a post-cutting display image
displayed on a typical cutting simulation device, FIG. 7b is a diagram showing an example of
blood vessels around a liver, and FIG, 7c is a diagram showing an example of a post-cutting
display image displayed on the personal computer in FIG. 1.
DESCRIPTION OF EMBODIMENTS
20 The personal computer (cutting simulation device) pertaining to an embodiment of the

present invention will now be described through reference to FIGS. 1 to 7.



DESCRI PTI ON OF EMBODI MENTS 20The personal conputer (cutting sinulation
device) pertaining to an enbodi nent of the present invention wll now be
descri bed through reference to FIGS. Ito 7, As shown in FIG 1, the
personal conputer 1 pertaining to this enbodi nent conprises a display
(display unit) 2 and various kinds of input section (a keyboard 3, a nouse
4, and a tabBlsehown (iISELG. AL Ge 2)gonal computer Thertding tayhi2 esthodsneat 8Bnpmwge of
an organ or the like (a kidney is displayed in the exanple in FIG 1)
formed ff Luralj i€ | - i es, and
shove. £ASPERQERPHS Bl ol v R AR AL b BB o BIGGLARE S, AT 4/ ARAFT,
showmn in FIG 2, the personal conputer 1 has internal control blocks such
as a t ttbheddr(sgehiles. Bpage i nf ormati on acqui sition section 6. The tonographic
i mge information acquisition section 6 is connected to a 10t onocraphic

| mage i nf or Rt aﬁmm%b%a%p/fn?a oY 9% Bl gah BF TR @RI} G Rhycl in TRAL 18,

at the tonograph c”inage I nfornation section 8, tonographic 1'mage
information is supplied froma_ device that captures tonographie. inmages,
such asxammyin 5}9.18 {qmeddyony a plrality od tarpe EsaptberBEesp I asmudy ¢ hABAERL i on i s
extracted as voxel information by the voxel information extractor 7. 15A

Menory 484 sowRrtRY fedeits o Msdutiend HRuRE6A endussRuswey. 1, and has a voxel
i nformation storage section 10, a voxel |abel storage section 11, and a

color informatjon storage section 12. The .menor i's nnected to a vol une
rendering célséh?%?&FIfg%= the Person%%%ﬁ haﬁf%?%ﬁfqo&ﬁogg%&?gqé‘cgéﬁ?i on 10

hol ds voxel inibrmation received fromthe voxel intbrinatien extractor 7

vi a_t heorh&imiiaphige ihfsagetiondoguivion@actaggui sition section 6. 20 As shown
in FIG 3, the voxel |abel storage section 11 has a first voxel | abel
storage section 1lla, .a second.voxei |abe stoqggﬁ%sectioni ib, and a third

ei | l..
voxel | abel '8¢ SYRQRRARMG Fiagy TPIogmatapacqusi ol sep G P abel st or age
sections ii ato |l le are each provided
10  tomographic image information section 8 via a voxel information extractor 7. That is, at the
tomographic image information section 8, tomographic image information is supplied from a
device that captures tomographic images, such as a CT, an MRI, or a PET, and this
tomographic image information is extracted as voxel information by the voxel information
extractor 7.
15 A memory 9 is provided inside the personal computer 1, and has a voxel information
storage section 10, a voxel label storage section 11, and a color information storage section
12. The memory 9 is connected to a volume rendering calculator 13.
The voxel information storage section 10 holds voxel information received from the
voxel information extractor 7 via the tomographic image information acquisition section 6.
20 As shown in FIG. 3, the voxel label storage section 11 has a first voxel label storage

section 11a, a second voxel label storage section 11b, and a third voxel label storage section

11c. These first to third voxel label storage sections 11a to 11c are each provided
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corresponding to a range of preset CT values (discussed below), that is, to

the organs that wll be displayed. For instance, the first \Taxed | abel
storage section 11 a corresponds to a ranee of CT val ues displaying, a
liver, the second vox& | abel storage section | |b corresponds to a range of

CT val ues displayi ng bl ood vessels, and the third voxel |abel storage

sect i otorteshendieotorespgnedpreet &T vahurg€diedustet heddwie shadissfl thy brignbonewilAs
shown in FIG 4, the color information storage section 12 has a first color

120, aReCRPE R R G S PO rREPred 1 SEE MRS Selbrant SHRBHRDE R oot

third color information storage sections |2a to 12c are simlar to the
first €3 vahies dispbiyeig d lalre] the sa@oadeose ttbiebsisragd seartivo 1Ib kerr¢spondsad at hey |
Oare each provided corresponding to a range of preset CT values (discussed

bel ow) ratnggltgf CrSralde gfsgﬁyﬁsﬁrﬁ%m &e@?etl%, Wha h}fgﬁir&jiv&wl %@pggﬁgé sdcishgnee. t 2:(13'

first co I'nform orage section a correspon 0 a range of

val ues displaying a liver, the second color information storage section 12h
cory espurgponds taarangget 6f1 Gluealispbayini kypicayi ng bl ood vessels, and the third
color information storage section 12e corresponds to a range of CT val ues

di spl ayi ng RQBRow T 1. USthe Blok Mifh S RhQlorhd¥ QEHEH i PRasS BsBER0SECt i ONs 12a
to 12c are each set to different color information for the organ, bl ood

vessel s, or bone to be_ displayed. For jnstance, reddish - brown %lclpl or
i nf or mEEQBINLIPE Stogtes SPﬁlan«ézlar%FF‘Q@H%FO@‘F%FI@EQH%F%%‘EW » sl thidyer | red
color information is held in the ranee of CT val ues corresponding to bl ood

vessel &lo@inthritatibe steRlge sedtithaRERITheR first thehied tdlot idGorimange sofagEedtidhies
correspondi ng to bone. The CT val ues set for the organ, bl ood

of - r 3¢ Gregap o e RBhE PGy e Roferrtatrs 110l T 2 0t 8% cssed
as relative values (units: THI) versus a zero for water. For exanple, the
r artee at each provided corresponding to a range of preset CT values (discussed below), that is, to
the organs that will be displayed. For instance, the first color information storage section 12a
corresponds to a range of CT values displaying a liver, the second color information storage
section 12b corresponds to a range of CT values displaying blood vessels, and the third color
information storage section 12¢ corresponds to a range of CT values displaying bone. The
15 first to third color information storage sections 12a to 12c¢ are each set to different color
information for the organ, blood vessels, or bone to be displayed. For instance, reddish-
brown color information is held in the range of CT values corresponding to a liver, red color
information is held in the range of CT values corresponding to blood vessels, and white color
information is held in the range of CT values corresponding to bone.
20 The CT values set for the organ, blood vessels, or bone to be displayed are the product

of expressing the extent of X-ray absorption in a human body as a numerical value, and are

expressed as relative values (units: HU) versus a zero for water. For example, the range of

11



CT values in which a liver is displayed is from60 to 70 KU, the range of
CT values in which a kidney is displayed is from30 to 40 HU, the range of
CT values in which blood is displayed is from30 to 50 HU, and the range of
CT val ues in which bone is displayed is from500 to 1000 HU. The

vol une rendering cal culator 13 acquires information about a plurality of

sl i ces Catvaheguh ahichrit 1evey & dsplayedhie frdmdi(r e C0i I, the rahgpef pdhdileasliamwhiah t he
line of sight, on the basis of the VOXCI information stored in the voxcl
informatipon storage segti 10, e.voxel | | .stored.i Y abe

ot or agh <Ry Tl RERaTE R bhe G DT P s TS Radh bty

i nformati on storage section 12, The vol une rendering cal cul ator 13 then

di spl aysfrarhi3é te & ¢/, and dre mesud it CT Oalsea@Dvhinmbencon dishkyedd sghay 590 torhe

vol unme rendering calculator 13 is connected to a depth detector 15 via a
bus 164909y, The depth detector 15 neasures a ray casting scanning

di st ance (I(_iIl scussed below), and is connected to a depth controller 17 and a

voxel |abel setting section 18, . The voxel |abel setting section
18 ¥ s connedhedolumetrpredeyiog shlcilatns|13 se@tispganioantticorabent a ity of disetat on
voxel | abel cal cul ation and display unit 19. In addition to the

above- pBitl AREdalGh HEEZ ARAGBH LAY pEREEHERRODL HSlIANGK 8R! dh debags of thé:5, the

bus 16 i's connected to the color information storage section 12 and a

wi ndow coor di nate acqui sition section, 20, and displays 3D ipages and the

li ke oMorshafgmgionptoedm the oy dnfermatiqyriqragessechigiut Q-dbe Y‘?’%%ﬁ]étﬂr@ Bdard 3,
the nouse 4, the tablet 5, etc. 20The wi ndow coordi nate acqui sition section

20 is grrpeelieskikRridiaceant N detietdor hforatdon seeddin thadQsmatdrantiset t i ng
section 21. The color information setting section 21 is connected to the

color information,.storage section 12 in he nory 9 . FTGS. .ba and
Sb ar e R PGIIOPI Gnc N DL BN ey ol SRR SPPIaHS (s Solation pony
simul ation device in this enbodi nent. As shown in FIG 5a, with the
pet&onad a 8Driprgeon theidispldy & Eindodinme iéndefing sdleulator $3 éqpcoBhectadtonediptioned
above, tomegraphic image information is inputted fromthe tonographic inage
formati qn.3€ ﬁéi%%b%s%d this is supplied to the \Tonei information
extracgor 7 Xt, Tn S2, vox.el information is extracted fromthe
t emegraphi c i mage i nformation

The depth detector 15 measures a ray casting scanning distance (discussed below),

and is connected to a depth controller 17 and a voxel label setting section 18.
The voxel label setting section 18 is connected to the voxel label storage section 11
15 and aresection voxel label calculation and display unit 19.
In addition to the above-mentioned volume rendering calculator 13 and depth detector
15, the bus 16 is connected to the color information storage section 12 and a window
coordinate acquisition section 20, and displays 3D images and the like on the display 2 on the
basis of what is inputted from the keyboard 3, the mouse 4, the tablet 5, etc.
20 The window coordinate acquisition section 20 is connected to the depth detector 15
and a color information setting section 21. The color information setting section 21 is

connected to the color information storage section 12 in the memory 9.
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by the v xel information extractor 7. The extracted voxei information is
stored via the tonographic inmage information acquisition section 6 in the
vox& i nformation storage section 10 of the nenory 9. The vexel infonnation
stored in the voxel information storage section 10101s i nfornmation about
the points that make up 1 (x, y, z, a), for exanple. there is brightness

i nhumat i on fFOGS S5 chdPbi ané Sont2o] flyweBdreh idudraging doy dhicraioa of dienfustingand a i s
transparency information. Next, in S3, the volunme rendering calculate 13

calculatqﬁ_gnfgrnatiag abgq% a plurality of slices that are perpendicul ar
to the P HEBFILiGH? "dneap “?8§u|ar|y spaced, on the 15 basis of voxe

information stored in the voxel information storage section 10, and

acqui res a sishewimi BIGrefai with greopepsonThenghitard inrihie emibiliorengfospin get hen
stored, at least tenporarily, in the volune rendering cal cul ator 13.

The abqyve: ' "N | : i I l'ine of
oi gt » SeioilcAPEEhover e TRl o Ahadeits PRARRIRL AP Lorh it | LT
instance,in a state in which the 20display 2 is stood up vertically and

vi efed impageain§ramdon sechen Sganpldhislis supplied thie ypesherfosndtipnextmpier € i ce
information is in a plane that is perpendicular to the Iine of The

i nformati on\gbpul g8 %Hfiﬂ%dr%ﬁﬁg@fs(e%’ttﬁ&@@ fbhiSe RRLGASE: I USRSmhiLr mMat i on

about the polnts constituted. X, Yy, z, a), as nentioned above. Thus,
the slice information conprises a plurality of voxel labels 14 disposed in
the z &V ithscyasshinfrmeienaxiastqr /g The, extragted x s irformaiiongs siapidiga 81 \ Foxe. !

| abel s 14 shown in FIG 6 is stored in the voxel |abel storage 5section 'IL

for ex @d’fﬁd)@scig]hic imageNBMrmatith Ruisaidneeeledd b thergeel iisfotth&inay@doodectibie
di splay 2. the display 2 at this point an organ that will serve as the

mouse 408F UErRert o BabSeRmERioF BAGE BroP S briEaR iR dop e S Bn
di spl ayed as shown in FIG 7a,

10 10 is information about the points that make up I (x, y, z, o), for example. [ here is
brightness information for said points, x, y, and z are coordinate points, and o is transparency
information.

Next, in S3, the volume rendering calculator 13 calculates information about a
plurality of slices that are perpendicular to the line of sight and are regularly spaced, on the

15  basis of voxel information stored in the voxel information storage section 10, and acquires a
slice information group. The slice information group is then stored, at least temporarily, in
the volume rendering calculator 13.

The above-mentioned "information about slices perpendicular to the line of sight"
means a plane that is at a right angle to the line of sight. For instance, in a state in which the

20  display 2 is stood up vertically and viewed in a state of being parallel to the viewer's face, the

slice information is in a plane that is perpendicular to the line of sight.
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10in FIGS. 7a to 7c, 22 is a kidney, 23 is blood vessels, and Cis the cut
portion (discussed below), That is, in this enbodinment, we will assuiie
that a sinulation of surgery on the liver 22 is to be perforned. As
shown in FIG 7a, when a typical cutting sinmulation is perforned, the

di splay displays the state after part of the liver 22 or part of the bl ood
vessel s 23 iThelinfdeshtion abbet aopliraliSpef dicenth@ bistsinbé erhaias inrdonwmtipo abowpeci fi ¢
dept h. In this enbodinment, in performng this cutting sinulation of

he Ii 2 i formed as. foll in.th
por 1 off bR oBOBH L BLECPE 53D CROnAR RS, A P SR RIEREr i C "

di spl ayed on the screen of the display 2 in performng surgery to resect
part oftompesdsiayduraly,of208pdebhdls thadisygsed m 58 Z ditestipmasehoayn iethid(, 6.ifer used to
set the CI 7 values corresponding to the organ or the like that will be the

cutting, ohjjeCty,| Ly WG FAU AL QR iPRE VHR8 155E] Vidlages
corresgé%g$%gﬁP%Q¥ﬁ§ﬁﬁﬁ%§% %éé%% %P h@gn?ﬁgy¢?ﬁg9?%ét wﬁl?gbe thezg%
non-cutting objects. This setting of the cutting object and non-cutting
obj &ct seqigy lhefosexonplei shed by using the keyboard 3, the nouse 4, the

tablet 5, or anything el se Next, in S6, the nmouse 4, etc,, is used to

gi ve a cuttiNagy N84 HEhi@he iHdst istsphyled ohliBe 8i8hlhj 19 O tht H%pﬁthtdtﬂQSObl ect
and non-cutting objects, the input section used to input the 5cutting

i nstructjons may be the keyboard 3, %he mouse 4, the tablet 5, or anything
el se. Ppoint an pegag thab aahl seree Apths sHttng oL sehiRltend? & Bt enbryiip ﬁ?@[@ﬁtﬁﬂ, t he
mouse 4 is noved horizontally over a desktop so that the cursor displayed

on thep iu§iﬂ%@h/e RoRVES HPlIROD disWateArat@ SfIET Vathits, andithid ghiisplayeens t he
live( 22. The left/right or up/down novenment of the nouse 4 here is

detect %}?ov%}/ int lpl%r \%,neg[igw
10 In FIGS. 7a to 7c, 22 is a kidney, 23 is blood vessels, and C is the cut portion
(discussed below). That is, in this embodiment, we will assume that a simulation of surgery
on the liver 22 is to be performed.

As shown in FIG. 7a, when a typical cutting simulation is performed, the display 2

displays the state after part of the liver 22 or part of the blood vessels 23 included in the cut
15  portion C has been cut down to a specific depth.

In this embodiment, in performing this cutting simulation of the liver 22, control is
performed as follows so that where in the cut portion C the blood vessels 23 shown in FIG.
7b are present can be displayed on the screen of the display 2 in performing surgery to resect
part of the liver 22.

20 Specifically, in S5, the mouse 4, etc., is used to set the CT values corresponding to the
organ or the like that will be the cutting object in performing the cutting simulation, and the

CT values corresponding to the blood vessels 23 or the like that will be the non-cutting
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10 coordi nate acquisition section 20. This information is transmtted

t hrough the depth detector 15 to the voxel |abel setting section 18 and the
voxel | abel storage section 11. Consequently, cutting is perforned that
takes into account the positions of the liver 22 and the bl ood vessels 23
in the Z direction. Mre specifically, the volune rendering cal culator 13
sanpl esbj¢e eThisré@nhgor tHerutingldhjdce gl aon-cunting viskas haydedbcealished by
perpendicular to the line of sight (this is called ray casting). The vol une

renderin al.cul at 3 then,use dept h.detector 15 in S7 to detect the
ray cag?ﬁ%ﬁwéﬁﬁ %¥§§J§F§F%ﬁ%éﬁ§8§%%ﬂ§=?%ﬁ“ﬂPPg?%% poi nts found during
movenment of the npuse 4. Then, in 88, it is determ ned whether or not

t he proport Neriain $hangmoiise 4, lkics, islegtdro igsvew duiting iasteypgionf est paneb th20Mor e
specifically, the ray casting scanning distances d neasured by he depth

ar aci oh a0 EE e RE B iR R e M Sl R PR ot T

cutting needs to he executed. For exanple, if a gradient Vt at a cutting
poi ht  pitting instreeticas nmydwstibt Keybvard: héhemprsery tsorblet §.9r deethed dlssval i d, and
no cutting is perforned. On the other hand, if the gradient Vdi at the

cutting poi R aQPeéiﬁc WetH¥dTFof frl}g ﬁiﬂ%%%ﬂﬁlr%sﬂgtrlfcﬂgnﬁ% tolg PRIAGvdds deened
valid, and cutting Is perfor g In S9, to the threshold T, the threshold

Ti is determ ned on the basis of a nmultiple $coefficient in andgaradient

aver agbonzgmtailyysbefesstorcgtthatibe papeitdsnlavedondhs darlay 4teo%Fs 8P A §OVBr each
cutting processing.

or to the left and right, over the liver 22.
The left/right or up/down movement of the mouse 4 here is detected by the window
10  coordinate acquisition section 20. This information is transmitted through the depth detector
15 to the voxel label setting section 18 and the voxel label storage section 11. Consequently,
cutting is performed that takes into account the positions of the liver 22 and the blood vessels
23 in the Z direction.
More specifically, the volume rendering calculator 13 samples voxel information at
15  regular intervals in a direction perpendicular to the line of sight (this is called ray casting).
The volume rendering calculator 13 then uses the depth detector 15 in S7 to detect the ray
casting scanning distance (depth) for all the points found during movement of the mouse 4.
Then, in S8, it is determined whether or not the proportional change in this depth is
within a specific range.
20 More specifically, the ray casting scanning distances d measured by the depth detector
15 are tabulated, and the gradient Vd thereof is calculated. The gradient Vd is compared with

a threshold T to determine whether or not cutting needs to be executed. For example, if a
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The nultiple coefficient mand the cutting point n may be suitably set
according to the i mage being processed, with their nunerical val ues
bei ng about 5 for in and 10 for for 1l0exanple. in this enbodi nment, as

di scussed above, whether or not to performcutting is determ ned by
conparing the gradient Vd and the threshold T. cal cul ated on the basis of

nul ti phedraeili ghenitingpad pf Rever atirenblday ehagettihgpoint Bultbeed afvatidf ti ng
points in the imediate vicinity, and using the result as the proportional

change. w the proportipnal .ch i s.cal cul at is not limted t.o the
above. kP e Rrehp b rOr drrand ta i Pe AT 4 BBC kRO B nf en
change state can be confirned, Also, it is preferable if the

t hr eshefittlinTthé shreshiotd bl the cattinggpoar ¢odetinreg viabd tdnd cottmgacpafirseidds SBf t he
organ serving as the cutting object, This allows accidental cutting to be

avol ded mor 3¢ auNALSlold T2REMENDIE ¥ 4108 RE S WA Tatagafan0ve, a

poi nt havi ng a proportiona nge ovVer a speci resh deened an
invalid cutting point, and the depth controller 17 issues an instruction
t 0 1 hecoaffieknt rabad gedient agpragedi pnumbe: of CoHawquerts injthe ipaadiag/ienity he voxel
| abel s is halted, and cutting is not carried out. Thus, accidental cutting

can beﬁﬁ%gap&HﬁMQQQC&Qﬁ-qepth detector 15 has detected a mati ng poi nt whose
dept h position changes Suddenly due to operational error by the physician,

or ot her user. feil

T,=m Y Vd,|/n
k=i-1-n

The multiple coefficient m and the cutting point n may be suitably set according to the
image being processed, with their numerical values being about 5 for m and 10 for n, for

10 example.

In this embodiment, as discussed above, whether or not to perform cutting is
determined by comparing the gradient Vd and the threshold T; calculated on the basis of the
multiple coefficient m and the gradient average for n number of cutting points in the
immediate vicinity, and using the result as the proportional change.

15 How the proportional change is calculated is not limited to the above, and any
calculation formula may be used so long as the gradient change state can be confirmed.

Also, it is preferable if the threshold T is suitably varied according to the
characteristics of the organ serving as the cutting object. This allows accidental cutting to be
avoided more accurately.

20 In the cutting processing discussed above, a point having a proportional change over a

specific threshold is deemed an invalid cutting point, and the depth controller 17 issues an
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Here, the phrase "cutting is perforned" neans that the vox& | abel setting
section. 18 updates the voxel |abels and stores themin the voxel | abel
storage section IL That is, when cutting is not perforned, the vox. el

| abel s do not ch ge, Therefore, when the cursor is noved over the
liver 22, the system avoids accidentally cutting the backbone or the |ike

| ocat ehstruétidned thdivoxehlabbli stt@Sectionn 8. rag8equaniiupdatay ¢f thé vt labelsiiver 22
has been cut is displayed accordi ng to how many tines the nouse 4 has been

noved the |eft and t. or st ate | e
ver b nd Giind ol iRk Site RSl en i srarby e Pigey BB ISR e
l'iver 22 when information fromthe w ndow coordinate acquisition section 20
i s sentletettoo Ufhast deeeceal cosuttiing protawhasa dspthtpiosigios ebdrigemnsiRitlenly duhéo col or

i nformation storage section 1512. The "color information setting section

21" her&”gﬁﬁﬁf? ﬁgrhﬁﬁdﬁﬁg%mﬁ ?ys what is known as a | ook-up table.

That is in this enbodi nent, as d| scussed
above, there is |nf ormati on about the points constituted by 1 1y ,
andd di f f er ehleres Sleqrhrisaf"ovthrag isarerfanded’ymepns ieas sha yifxst lateli ssttmarsectw@t 8ahead
time by the color information settlng section 21 for the surface and the

interi ﬁﬁda’ﬁés t}'l@%)tél Ya%'féls?a%d s %‘tﬂeWOﬁlalfla léﬁ)%%e%@ﬁ(ﬁ{ 1 ONTHAEH GAkES

cutting t Iver rom-t esu ace the cut portion C will

he di spl ayed as being clearly different fromthe surroundi ng col or

accor dpwynwItqtéeﬁ@rgteéletmfw%l@bqlmdq Pefghange. Then, in 510 and 511, the
color information |abels and voxel information (voxel | abel val ues) of the

portion of trhgretdid &iheddhd Ed6orGH tidvBE o PRitBSLiYerOQl 1R SPandiangids acditetaut
portion C are updat ed. FIG 6 shows an updated state of the col or

per  onEHHAE Ui EKEE ChAaieoore FHBoydx o (HABEF Siaege T HOCOE) X & bei ng
ina"l " state, that is, the surface state of the liver 22. Also, in FIG
6, 1(por tiva s bkadcuid (ﬂispl'e'tﬁl%'d dcoctidirgtte howt muoxdhss the mouse 4 has been moved
to the left and right or up and down.
A state in which the liver 22 has been cut can be recognized from a change in the
color of the liver 22 when information from the window coordinate acquisition section 20 is
sent through the color information setting section 21 to the color information storage section
15 12. The "color information setting section 21" here means a converter that employs what is
known as a look-up table. That is, with the personal computer 1 in this embodiment, as
discussed above, there is information about the points constituted by I (x, y, z, o), and
different color information and brightness information are set ahead of time by the color
information setting section 21 for the surface and the interior of the liver 22. Consequently, if
20  user operation indicates cutting the liver 22 from the surface, the color of the cut portion C

will be displayed as being clearly different from the surrounding color according to the

degree of this cutting.
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In this enbodi nent, as di scussed above, -voxel |abels corresponding to the
iver 22 and the bl ood vessels 23 are stored in the first voxel |abel
storage section | la and |ib of the 10voxel |abel storage section 11, and
the color information |labels are stored in the first color information
storage section |I2a and 12b of the color information storage section 12.
Thus, when @herd, is§ugid SN, flarcoburtihfongatéorplabdls efd vdwel Infereratiz@ (hyxket kéehouse
4, etc |s |nputted since the liver 22 is the cutting object, in SIOthe

bor 1 obaEe0pY FRaeTTaR boltVored AR HER B BEE o R Go YR ARPOIRR CL% R

color information |abel of the cut portion C of the liver 22. Consequently,
as shouwe updattli.G. 7a the interior of the liver 22 fromwhich the Cl A portion
C of the liver 22 has been teseeted is displayed on the screen of the

display 2 1 i@ POl pflh SR ROLRG: E@MMiRLAL ahbhesibiagglof Lhe

liver enbo the t portion Cof the liver 22

|ncIudes t he bl ood vessel s 23 20desi gnated as_non- cutt|E9¥fbjects in 55
above, whhecwiting bracessates's oerfetmedp b dhamaivansoizbe ¥msMpbets d astherra e
i nterchanged at the cut portion C, and are displayed in a portion of the

cut p%éihgthaﬁ Wit B QHLt iUNEEEIREE SafeWithd By ROC 235, MIFIGS, h@IMAs marlkdG,  7c.
More spectfically, in SI2, for the blood vessels 23 deS|gnated as

non- cuttlnB objects, after cutting processing, the voxel information and
col or o @ @t Vo¥Rls-cut portion C and the voxel information and col or
informati on of the blood vessels 23 are interchanged. Consequently, only

t he porti onyofhid digbddiment, 22ibdiesddd®dvd, vokdldatld cop@spiralingofibe livéri22l 5a
cutting instruction was inputted IS displayed in a cut state, and the bl ood

S at o, abihg onvgscty 27 e dged Huhe Rl BRI P! el 1ORPTITT ) FTRMBECL i ng

obj ect (the cut portion O, the physi cian or other person performng the
sut@er yosdl lablehitbnge samos ilidddahe cvist infehatien Wibehs ae ghreddh itheyfiist cqderopl e
i ni brmation about where in the cut portion C the blood vessels 23 are

|Sg;: a]'E g? ff)l%‘lgé%{op\;goiragfzsectlon BTG BB e th S NG h S B RbraE O bQioh 1hOr mation i's
Thus, when an instruction for cutting a part of the liver 22 by the mouse 4, etc is
inputted, since the liver 22 is the cutting object, in S10 the voxel label setting section 18
updates the voxel label values for the cut portion C of the liver 22, and at the same time, in
15  S11, updates the color information label of the cut portion C of the liver 22. Consequently, as
shown in FIG. 7a, the interior of the liver 22 from which the cut portion C of the liver 22 has
been resected is displayed on the screen of the display 2 in a slightly different color from that
of the surface of the liver 22.
In this embodiment, if the cut portion C of the liver 22 includes the blood vessels 23
20  designated as non-cutting objects in S5 above, the voxel labels of the blood vessels 23 shown
in FIG. 7b are interchanged at the cut portion C, and are displayed in a portion of the cut

portion C without undergoing cutting processing, as shown in FIG. 7c.
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(cutting object) and the bl ood vessels 23 (non-cutting objects), the

| ocati on and shape off the bl ood vessels 23 displayed in red can be nore
accurately recogni zed, as shown in FIG 7c. Furthernore, in this

enbodi nent, since the start and end of cutting are switched by clicking the
nouse button on and off, for exanple, the physician or other user drags the
15 nouse 4 Wdrbspdadficanysie S0} fopthedlo@keadsadn?3 whidratddas kbnguaingtobgec8D

di spl ay screen, which allows the cutting of the intended partial region of

the livegr 22.to be carrjed out easily and continuousl . inthis
enbodi HEMeoRikisasrEhe S eSbinghyRB LeSh MeaMBE el ine syt patefh Elind O ner
to the personal conputer 1 is off, Wen the physician or other user starts
dr aggi tig wolxel idfbrmmatisreart] adhor iefonahtlomof tHewlvot vessauSerbinterdmnggdist t he
information in the volune rendering calculator 13 is updated in the e tory

9, which proyj e e i <] I -1 1 i tion.
Here, vol urrg\éh%ggfid}f ﬂllziill? %fzrlier ﬁér 1§r|1 ﬁE%ﬁS gfé@l %ér/glcgltgrgr%g{r:tglé ¥Ftyl st %¢ ggofm{ﬁ? out
updating the menory 9. Wen the user thenel eases the nouse button, the
menr ya cuiting mstubiaen waslinpeieed is dispbived il yc@smtednd herbdgadevaseds 2h t he nenory
9. Consequently, a display can be obtained in which the liver 22 (the

cutti nggsfr?%a?éate)s nlaﬂ%ugﬁ'%;bbﬁ%s HOWRpTaQe RirCRI Rt P]R af QM I Bs@Uhtake 1 n Sa

simle g operation user, and display of an excessively cut state
can be prevented. . Also, in this enbodinent, the voxel |abels are the
sane sparéonthedivar 3ihes isle opEing obigst Ghealingrliomut treoPhyRisheE ofhsE BeiPRci se

cutting, voxel labels nmay be produced in a smaller size. Wth this nethod,

the ti ﬁé&%rﬂiﬁ%ﬂfe@fée%nsihﬁlldﬂi@h cohh EiatilltafeRElytBehe viflda plur@ity bf peopid i on i's
assigned to the voxel |abels, which nakes possible operations such as undo

and redo. 10 so, jin this enbodi t,.surgical .sinulation can be
perforﬁﬁﬁmﬁ@PEI oW WhEES | eFWéxﬁBﬂgéqqs?moégﬁﬁaﬁgﬁa%é?ﬁ#% . Thus, the
proper surgical sinulation can be perforned fromthis standpoint as well.
O her Enbodiam®@niisthis embodAneredingt diffatenodolbhefgpmesenis seinfve titel lorr AAS

descri bed above, but the present inventionis not limted to or by the

? Pg\r%et Cénlj?[&dglsq%?%#)’ ‘Tﬁgg‘f ﬁ@rgh S’?S(S?ﬁl%?:&f 81?-"&%8& %bj%{:t%), %)esl%izglo% a\ﬁidtsﬁ%étofﬁﬁr%ar ting
blood vessels 23 displayed in red can be more accurately recognized, as shown in FIG. 7c.
Furthermore, in this embodiment, since the start and end of cutting are switched by
clicking the mouse button on and off, for example, the physician or other user drags the
15 mouse 4 with the mouse button clicked on, while looking at the 3D display screen, which
allows the cutting of the intended partial region of the liver 22 to be carried out easily and
continuously.
Also, in this embodiment, the updating of the memory 9 can be performed when the
power to the personal computer 1 is off. When the physician or other user starts dragging the
20  mouse 4 while holding down the mouse button, just the information in the volume rendering

calculator 13 is updated in the memory 9, which provides the user with a visually interactive

cutting function.
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In the above enbodi nent, an exanple was described in which the present
i nvention was realized as a cutting sinmulation device, hut the present
invention is not limted to this, 20For exanple, the present invention nay
be realized as a cutting sinulation programthat causes a conputer to
execute the control nethod shown in FIGS, 5a and 5b. Furt her, the

present i nveltd, OflufRYaligs theedrt Beglg aSedart @g@fdthily stoeell wWithditalpd sty @s this
cutting simul ati on program (B) |n t he above enbodi nent, an exanpl e was

RS L SN R

vessel s 23 were interchanged after cutting processing of the bl ood vessels
23 destegnateiy amrddie refomtedun thengembiyek t Sonsbaentlhen gisglspnin bawteganedm i s not
limted to this, For exanple, just the voxel information of the cut

PO" tF O TR oS EARGE A o By o0 LRI A0 AT b BATEYE 1O

objects easi er
to see the blood vessels that are the non- cuttln? obj ect s, |t is preferable
al s t esingtesirehopryatianiey tholuear, andf dspiat ofom excetshelhon s eandg rodjeatsds f or
which different color information is set fromthat of the cutting object.

(G 15int R?sgaﬁlot‘ﬁ?s SRdh &R e vﬁz@el?ﬁ%l@r@tﬁéﬁsﬁm@sﬁ% ki WHasboan X-ray CT

i mage was used’as the tornogra.phic image Information for formng a 3D

i mage, but the present invention is not limted to this
information, but to express more precise cutting, voxel labels may be produced in a smaller

size. With this method, the voxel information is not directly edited, and time information is
assigned to the voxel labels, which makes possible operations such as undo and redo.

10 Also, in this embodiment, surgical simulation can be performed merely by moving the
mouse 4 in a planar fashion. Thus, the proper surgical simulation can be performed from this
standpoint as well.

Other Embodiments
An embodiment of the present invention was described above, but the present

15  invention is not limited to or by the above embodiment, and various modifications are

possible without departing from the gist of the invention.

(A)

In the above embodiment, an example was described in which the present invention
was realized as a cutting simulation device, but the present invention is not limited to this.

20 For example, the present invention may be realized as a cutting simulation program

that causes a computer to execute the control method shown in FIGS. 5a and 5b.

20



For exanple, a 3D inmage nmay be fornmed using to graphic inmage information
acquired by magnetic resonance imaging (NI RO that does not make use of

radi ati on. 20(D) in the above enbodi ment, an exanple of the cutting
sinmulation pertaining to the present invention was given in which the liver
22 was designated as the cutting object and the bl ood vessels 23 as the
non- cut t i NgF @@ Cths preletlt iftiBA 8RO e rbdlv8Mhi HRecb&limOinediufi thedktdres thd s.  For
exanple, the cutting object may be the stomach, a lung, a kidney, the
pancreas, 5the |large intestine, the small intestine, the duodenum or
anothe?“@?%%ﬁ?ﬂ%FmgﬁﬁgwnAlternatively, when the sinulation involves cutting
out a tunor or the |ike present near nerves or bone, then nerves or bone
may be set ¢s) the non-cutting. objects. Al so, if even the type of

bl ood vessel is designated as a non-cutting object, it will also be

possi bl e to, display i iLfferent colors so that, ayter.i d_vei an be
di stinguis h@dtthe EL}O%(%@? B3 %Pe%’iaa}%et W?isggl(‘.‘,ern Wa‘fvﬁlgé &he(\éél %?ormaﬁ%;ﬁ ‘sﬂtl(ﬁe above
enbodi ment, an exanple was given in which brightness information and col or
i nfr madlooinfabatibn bhthe duspdrayn Ohjndche vexebinfanintivarineé doloninftrenation of theabel s
14 designated for cutting by the nouse 4, but the present invention is not

i nf or noP SR 22 e g AL F b B G By L R ey

designated as the non-cutting objects, but the present invention is not limited to this.

For example, just the voxel information of the cut portion may be interchanged with
the voxel information of the non-cutting objects.

10 However, as shown in FIG. 7¢, in terms of making it easier to see the blood vessels
that are the non-cutting objects, it is preferable also to interchange the color information of
the non-cutting objects for which different color information is set from that of the cutting
object.

©)

15 In the above embodiment, an example was given in which an X-ray CT image was
used as the tomographic image information for forming a 3D image, but the present invention
is not limited to this.

For example, a 3D image may be formed using tomographic image information
acquired by magnetic resonance imaging (MRI) that does not make use of radiation.

20 (D)
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In the above enbodi nent, the cutting anmount (volune) inputted with the
nouse 4 may be di splayed on the display 2 as the output of the resection
voxel | abel cal cul ation and 20di splay unit 19, which cal cul ates the vol une
of the cut voxels. Alternatively, the cutting depth inputted with the
mouse 4 may be di splayed on the display 2. (3) In the above

enbodi ment , [;aMe @X S 0NRE1E] MEEKkahipINGH 86 c@tig binhuNgicsi frhREA O thas
performed while the user | ooked at a 3D i mge di splayed on the screen of
the display.2, hut the prese invention.,is not. linjted to.this. For
! BeSE senBitosEaBHPE I Waish taycba2 s edeniebiite S5y PRisgent b ont i ng
the results of volunme rendering, and the cutting operation perforned on the
2D t onblobaphiselsi2Bmgehe non-cuttiHey €jagaibog the pecsenttinvengios ismdtainicd tb shiper f or med
so that the cutting operation is reflected by the 3D i mage, 10(-4) In
t he present invention, the caglor infor ion,settin ian y be

pr ovh ded t nhe" SaRpYs Pe RIS ot BB AT SILY SRRy 28 piar S
information storage section 10 into a 21) or 3D inage and displays it on

t hes di gpllage Mitesting, thhamalt haergies, thi duadshom, prdrotheaigan, @fbonke portion of the
cut portion C displayed on the display 2 that is designated with the nouse
4., . i Vi i i I . j.on that

pot her & FRAT YT n Sl iyl Lulile GRS orfoR R Lk PR R o on ¢ he
di splay 2, and a grouping of voxel |abels 14 may be stored in this stare in
t he vowraied atheonesher agyeess@donemay be set as the GynewgogAbIEYS. i nf ormation to

whi ch col or information has been added is reflected in a nultipronged

di spl ay ext nagt gdvEs @RI S Y1y I8 hOfksighBa as b hbs-cRRbioBfecfit Wit g§esSt i n.
the 20cutting object can be viewed stereoscopically fromall around, and

this cutting simulation can also be carried out,, e
be possible to display in different colors so that arter?es anaI veins can be distinguished, by

10  suitably designating CT values.

(E)

In the above embodiment, an example was given in which brightness information and
color information about the display object were both varied in the voxel labels 14 designated
for cutting by the mouse 4, but the present invention is not limited to this.

15 For example, just brightness information or color information about the display object
may be varied, or both.

(F)

In the above embodiment, the cutting amount (volume) inputted with the mouse 4
may be displayed on the display 2 as the output of the resection voxel label calculation and

20  display unit 19, which calculates the volume of the cut voxels.
Alternatively, the cutting depth inputted with the mouse 4 may be displayed on the

display 2.

22



(1) In the present invention, it is also possible to sinulate
endoscopi c surgery. In this case, the convergence characteristics of a
fisheyc lens or the like provided to an endoscope may be used as a

coordi nate conversion table in the volune rendering calculator Il (.0 In
the present invention, it is also possible to produce a stereoscopic inmage
by having a(@jurality of viewpoints, storing in a plurality of nmenories the
out put i mage of the volunme rendering cal cul ator 13 produced for each

vi ewpoi nt, and dj spl ayi this output successively fromthe nenories. in
this case, ﬁ“ ﬁ?"F &h?‘g’ e&ﬁ@ﬁﬁ?nqg%’gﬁiagﬁ?%wast HECH }W‘@I%FK ﬁtcutg’rng SUTHERPDRY ed t o
the i mage 10out puts nmay he used. | NDUSTRI AL APPLI CABI LI TY The cutting

si mul apérfornedwitile thé udee lquked eint 31D mvegy digplayraisornt the setdrect thoflisplay Awbutg an
actual surgical procedure to he expressed in detail by visualizing the

bl ood yessel s,. nerves d so forth that are present inside the cutting
th ?gﬁ%?éqg%%%€9§%§to have broad 15applicability as an

obj ect "CARG TSt
apparatus for cutting simulation in surgical operations. REFERENCE Sl GNS
LI ST | per sboadxaopig a8 tofrmgtaphivg nsigermiaathieamojdesod eefp a 3D image indicating
the results of volume rendering, and the cutting operation performed on the 2D tomographic
image.
Here again, the cutting simulation is performed so that the cutting operation is
reflected by the 3D image.
10 (H)
In the present invention, the color information setting section 21 may be provided that
converts the voxel information stored in the voxel information storage section 10 into a 2D or
3D image and displays it on the display 2, and that changes the color information of the
portion of the cut portion C displayed on the display 2 that is designated with the mouse 4.
15 That is, a color may be intentionally added to a portion that bothers the physician, for
example, in the cutting object displayed on the display 2, and a grouping of voxel labels 14
may be stored in this state in the voxel label storage section 11.
Consequently, information to which color information has been added is reflected in a
multipronged display extracted from this information. Thus, this portion of interest in the

20  cutting object can be viewed stereoscopically from all around, and this cutting simulation can

also be carried out.

@
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2 display (display unit) 3 keyboard (input section) 204 nouse

(i nput section) 5 tablet (input section) 6 tonograpine inmge information
acqui sition section 7 voxel information extractor 8 tonographic inmage
information section 9 nmenory | O voxel information storage section 11 voxel
| abel storage section 11 a to 11c first to third voxel |abel storage
sections 1271 leQiresent i@t emion0i isSdlQy p@sibkaotsimumatt 3ndedcupie sugpderinngs

cal cul ator 14 voxel | abel
case, the convergence characteristics of a fisheye lens or the like provided to an endoscope
may be used as a coordinate conversion table in the volume rendering calculator 13.
Q)

5 In the present invention, it is also possible to produce a stereoscopic image by having
a plurality of viewpoints, storing in a plurality of memories the output image of the volume
rendering calculator 13 produced for each viewpoint, and displaying this output successively
from the memories.

In this case, a liquid crystal goggles or the like that are synchronized to the image
10 outputs may be used.
INDUSTRIAL APPLICABILITY
The cutting simulation device of the present invention has the effect of allowing an
actual surgical procedure to be expressed in detail by visualizing the blood vessels, nerves,
and so forth that are present inside the cutting object, and is therefore expected to have broad
15 applicability as an apparatus for cutting simulation in surgical operations.
REFERENCE SIGNS LIST
1 personal computer (cutting simulation device)
2 display (display unit)
3 keyboard (input section)
20 4 mouse (input section)
5 tablet (input section)

6 tomographic image information acquisition section

24



1015 depth detector 16 bus 17 depth controller

section (display controller) 19 resection voxel | abel
di splay section 1520 wi ndow coordi nate acqui sition section 21 col or

information setting section 2la to 21c first to third.

setting sections fin 23 blood vessel
sinul ation dexxerinfGRiFRbA Sktiior

20C cut portion

8 tomographic image information section

9 memory

10 voxel information storage section

5 11 voxel label storage section

11lato 11c first to third voxel label storage sections

12 color information storage section

13 volume rendering calculator
14 voxel label

10 15 depth detector
16 bus

17 depth controller

18 voxel label setting section (display controller)

19 resection voxel label calculation and display section

15 20 window coordinate acquisition section

21 color information setting section

2lato 21c first to third color information setting sections

22 liver
23 blood vessel

20 C cut portion

25

18 voxel |abel setting

cal cul ati on and

color information
CLAI M5 A cutting



a tonographi e image i nformation acquisition section configured to acquire

torrographi e i nmage i nformation; a nenory connected to the tonographie
i mge information acquisition section, configured to store voxel
i nformati on about the tonographie inmage 'formation; a vol une

rendering cal cul ator connected. to the nmenory, configured to sanple 'oxel
information in a direction perpendiEAEVSto the line of sight, on the basis
of the voice" information; 10a display unit cot figured. to display

cal culation,results 'fromthe volune rendering cal cul ator; an i nput
secti oh wi t A HIESIHRLPE EYI6hEOMBFSIB8t t i ng a cutting object displayed on
the display unit is inputted; and a display controller configured to

di spl ay on & hendlirsgii@imapriihfoihetiat aqusitoh sebt@nounfipngd iSedjueet aft er
cutting on the basis of the cutting instructions inputted with the input
sectiop, and.displ ayi on-cutting objects included inside the cutting

obj ect?onb%r@?éc’é“?asgﬁ?{%@g‘ﬂ%f(}n’i n a pre- cut state even after cutting, even,
when included in a cut portion according to the cutting instructions 2.The
cutiing si nuhamoncadeced tatedonbggphio iGhgs mfdrmagonhequesingn sectipie
non-cutting objects are included in the cut portion, the display controller

o | R ARE A ISISPRIPR HhosBlngale o (he
a volume rendering calculator connected to the memory, configured to sample voxel
information in a direction perpendicular to the line of sight, on the basis of the voxel
information;
10 a display unit configured to display calculation results from the volume rendering
calculator;
an input section with which instructions for cutting a cutting object displayed on the
display unit is inputted; and
a display controller configured to display on the display unit the status of the cutting
15  object after cutting on the basis of the cutting instructions inputted with the input section, and
displaying non-cutting objects included inside the cutting object, on the display unit in a pre-

cut state even after cutting, even when included in a cut portion according to the cutting

instructions.
o The cutting simulation device according to Claim 1,
20 wherein, if the non-cutting objects are included in the cut portion, the display

controller switches the voxel data for the cut portion with voxel data for the non-cutting

objects, and displays the result on the display unit.
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The cutting sinulation device according to Claim11 or 2, wherein color
information is added to the voxel information corresponding to the cutting
obj ect and the non-cutting objects in display on the display unit and the
di splay controller displays the non-cutting objects on the display unit in
a different 5color fromthe color of the cutting object, 4. The cutting

si nul agj on dRYi@En@siaadiondlelRe abdordhg € giam® 1lort) 3, wherein a range of CT
val ues I ndicating the extent of spatial X-ray absorption during X-ray

irradiation of a subject is set for the culli bj ect and.th on-cuttin
obj ect s, an?fi’%?rl‘?la"1 %ﬂT%Jdpéﬂ?méB?ﬂ P&pfl‘é‘{ tO&F%ﬁ?’gilzg‘fgﬁéa%é’bﬁmg?%gltntgﬁ%gl “obj ect agd
non-cutting objects on 10the display unit on the basis of the C 1 val ues

i nput t egting abjettendniputors@atin®objeds inldieplaydt itregligilapulat, moh devi ce accor di ng
to any of Clainms Ito 4, wherein the cutting object includes an organ or

where] . n t hEeimeiRe AT BUER (RN ERuErEREEL T R fidsp bl Firelerh©
cutting sinulation program for causing a conputer to execute a cutting
si nul atelonfrom the color of the cutting object.
4, The cutting simulation device according to any of Claims 1 to 3,
wherein a range of CT values indicating the extent of spatial X-ray absorption during
X-ray irradiation of a subject is set for the cutting object and the non-cutting objects, and
the display controller displays the desired cutting object and non-cutting objects on
10  the display unit on the basis of the CT values inputted via the input section.
ot The cutting simulation device according to any of Claims 1 to 4,
wherein the cutting object includes an organ or bone.
6. The cutting simulation device according to any of Claims 1 to 5,
wherein the non-cutting object includes blood vessels or nerves.
15 7. A cutting simulation program for causing a computer to execute a cutting simulation
method comprising:
an acquisition step of acquiring tomographic image information;
a volume rendering step of sampling voxel information in a direction perpendicular to
the line of sight, on the basis of voxel information about the tomographic image information;
20 a first display step of displaying calculation results from the volume rendering; and

a second display step of displaying on the display unit the status of the cutting object

after cutting on the basis of the cutting instructions inputted with respect to the displayed
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met hod conprising: an acquisition step of acquiring tonographic, inmage

i nN"Thr mat i on; a volune rendering step of sanpling voxei information in
a direction perpendicular to the line of sight, on the basis of voxel infot
t Elation about the tonographic imge information; 20a first display step
of displaying calculation results fromthe volune rendering; and a
secondcdisPb¥ctsiRinti§flaydhs pbayiiigg oBjct B endtidealigyddunt tutiing objeat, vs tief t he
cutting object after cutting on tlg“le basis of the cutting instructions
inputted with respect to the djisplayed cutting object, and. displaying

non- cufFPIAY U B} %E‘ieécuit Nete ey aftﬁfs)‘i”g%"gt AR lﬁﬁlug%ﬂelélca\ CUtBRMOle di spl ay
unit in a precut state even after cutting, even when included in a cut
porti ofccackes @ithgciittng hetractidnsng i nstructi ons.
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