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] Title of troventicr
SYSTEM AXD METHOD FOR LOCATION-MERGING OF REAL-TIME TOMOGRAPHIC SLICE X

AGES WITH HUMAN ¥ISIOYN

. Ap imagping device compriced ¢f:

3t image capiuze device for capturicg an image of the lutercal siructe
re of a farget ohject:

2 fispiav fer displaviog a capiured image from the image capiure devic
e; andg

1 vartialiv rofleetive surface erieated to reffect the caprured image
t¢oan cpesator ¢f the imaging device, such that the reflected captesed |
mage (¢ merged with a direct view of the target ebject independent of th
e viewing locaticn of the eperator
7. The imaging device of c¢laim !, whereinm said image caprure device cap
tures a twe dimensional image.
3. The imagizg device of cleim 2, wherein taid twe dimensicnal image It
a1 wlirascund image.
$. The imseging device ¢f ¢leim 1. wherein €aid image ¢aptore device cayp
tures a three dimensicoal data set. J
5. The imaging device of c¢laim 4. wherein faid image captere device cayp
tures a thice dimensicaal witraccund Lmage.
§. The imaging device of kiaim I, whereisn ¢aid image captere device, sa
io display, and said pariially reflecilve sorface are fixedly attached 1
6 eath ciher.
7. The imaging device of claim &, Turther ifeclediog a linkage syeiem th
at eoanles manipuiaticn of the imaging device.

§. The imaging device of ciaim I, further incivdieg 3 laser marking eys

—
2
=
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0. The imaging device of claim 1, wherein gaid image tapiuve device is

rotatably attached te the partiglly rellective surface.

oo

10, The imagiog device of claim L. wherein said¢ imafe capiute fevice I

methanically separated [rem the partiglly reflective torface.
I1. The imagicg device of claim 1, wherein faid imafe caprure device is
ditecity magipulated by ihe sperator.

1%, The imaging device of tlaimw |, lurther inclacing at leadt gme robet

i¢ grm capabie of menipulating the image capiure fevice.

13, 4 meihed for viewing a ftarget ¢hject, cempricing the gtept of:
capturing a temcgraphic image of the targc: eoject:
dieplaying said temographic image;
reflecting caid displayed temegraphic image snis ¢ haif-siiveres mirre

r ococh that am operater can directly view the Larges object through caid

hali-vilsered mirrer merged with the tomegrephic image reflected onte t
he half-cilvered mirzotr, wherein said merger i¢ independent ¢f gperater

Fiewing lecatien,

14. The methed of claim 13, whereiv said temographic Image reflected ¢n

10 the half-silvered mizrer ie wpdated 1o regl-time.

15. The methed ¢f c¢laim 13, ferther daciuding the step of activating a

mock effector to contrel sv actual effegter remote frcm ga1d meck effect

er, wherein said actual eifecior performs a procedure remete frem the op
eratcr ¢f the mock effecter,

16. The methed c¢f clatm 15, wherein said meck ciiecler 2ad Said gisplay

ed tomcgraphic image aze sc¢aied wp t¢ a gize that ¢ larger than the act

val effector and the target cbject respectively.

17. The methed of ¢laim th. wherein said muck effector gpod said digplay

ed tomographic imape ave scaled dewn to a size thei s smaller than the

actoal effecter and the rarget chject respeciively,

sgl

1
[H

—t
7

18, The metheg of cieim 13, wherein said cpevacey directly cund

[
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d mock effector
19. The methed of c¢laim 15, wherein said gprraier uses a temete contre
mechamiem to control Bosh the meck effector and the actval effecter.
20, An imaging device compriseé of:

an imafge capture deviece;

2 dieplay for displaving a capiured image from the Image captrre devic
e; and

2 partially reflective surface criented fo reflect the captured image
te an operateor of the tmaging device.
3 Detailed Deccriptien ¢f Inventicn
FIELD OF THE INVENTLON

The precent inventien genefaliy relates to methede and devigces for med
cal image displavs and more particularly relates tc methede and devices
for combining a reflection of 2 temegraphic image with human visicn dus
ing sebroutanecus medical procedures.
BACKGROUND OF THE INVENTIOY

Becaute human vi¢icn depends at least partially oo the detectice of 19
flected visible light, humans caknct ““see” inmis ¢bjects through which
light dees not pass. In cther werds, hemzes caonoi tee Iote the Inferit
rosecticnt ¢f a men-transparent, selid cbject. Qu?ke cften, and 11 many
different technoicgy preas, this sight limitatico may impede or hinder
the effective completzon cf & particuiar iask. Varices partial tcolution
s to this preblem have beeﬁ ptilired in the past (miniatuwre cameras., x-¢
av methedelogies, etc.). lewever, there t¢ a continuved need for impreve
ment to the methods by which the ioterisr ¢f an ohject is displaved, esp
eclallv using a real-time imagiag medality,

Perhaps in nc gther field ie thig sight Timitaticn more of & bindrance
tfan i1 the medicel fieid. Clinlcal medicine eften calls for Invagive

piccedures that commence at the patient’ s skin and proceed Iaward o ¢ig

.
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nificant depthe within the bedy. TFor exemple. biopsy ncedles introduced

threcugh the abdemisal wall f¢ take samples of Piver tiesupe fer divgnosi
s ¢f cancer must pass throvgh meny centimeters of imtervening Lissue. @
ne potential preblem with such procedures is the fack of real-time visug
I feedback fo the vieloity of ¢ritical structures sueh g8 the hepatic a:
teries.

Standard imaging medalitics sveh as Compuierized Tomograpby (CT? anl
Wagnetic Rescnavce Imagicg (MBI} cap provide data for sterestaciic 7egis
tratice of bicpsy needles within targets in the Tiver, lungs, ¢r elsewhe
re, bot these metheds are typically characterized by the physical displa
cement of the patient hetweer the time c¢f tmage acquisitien and the inva
erve procedure.  Real-time imaving medalities ¢ffer more immecdiate feedb
ack. Amcng sueh real-time medaleities, vlirascend may be well-swited fer

guidance of needles becauwse 1t preferably i¢ reletively pertable, (¢ in
expenstve, preduces ne icnizing radiatico, avd displays & temeographical
slice, a¢ oppesed t¢ aggicgraply. whichk displaye 2 projection. Cempared
with gopicgraphy, alirascund may cffer the additicnal advantage that cf
inieians are net rushed throwgt procederes by a desire to keep exposure
times t¢ 2 minimem.

Cemventicnal twe dimensiczal (2D} wltrascend is réutinely peed to gyid
e liver bicpsies, with the needle held in a “guide” attached t¢ z fran

1

sgucer, The goide heeps the bicpsy needle g the plave ¢f the image whi
ie the tip ¢f the needie ig directed te targets within that seme plane.
This system typreally recuires a clinician to lock away from his hands
at a videc meniteor, resuvlring ia a loss of direct hand-eye ccerdination.
Aithough the clinician can learn this Tess direct ferm of coordicaticn

the matural in¢tinet and experience ¢f feeing cne ¢ havde before ene

1¢ preferred.

"
o
o
o

d¢ 2 further digadvantage, the needle-guide system censtraing the hiep

4
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ey needle te¢ Jie 1o the image planc, whoreas the elinician mav prefer th
¢ oecdle to teterscet the lmage plane during scme ipvasive procedures,
For example, when interting av iptravences V) cathefer imtc 20 artery,

vali

on

the eptimal ccoofeperatien mav be fo use the viirascens 1mage Lo vi
2e the ariery in groes-gection while Inserting the meedle rowghly perpen
dicuvlar to the tmage 1nte the luymen ¢f the arterv. The pricr art system

just described may et be capable of gccemplisking f(his tash.

4 related visvailzaticn technelegy has been ceveloped where three dime
aeivozl (3D) grapbical renderimge of previcusiy ebtained CT data 2:7¢ mer
ged with a1z cbserver ¢ view ¢f the patient using 2 partial cr semi-trans
patent mirrer, als¢ koowo as a “bali-eilvered” mirzor. 4 partial mirs
67 1s characterized by a surface that [s capable of beth reliecting scme

ipcident Tight ae well as allewing some Jight tc pass throogh the mirro
t. Through the wse of 2 partial mirrcer fer gther partially reflective s
orface) a viewe: may See an chject befind the partial mirrer at the same

time that the viewer sees the image cf a seccnd cbject reflected cn the

4

surface ¢f the mirrer. The partial mirrer-based CT “Image Overlay” s
fetem reguires independert determinaticn of lecatice fer both patient an
4 ohscrver neiag external b-degree-¢f-freedem trechking devices, %0 2% Lo
aller appropriate 1mages te be rendered from prt-afquired CT data.

Asother recently developed imaging technoleogy merges nltfas@uud images
aod human vigicn by means ¢f 2 Head-Mouroted Displey (HMD) wern by the b
imar operaier, The !ccatibn ant grieptatien of the HMD fs CORLITUGERIY
determined relative to an vliraseund transdocer., using b-degree-cf-freed
om tracking devices, and apprepriate perspectives ¢f fhe vliraccond imag
es generated for the HMB uweing a graphics computer

These pricr art syetems may net be appropriate for use with a practica
f

Poreal-time tmaging device. Ceatrelling the mulviple degrees of freedenm

can be difficult, and the systems may have te0 maay compleXx parts ‘o bhe

¥
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useful.  As soch, there is recugnized a neced 1o the ast to previde a de
vice capable of merging 4 heman & nermal visien of aw object with am
taternal” iwgge of the chject that emphasizes freedom of cperatsr movem
ent atd/er simplicity of design,
SUMMARY OF THE INVENTION

The precent inventicn ccntemplates, in at feast vne preferred embodime
pt. 2 device and methed fof merging homan visien of the cutside of 2 tas
get obhiect and a reflecced temographic image of the internal features of
the same ehject. The inverticn mav inciufe an image capiure device fle.
g., a temcographic scanning device such ay an nlfrasgune transducer). as
image display device (e.g.. a computer or video menitor). and a balf-sil
vered mirrer te “Tese” ¢r. soperimpose the fwe images together

In 2t least cne preferred embodiment, the preceat inventiea provides a
20 witrascend tracedocer, an image display, and a pariialfy refiective,
pertially transparent, ¢urface (e.g., half-siivercd mirrer) gepergily 4
igplaced between a tasget cbject and the image display. The transducer,
the d1¢play. 2nd the mitrer may be fixedly atteched te cach other, or ¢
ne ¢r mere elements may be partially or cemplecce!y moveable with respect
t¢ the sthere. The mevement mas be accompiished throogh direct manipnl
ation by the cperater or with the use of cre o1 wore sobotic arms.

I at least cne preferved embediment. ke preseat loveatien prevides a
3D wltrateund transducer, an image display, and 2 partially reflectare
suiface broadly displaced Hetween a target ehject and the'imagc display.

n

The image display mav preferabiy dispiav an apprepriate slice o¢f the 3
D ultrascund data (effectively a 2D temographic imaye) fo emable a prope
I combined image to be ceen when an obeerver looks at the farget object
threuvgh the partially reflective surface.

In at least ooe preferted embodiment, the present investicn inclafes a

ceties of gears, pulleys. of stker meticn trensfer devices tnstalled be
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lween the transdocer, the display and the half-silvered mirrer 1o aliow
the angle between the mirrer and display te fellew the amgle beiween the
trapsducer and the mirrer as the traznsducer i3 meved. The present ieve
nticn alse centemplates vericss embcodimenis where the tramsducer g free
te mese fnoary direciicn 7 where rebedic sysieme allew for Lhe remete
perfermance of procedures.

These and crher detaiis, cbiscts, and advantages i the preseol loveat
fonm will be more readily appareat from the feilowiag descripiten of the
nresertiy preferred emboaiments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The tnventicn centemplates. in at least cae presentiy preferred embed!
ment. 2 method and device for merging ¢r superimposing ihe refleciion ¢f

a twe dimensicnal temepraphic image ¢f the intertcr ef a2 target ebject
with the normal humavn vigion view of the cutside of that same target ob)

L

ect. This methedelcogy may be weed in any appiicaticn where viewing fhe

£

Tetericr ef am e¢bject ig decired, and the methedeiogy it net Pimited te
any particular induwstry er applicaticn. The tntericr image 1% preferabi
¥ ocaptored DY any real-time Imaging modafity. where real-time does 100 &
pcessarily indicate near-insfgntanecus display, but caly fhat the targetl
fhject hat not moved signidficantiy sinee the scannéng wae perlermed. 0
ne tuch rezl-time imaging medality 18 uwlirascund,

Y theugh thie methodelogy asd device. can be uweed across many difleren:
fields ¢f endeaver, the p;eseut irventicn may find pariicular applicabn
[ity it the medical field. Because uwewarranted o1 excessive intrugion i
Gt¢ the (ntericr porticns ¢f 3 human body may cavse demage, ilnfectien, ¢

.

I oother unwaoted effects, thete intrueioss theyld be fimited in beth the

pember of iwostaerces and the scope ¢f the iatrosicn. As sveh, it I3 pre

i

Terable tc perform subcutanecus procedures with at least some direct sig

hiing of the intericr of the patient. Because the medical device applic

[
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atians may be particolarly wseful, the present faventice will be deserib
ed With referente to such 3 medigal device. but this exempiary drscieser
e theuld moet 1imis the scope of this pateni ¢ any particular industry ¢
rogee,

FIG, t shews an isemetric vicw of o presently preferred embsdiment of
ar imaging device 10 utiiizing a twe dimensicanal {2D) wltratoued transd
veer 12 capsble of taking 2 B-Yode image slice 14 of a target odject
15. In FIG. 1, there ic a twg dimensional wltrascund traosducer 12 f1
xediv attached te 5 rigid frame 1§, This transducesr 12 ig preferably
a cenventicnal vltrascund transducer that capiures s “senic” tomcgraph
ic imzge slice 14 ¢f the intericr portian of the targe! chject 16 (in
this cate 2 human patient).

Fxteoding vertically frem the middle region ol the rigid frame I8 1t
a hali-tilvered mirror orf gider semi-tranmspasent, semi-reflective, meter
ial 2. The half-siivered mirrer 20 aliews a wser 21 {e.g., a docter
Y ote look ihreugh the mirrer 20 at a target ebject 16 Te.g.. a patiest
Y lecated co the cther side of the mirrer 20 at the same time that a se
cond image 24 i reflected on the froet surlace of the mirrer {at 28).

[o this way. the direct farge! ebject image 26 and the rellected tome
graphic image 24 car be combined timage linc 30) {n the field o¢f view o

T the oser 22,

=

In FIG. 1, the ha'f-siivered mizror 20 1g depicted extesding verfica
Iy ap from fhe ultrasnund‘transducez 12 midway alozg the Llransdocer ha
ndle, but, in fact, ihe mirrgr 20 may be located at some clher positicn

in gnother vertical plane either behind er in front of the depicted ver
tical plase. Mere epecifically, the FIG., 1 half-silvered misror 20 co
nld be tranclated forward or backward {or ever tilted) 2t long g5 the d:

splay 3% is moved in 2 way that correcponds appropriateiv {as fescribed

in detail below).
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At the cppesite end of the rigid frame 18 from the transducer 2 i
a flai panel display 32 shewing the vitrascuod lmage or vther tomcgraph
ic slice 34, wiith the image portien 34 fTacing wpwarde. Thig diepiay

1% may be anv lew prefile or flat dicplay and may preferably be a Jiouid

S

(3%

crystal digplay [LCDJ. When 2 coses ? lecks at a terget ohject 16 th
rosgh the balf-silvered mirrer 20, the witrascund displar image 3f wil
i be reflected aleag line £4 wnte the [rent fTace ¢f the half-silvered mi
rrer otar 240, The nees ¢ sight time 30 will therefore be a gombimatico
or superimpesition of the direct targe: ehject image 26 and the reflect
fcn ¢f the vltrascond 1mage 24.

In grder te cerrectly visually merge the rollected wlirasound image 2
f with the target chject image 2%, the wlirasevand display image 34 may

be reversed (aleng a horizoatal planel, [lipped {alang a vertical plane
Y, rotated, tranelated. and/er scaled {dependiag en the cxfginal image
14 lgcatiocn, orieniaticn, and scale ¢n the display 32) s¢ that the refl
geted ulirescund image 24 on the face ul the half-silvered mivres tat
98) correctly pertrays the size, scale, aed cricntalicn ¢f the ultrascun
d slice 14 beizg taken. [m a practical sense, i1 ¢ne merely rotates ih
e transdscer 17 180 degrees, the ullrascend display image 3¢ wili be f
lipped exactly 28 If this image manipulaticn was ac}cmplished elegirenic
ally.

4 prefile ¢f 2 hamen eperater ¢ eve 22 is showe in FIG. 1 lecking th
rough the balf-tilvered mirrer 20 af the target chiccs 16 (patient).
Becanse ol well-ksowo lawe of Light reflectivn, the uwlirasound image 34
on the flat-pacel display 32 will be reflected vo the operalor-side sur
face of the balf-silvered mirrar {at 28}, Therelore, as the eperater
9% leoks at the target cbiject 16 through fhe hali-eilvered mirror 28,
“he reflected wltrascund image 24 is merged (superimpesed) wiih ¢r onie

lhe $irect targer object image 26. To the cperater 21, these iwo ima
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&

gee 34, 26 witl effecrively combice inte eme itmage 30 that tnclodes ©h
e surface {normal vigico 26) of the target ¢hject L6 end the imteriss
freflected vltrasound 24 o¢r c¢rber teomegraphic reflection) of the tarpet
ebject 6. Recause the angle of reflection of the vitrascend image f@
[lgwe the eperater ¢ tight angle as the eperatcr ¢ head moves, the merge
30 of these twe imapes #4, 26 i¢ indepecdent of lhe lwcatien of the
cperator 12 fuzer)., Therefere, the user 22 can meve bis head a¢ well
as take full advamtage of sterececepic vision f¢ cxirapelate the kidden
paite of the invasive tocl te.p.., neecie) from the cxposed parcs of the
same t{cel Wiih recpect to the amatemical structures 1o the wltrascend s
ai.

Because the direct target. chject imape 26 and the rellected vitrascnn
¢ image 24 arc combined er swperimposed sn the surface of o half-sifver
ed mirrer ‘at 28) that mav be paturazliy withio the sperater ¢ difrect |i
pe of sight (aleng 30}, the cperator 22 can preferably maintain ditect

hgod-eve coerdinatien throughout the procedsse. This matural line-sf-¢
ight image combinaticn 30 effectively allows the gperator 12 to ctee T
hroogh® the surface (e.g., skin) of the target ebject 16 and inte the u
nderdving etructures or Jayers ¢f materials,

Futther. although the present imaging device 19 ﬁay be wsed with virt
wally aoy imaging techeology, weing a nearly icstantencous imaging techen
elogy, such ag vitrasenzd ailews the interior znd exivricr vioews of the
larget object 16 to be neérly svachrencus. Hewever, the'meihod nay be
applied to an¥ real-time tomegraphic imaging medality, where “real-time
Y pefers to any lwmagiug medalite that can update the displayed image 3
4 before the patient f{target ebject 1H) moves. At patient movemenl dec
feases, “slewer” medalities become more veefel. If a slower imegisg !

echuciegy is wsed (i.e.. there is a substantiai lag time betveen image ¢

—

apiuie an0d image display), Lhe operater 22 mav instruet the patiest 16



(22) uoboooboooboaobod

to lie siilf se that the defaved interior image 34 will remalr aligoed
¥ith the cerrent targe! chrect image 28. [0 this way, even 4 §hewgr |
waging technolegy mar be used with the prevent iaveniion.

Seme peesible “guick™ imagiog medalities fncivde vltraseund. cine-CT
and rapid MRE. Seme “clewer”™ modalities trncicde copventipsal MRI. ce
nventicral CT. SPECT and PET. Hewever, evern these slow mofalities may ¢
reate #1 accurate combined image 30 s¢ lcomg as the rarget ehiect 16 ha
§ ool moved since Lhe last image was captured. A geedie or other imirud
ing ¢evice may seill be intrecduced usiag the overfaig image lor geidance

previded the targei shbject 16 has z¢t meved. Lo increase the tikelih
ced that the paticut remales still., scme combinaticn of lager o1 glirasy

pic range-findess, video cameras. and/o7 moticn Sensers inet shown) maf

be used to defect such movement and warn the operator 22 thai the image

[

®ill net be superimpesed perfectly tat 2§). Alternatively, thete same

senscr devices ceEld detcect exactiv hew far the rtarget chieci 16 has m

gved siage the laet image captuie and electronically correct the drgplay
ed image 34 and/ur the lecatica of the display 32 ¢r mirrar 2G feee b
clew) to compensaie fer such target chject mevement.

The mathematical requirements for Jocating the components of the appar

:

atus are shewn in FIG. 2. The hali-silvered mirrar 20 1s preferably p

csiticned hetween the temegraphic siiee P4 and ite image 34 reflected

¢n the flac-pavcl dicplar, cepsrated frem each by the same angle & :31

€

=f 2=9) . ln essence, the ball-stivered mirrsr 20 bi

3

pote the angle 24
As seep i1 FIG. 3 Ibelew), @can appreach zere. Because the mirrer 24

in FIG. ¢ bisccts the amgle 28, point P 1o the witragcund slice 14 an
d its corresponding image B in the flat panel ditplay 34 are both dist
ance 4 frem the half-silvered mirrer 20, The iine betweer the peint P
in the siice 14 and its image P iuw the die¢play 34, aloeg which 4 is

L

measured, 1§ orthegenal te Lhe plame ol fhe semi-irancparest mirror 20,
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The figure showe the eve of Lhe viewer 22, to whom the wlvrascurd g1
plav 111 be superimpused (aleng 30 on the correspending physical loca
tien of the slice (rrespeciive of the viewer ¢ locetien. The anpie of
peidence frem the [lat panel display 34 tg the face of the half-silvere
dmirrer {av 28} D¢ labeled ey fx FIG. 2. By well-knewn lavs of Tight
reflecticn, the angle of reflection eyq is eqeal te the angle ¢f inciden
te @, Becavse the mirror 20 bisects 28 and ferther by weli-koown 2
we of geemerry. the "iuvcidence’ angie ag Trom the corsespending point
T4 Tp ¢he targe: ohject 16 fv the back of fhe half-silvered mirser 20 i
¢ alte equal la; = @y =ag =a}. o thic way, regardless of viewes pe
sitien, the ditect target ehject image 26 and the reflected tomographic

elice image 24 wiil always ccicride t¢ csmbins image 31,

FIG. % shows a preseatly preferred embodiment of the imaging devige
10 vtilizing 2 three dimensicnal (3D) witrascund Lransduce? 17, As =it
h the 2D transducer deseribed above, the FIG. 3 c¢mbodimest detailis a ha
if-cilvered or pariial mirrer 2C fixedly attached te the trancducer 11

and extending vertically upwards therelrem. [a Lhis embediment. the tr
ansdecer 12 i¢ capable of capturiog 3D Imagiog data of 2 scanned velume

54 fe.g.. a Real Time 3D (RTIDY wltrascund image). The image 34 that

s shown en the flat-papel display 32 tand thergfﬁre refiected 24 ont
¢ the partial mirrer 20) Is preferabtiy a 2D temegraphic titce through

he Seanped volume 54 ig the target ehject 16 (for example, a “C-Mode
" glice, patallel teo the fsce of the transdscer 12). This 2D temograp
hic image 34 may be mathematically computed frem the coliected 3D Imagt

ng data br a computer fnet shewn}. The fiat-pancl display 232 sheold be

proper !y located and priented to precicedy reflect 24 cate the habf-gi

==

fvered mirrer [at 28) the lecaticn of the corresponding tomegraphic 1mag
e within the target ebject 16, DOrce again, fhe image 34 o¢n the displa

v o532 it preferably electrenically trassleated, rrtatec, scaled 2ad/or 11



24) uoboooboooboaobod

ipped f¢ compiete proper registracion todependent of viewer location, 2
jecessary,
Cempared to the “Image Uveriay” (T-bascd system wsing previcusiF oht
ained data e1 any ciher “lagging” imaging scbeme, vliragound of cther
“real-time” data fs preferred so thar the presect lecatics of the pate
ent itargei chject; 16 need et be indepesdently cstabliched 01 regicter
ed by the imaging device. Whatever is cusrentiyr in front of the trensda
cer will simply appear superimpesed co the vperaior § vwisugi [ield at b
¢ apprepriate iecation, Furthermore, the present invemsico preferably ¢
itplave eoly a single slice, as cpposed to a complete 30 rendering ag in
the “image nverlay” CT eystem (described abeve,. Therefere, the visu
al image merger 30 can he .made independent ef the ghserver’ ¢ lecation
eimply by placiog the vltraseund display 37 where ite reficerion 24 1n
the kalf-silvered mirrer 20 svperimposes ¢ the dircct view 26 of the
target ohject Q6. Since the displaved tomegraphic image 34 15 2D and
i reddecred precisely on iis preper lecatien in the target object 186,
the correct cembinaticn 30 of these views 24, 26 i¢ indepeadent of vl
ewer 2% lccaticn. This may be simpler and more cfflicicat than tuperimp
geing 3D renderings.
The devites and methcds as described above incluéc rigidly attaching 2
semi-transparent mirrar 20 and flat-pazel displar 32 to the tomograph
ic scanpiog device 12 {or ether imzge capture device). This cigid fixa
tige and the agsgciated huik ef the compiete device 10 may reduce the 3
Bility of the eperater 212 t¢ menipolate the scanning device ¢r tramsduc
er 12 during a procedure. There are several ways in which the freedom
ard ability of an epevrater 2% teo manipulate the image rapture device |
7 mav be lncreased.
For example. a linkage svstem of lesers, weighte, pullevs, andfer spri

age tnci shown) c¢ouwld be constrocied, while malctaining the rigid relatl
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¢nship between the device components (scanner 12, mirrer 20, display
327, to¢ aid in the mawipulaetier ef Lhe entire apparatze 10, Thrs licka
ge system uf levers, weigils., pulleve. pudfer epringe may cantilever o
etherwise reduce the amoenl of ferce necessary te mantpulate the apparat
ps 10, 4 similar couligeraticn, fer exemple, i¢ often nvsed in hespital
$ te aid in the manipslaticn of heavy lights dering surgery. These leve
fe, welights, pellevs, and/or springs are preferablv attached te the ceil
ing ¢t reoa fleor stand.

Alcernatively, tbte cperater 27 may ohilain grester [lexibility te mani
pulate the traneducer 12 fhrcugh a system of gears and/er acturafors tha
t keep the angle (&) betveen the dicplay 37 aud the half-eilvered mir
ror 20 equal to the sngle U85 berween the tramsducer 11 and the mirs
6 20, At the wser 22 meves the trepsduecer 12 in varicus wave, addit
ignal gears, actuaters. sed/er enceders of [lnean: and/or angular moties
cenld accommedate this transducer mefion tand corresponding change in #
2) by previding equivalent metice ¢f the displaved vitrascund 1mage 34
{and corresponding change in & 1 threugh physical menipulatice of fhe
dicplay screen 32 and/¢r electronic manipelaticn of the tmage 34 displ
ayed oo the screer 32, Thesc gears, acluators. and/er image manipulati
ene preferabliy keep the aspropriate angle {6} andflccaticn hetween the
display 39 zod the helfl-stlvered mirrar 20 sc¢ that the wser 21 can mo
ve the transducer 12 and $£ii] se¢ g preper cembinaticn image 30 of ih
e farget chject image 26 ;nd the reflected wltrascund image 24 1edepen
dent ¢f viewer locatien., Such 2 system conld be made to arcommedate 6 d
egrees ¢f freedem for the transducer. including ¥ rotetions and 3 tranel
atione. A¢ with the zheve embefiments, thie embodiment preferably entai
e physical attachment cf the transducer [2 tp the rest of the apparata
¢ (whichk msy hinder use of the device 10).

To further increase the ability of the cperator 22 to mavipulate the
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transdpcer 12 {or ¢ther cemegraphic $cavning device). the trapsducer 1
2 lgr otber image acowi®itien device) ma¥ be ohysically freed from the r
e¢t of the apparatvs. By centinpcrely determiniog the relative angles a
nd locaticn of the tramsdocer 1% with respect teo the haif-silvere? mirs
gr 20 ctipg o2 svetem eneh 3¢ the commereially availtable “FLOCK-GF-BIRD
§* or “OPTITRACKER™ systems. the angle (8 () and crientaticn of the ¢
feplay 32 with respect to the mivror 20 could Jikewise be adjusted tg
compectate for thie transdecer manipelaticn, One embediment £f 2 system
for freeing 2 30 wltzascvnd transducer 12 t¢ shewn 1n FIG. 4. The ap
prepriate ¢lice threugh the 3D oltraseund data 54 it computed and displ
aved (oo displav 32) s¢ as te effect a merger 36 cof the twe images 24
26 o the face of the mirser 20,
Similarly. dev 2D wltrascund. the manipulability of the transducer 1!
mz¥ be ecpecially impgrtant when cearching for a target. The dpreblem ¢
an preferably be addressed bv detachiog the traasducer 12 frem the rest
of the assembly (the mirros 20 acd the flet-panel digplay 32). & 6-de
gree of freedem trackiong device such as the “FLOCK-OF-BIRDS” c¢r “0PTI
TRACKING” svstem mav be attached to¢ the handte of the tranmcducer 12,
The Tlat-panel gisplay 3?2 mav be detached {rem the mivrer 210 and ceontr
glled by a series of metors such that the digplay éf weuid he made to I
emait exactly in the refiected plane of the wltratcund slice, a8 determi
ned by the tracking svsiem on the tramsducer handle. Such disptayr mevem

ent will preferably cccur according to well-koown principles of rebotics

Such 2 motesrized device may lag bebind the meovement of the transducer

12 doring rapid mazipulations of the traasdvcer 12 by the operator 2
2, but weuld preferably catch up with the operacor gt relatively meticn
less pericds when the eperater #2 had Jocaled o desired target. The mi

rrer 2% mav preferably be held metiogless relative io the target chiect
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16, cstabilisking the frame of reference for beth the transducer trackl
Ly system and the molerized display 32, Alrterpatively, the mirror 20
mav be moterized and the dispiay 32 heid corstant {or both the mirrer a
0é the gisplas couid move).

The cther degrees of freedom which may be necessary to vistally fuse
§0 {soperimpesel the dieplaved sitragound image 24 with the aciuval targ
et image 2§ may be supplied by graphical mavipujatien ¢f the ficplayed
image 34 ¢p the flat-pane) ditplay 32, based on the tracking of the o1

aneducer 1%, As with the fized aod geared atsemblies described above,

o

the metcrized display 32 and graphical mavipulation of the displayed im
age 34 preferably provides viswal “fusiee”™ 38 of the reflected uliras
grnd image 74 with tbe acteal terget object image 26 indeperdent of ¢p
erator 22 ¢r target cbject 16 lccatiso.

Tn cne presently preferred embodiment of the inventicn, twe rehetic ar
me. ar a single paired robotic device. manipulate both the transducer |1
9 and the dispiay 32 {and/er tbe mirror 20) wucer remete comirel im su
ch a way thkat the vigssal [usica 30 is maintalned. This may ebiminate t
he need t¢ track the transtucer 12, replacing i¢ with feed-forward reme
te coptrel ef the transdocer legatioe #ia a jovstick or ether centrgllier

The simolizoecus cenirnl of twe robotic deviges %hcse matiens mav Be
av simply related as beiog mirrer images of each cther, may be accompliis
hed in a fairly straighiicrward monner, aad mav exhibit a mere svachigne
pe image freign. 7

4 nateral pivet-peint for the display meaitcr may be the refleccicn of

the point of contact between the transducer and the target sbject becau
¢e. doring many preocedures, the vpergior tends i¢ rotate the piirascund
transducer i1 all three rotaticeal degrees of freedem atcund this point
fto find a desired target). Thus, fer the simuliazaecus ¢ontrel &f twe

gbhotic devices just feccribed, teiating the dieplay moniver ®ith three 4
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egrees ¢f freedem arcond this peint may be preferrcd. For syetems that
move the ditplay while tracking a manuvaliy manipelated tramsducer, at le
23t cne translatiena) fegree of freedem may be needed 1o atiew the dispi
27 meniter te hecome ceplanar with the wltraseund slice.

Calibratier cf the fixed system and development of

the serve-lirked (m
gtorized) display ¢vevem ¢r the dwal rebotic system just described mavy r
equire careful consideraticn of the degrees ¢f freedom in the regisirati
¢n process., Fire:, concider cnly the gesmetric tracsfermation, l.e.. a¢
ceme the scaie of the captured slice and the displayed image are [dentic
9l and vadistorted. Te¢ cemplete the peometric transform registeriog the

reliection of the vitrascund image to the actual slice, we nmeed o satl
sfy 6 degrees of freedem. Firet we have & degrecs of frecdem to manipul

T

ate the displey physically imtc the plane of the siice refiectice. This

can take the form of twe rotations to make the display fcrecn refleclic
¢ parallel te the slice and cne tvansiaticn erthegenal te the display sc
feen toc bring It Imtc precizely the same plane.

Gnce the display reflecticn and the siice are iu the same planc, we ae
ed 3 mere degrees of freedom to match the image aod the slice, which may
be achieved through twe tranclaiicns and coe retaticn of the image ca t
be display. In essence, the 6 degrees of freedem élace the display in t
he proper phvsical plane to reflect the image on the half-silvered mirre
r (3 degrees of freedem) and then rotate and franslaie the image oo the
dicplay ¢ that the ccrrec}iy placed reflecticn is properly aligned (3 2
dditienal degrees of [reedom) on the mirrer with the actual target ebjec
t lmage.

Beyond the gecmetric transfsrmation, farther calibratien may be Tequirs
ed. First, the proper scale must be calibrated. Thic includes isetiupi
¢ scale fsimilariiy transform) acd seo-isetrepic scale {affine fransicinm

b, Fuertter coerrecticos may be regquired Ter por-linear peometry in both
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the imaging eystem gad the displav by warping of the image.

Te the extent the: the gecmetric properties ¢f the slive de et change
with tissue tvpe. and the clice gecmesry dees net charge as vhe transdy
cer i meved relalive to the target chiect, calibrative of the eystem |
§ mav coly peed to be performed irttiglly, vsing a phantom lafget chiect
‘oot an actual patienty. Such calibraticn wiii sulfice ler slice geome
t1¥ dre coly to fhe staseer. Further chaoges in Image geemwei:y due fo
isene properties will depend on iraesducer jecation reiative o Lhe tigs
ve. Thkese changes mar be due to cifferevces in the speed of scund In 1
fferent ticsue types. 1t mav be possible t¢ cerrect for these using ima
pe analyers technigues as koown and developed 1o the aft.

4 groblem with calibratice mav arise becawte a phantom in a waler tatk

that 1¢ easily scarned veing wlitrascund will gppears displgced te humaz
visien due tc relractiocn al the air-water interface. Several sclutions
ate described here te this preblem. One Scluticn may uvse a rod that int
ercects beth the reflected image .in air) and an ultrascucd slice digpla
ced aleng the 1od Iwater). The dicplay may then be physically moved of
totgted, and the image oo the dispiay mar be electrenicaily movel ¢r 1ot
ated, tc make the rod appear to inmtertect the correspoending rellected i
rascund image approprialely.

A tecand calibraticn seiatica incledes the ute e¢f 2 calibration phante
m. The phantom is placed 1o water 1 -tome others ultzascqnd traonsmlttiing
{bet light refracting) medium and scasned by the image capture device.
The image i "frozen” (still picture) on the display and reflected off
of the half-silvered mirror. Without moving the calibratico phaniom, th
¢ water ¢f other mediem is drained or remeved from the calibraticn selup

The wser cag ther adjust the display or the imege oo the display unti
I the “frozen” reflected scan image of Lhe phantom aligas with the dirce

U osight imege of the calidratica phantom. Many sther caitbratien soheme

4
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g could de wsed within the scope ¢f the present 1nventign.

ol

[# c¢ne presently prefersed cmbodiment of the present ipventicn. a e

1

mete procedure is performed through the vee ¢f & temegraphic seanning

defice and surgical implements centrelled remotelv with 3 mechanical o1

rebotic fmock effscter” in thke eperatcr s fileld of view vtosteal of the
actusl target object beizg irn the sperater s field of view. 4 mock eff
petor it a physical vepiica of the aclual lsvgsive imstrement, preferadl
v of identical shape but pul necessarily ideuiical scaie. The meck effe
ctor mav either be directly contrellcd by the sperater (FIG. 5} with me
chanical linkages. encoders and/er trackiog devices reiaring the desired
motico 1o the actual effectcor, o1 alternatively the cperater may¥y ute 2

remete coniral te activate beth the meck effector and actual {sorgical)

effecter with cofrecpending metions (FIG. §).

Fer example, a precedure may invgive neing & Hrpodermic néedie 6T mict
G-pipnette to tabe samples in a ceriain plase. [ FIG. 3, the tomograph
ic scanning device (nct showe) may be aiigoed to captuze 2 $lice 14 of ¢
be target ebject from which the sample may be taken. The actien of the
actual surgical needle 70 may be controlled remotel¥ by eperater 22 mani
pelation ¢f a mock effector {needle) 70 [n the wser ¢ field of view deme
nstrating ithe precise meiien ¢f tho actoal remote e%fectﬁr T2, altheugh
possibly at a different scale. The scale (as well as the locatien and o
rienptazion) of the mock effector 70 weuld mateh that of the reflected to
megraphic image 24 {to make the combined image 30 an accufate repregents
tien) .

ln thie example, 2 meck needle 70 may be prescnt 1o freot of the epera
to1 77 (remote from the target ohject). The vperatesr 28 preferably lock
s through the haif-silvered mirrer 20 at the end of the mock effector TO

(

The cperator ¢ field of vigion i¢ a merged image 30 ol the direct vie

w 26 gf ihe mock effectcr and the reflecticr ni the femegraphic slice 24
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If the zcteal needle 7% performing the procedure cn the patient (targ
et obiect 16, oot showe. Lhrevgh which temegraphic slice 14 is acquired!
ig cf 2 ¢ifferent scale thap the mock effecter needle 70, then the toms
graphic image 34 digpiared on the menitor 3% is preferably moved and/ ot
scaled so that the reflected temegraphic image 24 ard the firect view 26
o] the muck effector are of equal ¢ize. t¢abling, and crientaticn at the
surface 28 of the hall-silvered mizrer 20,

The meck effector needle 70 and ihe actus! surgical effecver needle T
ate preferably commecied through seme scrt of control mechanicw 74, In
FIG. 5, this cootrel mechanism 1§ shewn a¢ a divect mechavicel Pink T4,
being a red fixed at coe ead by a ball-and-socket 57 te allew § degrees
ef retatien. As rhe cperator manipulates the meck effecter 70, the act

yal effecter 72 will meve correspendingly (although cn a smaller scale).

Similarly. the control mechaunlism may be some tvpe of trafking 61 enccd

er device that registers the mevemeni of the meck effecrer TH and travst
ers this mevement t¢ the actual saergleal effector 72, In thie way, the
cperator can manipuiate a meek effecier 70 and cagse a procedure to be )
erfermed ¢n a target chject al a2 remste locatics.

This remete procedure model may be wseful for exisemely tmall scale pr

gcedures. Fer example. assume 2 MICTEecGpic regisnfni a patient mest be

g1t le.g., 2 cancer cell removed ¢r a cornea cperated upcﬁ}. [v the 1e
gicn of a very small ceiting impiemeal, a specialized tomographic scanni
ng modality feugh as Qpiinﬁl Cvberence Tomography (0CT) cf a high frequoe
tey 100 MHz) wltrascund) may be used i¢ captore zn 1mage $llce. At g 1

N

emote lo¢aticn, a doctor may preferably lock through a partial mivrer wi
th a reflection of the tomegrapbic slice oo its face superimpesed vpon 3
nock cutting implement whese motion 1§ lisked to Lhat of the actual oot

ting implement. Althgogh the actual precedure grcurs on a microscople ¢

cale. beth the temegrapbic slice and the meck effector can be magnified
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Gt scaled uwp to a point that atlews the decter fo perferm the preoedure
in 3 mere relaxed aed accurate manner. A leng at the meck effecter is
tcated vp te a fimilar eize a¢ the tomegraphic siice, ke cverlay of the

images mav be accwrately lecated and eriented with respect to ecach cihe
f. In thie wav. tmall ecale mefical {cr won-medical) procedrres mey be
easier to pesferm. Similarly, Targe scale precedores svch 2% urdersea I
ohotics using conar-haced tomopraphic imaging may be perfermed zemetely
at 2 smailer scale ihao thev actually eccur.

FIG. 6 details one pessible robotic versien ¢f the pregent irvencicr,
The FIG. 6 remcce applicatien is gererally similar to the FIG. 5 1mplem
cntatien with the additicn ¢f 2 centrol box §4 uweed to coatrol the matig
noof beth the mock effecrer §0 aed the actval surgical effecter B2, As
in the previcus example. the gperator 22 logks throwgh the sorface ¢f th
¢ half-eilvered mirror 20 at the workisg end of 2 mock effecter RO 4t
emegraphic image 34 of the target object 16 is displayed ca a meniter 32
and reflected alesg line 24 cote the surface ¢f the haif-sifvered mirre
1 28, The cperator s fited ef view includes the merger 30 e¢f these twe
tmages 24, 26

In this exanple, however, the cperater 22 preferabiy dees pot directly
manipelate the mock effecter 86, “lastead. ¢ome tfpe ef centrel. for oex
ample a jovstick, kevboard. voice activated scftware, cor cfher device, |
s manipulaied by the cperator 22, Thic ceatrel device cauvces the meveme
ot of beth the meck effector §6 fthrosgh control line Eﬁi znd actval eff
ector 87 (threvegh cemtrel lime 833, [n FIG. &. each of thete effecters
80, 82 can be moved with 3 degree of freedom movement. The mock effects
r 80 canp again be scaled larger o7 tmaller t¢ make the menipulatien of ¢
he actue! effecter 82 mure ¢onvenicnt. Prelerably the size, scale, and
srientatico ef the temepraphic image 34 displaved 6o the meeifor 34 18 m

{

atehed te the size. shape, and orientaticn of the moch elfector §6.
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Fer rebotic versions of the present inventicn, the effector 82 that in
teracte with the patient 16 necd net necessarily be a mechanical sarpica
| teci. For exampic, the effecter covid be a lager, RF {redic freguency
Votranemitter, cr ether device {er deliveriag o7 imparting eoergyf o7 mat
ter tnoa target ebject. Tw these cases. the mock effector nged by the ¢
perater mav inclede ceme kind of demonsiraticn of the evergy o7 matver d
glivered, either expecied or measered, Lo the patrent. For example, an
jeesurface of expecsed RF field strengih may be phveicaily constructed 2
ud meented ¢n the mock effecter uvsed by the vperater swek that the field

medel intersects the reflecied image appropriateivy. To thie way, tke ¢
perater ¢an take iste acccunt the fiecld of the effector ¢ use, 2t well 3
¢ the effector 1iself.

The precent irventicn may alse depezd ca the lightrag wsed oo cr arcen
d the device, Fer exampie, light that hite the susface of the half-gily
ered o1 pariiel mirrer frem above {operator-side! may latrsdoce uamanted

reflectione n the semi-transparest mijror. o bhis caSe, the target ¢
hject will bhe mere difficelt te see. Altcrpatively. ii1ght that comes fr
¢m a scufce beneath the bali-silvered mirrer fon the came tide ¢f the mi
rrer ge the target object) may imcfease the clarity of the terget cohject

image withent intredocing wewanted [ight Ieflecti;ns optg the half-giiy
ered micror. Varicus types ef lightiog fvisible, uwltraviclet) as well a
¢ paints, markiogs, and Pight emifting marhers oo the targets or tasle t
hemeelves may have diifereit preperiies that are adjestable t¢ change th

g contrast, ietensity. and interpretability ¢l the image Superimpositioce

Alternative Terms of light mey alse be uwsed fo register locaticns in

[}

be ultraseent darieg 2 procedure., These alternative light Seurces can b

¢ ysed to identify certaic feateres of the target cbject fn additlon to

the 3D viswal cges inherest te svperimposition of thne reflecticd imuge.



34 uoboooboooboaobod

Fer example, a place of lase: fight can be creatcd with ¢ mevable mizrer
and a laser such that any real chject (part ef target sbicci er mock of
feetor) that intersects the planc of faser light will be "marked” by the

colored lines of the laser Tight. Suech a faser marking svstem covld be

vsed with 2 computer vision svetem ft¢ permit gutemated detecoiicn and le
caticn determinaticn of the Intersectisn point of the leocated object and

the !ight plawe. Thie system mav be vsed dor auiomated calibrasion

wll
b ocorresponding features detected ic the tomegraphic Image.

Light sentees could alea be arrarged retative it ¢paque shiclds ¢o th

toenly certain parts of the target object are illumipated, such ag all p
arte bevend the reffected temrgraphic image. Thus the image would fall
sn what wounid effectively be a clippinyg plane threugh the e¢bject, with a
Il parte of the image closer to ithe viewer met iiluminated. Svuud, tact
ile, and/er viher ferme of feedback may be previded tv the cperater base
d cn the locaticn of tonls relative t6 the refiected image. These feedd
ack fndicators mav alert the cperaccr when contact is made, for examply
between the tip of a needle and the reflected siice.

Varicus techmiques mav be used t5 alter ibe Image as vigwed cu ithe low

piet

L=

-prefile display, The image may be reteted, travsiaced, scaled,
gried, as previcosly described, or ctherwise cruppeé 6r mazipulated 11 m
any Wave according te fhe needs of the nser of the system. lFur gxemple:
extranecus parts of the image may be Temeved; specific apatemical targe
te may he autcmatically identified and graphicaliy enhancéd; surgical to
61y may he tracked and their %iddenr secticns graphically simulated; and/
or cther mseful tonfcrmaticn may be superimpesed on the displayed image |
or the eperater relating to fhe invagive precedure.
In all. the present inventicn ma¥ be eseful for many medical procedure
¢ ing¢luding amniccentesis: masy ferme of eorgeryy soft tigsve hicpsy of

sgrgaes such as liver. kidoney. or breast: and procedures such ae the tnsfe
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rtion of centrai venows linmcs, wr even peripheral intzavennus cathetlers,

le braie surgery, for example, defcimaticn ¢f the brain after remeval
ef particos of the skull Jeads to Joacceracsy of registration in aen Teal
“time modalitics svch a¢ comventional CT. Real-time goicdance using ultr
ateund may cempensate fer such deformations, ae well as previde adaptive
guidance during the removal cf an abscess. for example, ¢r in ether cat
e where strectures mar chaoge thape or lecaticn during precedures.  Ang
ther example is wmeniteriog and corvectien of tissee infilivaricn during
the tofesiea of camcer druge Tnto large veins. The fnvernticr mav Feiiti
vely effect Lhe succcss and flexibility of these and other fuvvasive prog
edures.

Stmce the viswal lmage merger (s independent of viewer lgeaticn, (%0 o
I mere human ¢pergters mav work topether inm the tame field of view, agsi
sting each other manwally and/or offering comsuvliation. The inventicn m
ay be valuable In teaching, for exampie. by ciarifving ihe content of vl
trasocund Images through its lecaticn inm the target ebject.

d¢ briefly menticned abuve, the versico of the device vsing a moek el
ecter could be wsed at micrescepic scafes. for example, to insert micro-
pippettes into Individeal cells woder OCT guidance to gather intracellunl
ar samples to determime whether the cells are ¢f a cancercus naivre er
to delivery therapy tv g tingle cell). Other peseible examples include
the wse of very high frequency wlirascund teo goige micrcscgpic tyrgeTy o
1 the cornca, and kigh rescl}tinn MRI te goide bicpsies of tisene sample
s ol small animals. 11 mav alee be veed to guide the administraticn ¢f
radiatice and e¢ther poa-fuovasive procedures, or the pretent ioventicn ma
7 be wsed i1 many vther technical and men-techaical applicatione.

One or mere cf the ahove embedimente may be criented toward g portable
version ¢f the present inventicn. The $ize, shape., and materials psed

may be minimizec sc¢ that the eatire goparates <an b& carried Ly a single

.
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peer Lgr a few wsers) Lo the site of g procedure. An eltrascond trased
wcer is preferabiy weed in the poriable embodiment becarse of Its small
size and ease ol uwse. These embodiments may be especialiy suited for as
e in the battlefield fer the remeval of foreign bedies such gy builets o
roshrapne!

The ultrascund transduoces I the above pertable versicn mav be repiace
d {tewards the cppesite eud of the size specrrem) with 3 cemparatively m
aseive T nr MRI scamner (sce, FIG. 7). The principle of cpesatinn 13 $
till based os 2 conirolied geometrig relaticathip berweer the scanrer,
he mirrer 20, agd the display 32, just as in the above embediments, Iz
essence, the avgle (@) betweea the ditpiav 32 and the half-silvered mi
reer 20 sheuld be egual to the angle 592) between the mirrer 50 and the

¢lice 91 threogh the target object within the gantry ¢f the CT or MRI s
canner 00,

The image frem 2 CT ¢f MRE machine can often e comverted tate an 3pps
epriate temegraphic slice withio less thao cne minante frem the image sca
neing., Once a CT scagaer 1% oo leeger transmitting X rave tafter the im
age is captured), there wiil be ac harmfel exposure te the gperainr. As

seen 18 FIG. 7, the gaatry 90 wf thete machinee mavy provide ample acees
s fer oa decter ¢r ¢ther vser 22 te perferm an invas}ve preocedure co oa pa
tient within the €T machine. Furthermore. If the space inlrhe ganiry 90

i np: safficient fer a particular procedure. the patient (e other tar
pet chiject) may be meved cﬁt of the machine a koows dictance, and the Im
age 34 of the temegraphic scap may then be shified by that fame amennt {
provided the patient did net meve in 2nf cther waiy).

The a%cve epecificatics describes several different embodimente and fe
atures of 2 device and methed fer fesing vi superimposing a direct chjet
t image avd g reflected image iwto 2 combined image that lecludes both 2

vebeurface temegraphic Image of 3 target ehject azd ¢ visval turfzce im
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aye of either the seme c¢bject or 2 mock effector. Varfeuws parts, select
igns, aod/er aiternatives from the varieus embodiments may preferably be
interchanged with other pasts ¢f different embediments. Although the
pventicn has been described abore in terms ¢f pasiiceiar embediments, cu
e of erdipary shil) o the art. 1o light cf the tezchings herein, cap g¢
nerate sddicieral embediments and modificatiens witheut departing frem ¢
he spirit ¢f, cr cxcceding the scope of  the claimed inventicz. Accerdl
agly. it is¢ tc be understoed that the drawings and the detcripticns here
it are proffered by wavr of exemple only to facilitare comprebensicn of o
he invention and should mev e cemstreed to limit the scope thereef.

I Brief Descripticn ¢f Drawings

The inventico aed itg presently preferred embodimente will be bherter v

vderetond by reference i¢ the detailed dicclosure hereinafter and to the
acermpanving drawvipge, wherein:

Figure | iv a schemaiic view of a device capable of merging 2 reflect
ef teomographic image from 2 2D wlirascund scasper with g direct view of
a targel image;

Figure ¢ i¢ g ¢chematic of the image acgles that allew the cperater t
o meve i1 relation to the half-silvered mirrer while maintaining image m
eIger; :

Figure 3 is a schematic view ¢f a device capable of merging » slice |
rem oa 3D scan with oa direcs view ol a larpei lmage;

Figore 4 is a schematic-véew ol we imagiog svstem with the image capt
ure devige removed from the remainder of the svetem:

Figure § shews the methodelogy applicd to remete cperaticn u€ing a me
ck effector inm the field sf view:

Figure € shews the methcodoicgy applied to remote cperatics uiilizing

a remgte controlied effector, and

L

Figure 7 it g s¢hematic diagrem of the prescot methedology applied te

the front ef a2 large imaging machine such as a €7 s¢unner,
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FIG. 7
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1 ABSTRACT

4 device fer combining tomegraphic imaget with human visicn wsing 2 ha
If-gilvered mirrer t¢ merge the vivual cvter surface of ar chject {or &
rebotic meck effecter) with a cimultageves rellectine of a temographic |
mage {rom the intericr of the objest. The device mavhe wsed witd varicu
s types ¢f image modaiities including vltrasevad, T, and MRI. The imag
¢ capture device and fhe display mey o7 may not be firxed to the semi-ilIa
neparent mirrer., [f vet fised, ihe imapisg device mav previce a COmPEns
aticn device that adjuste the reflecticn of the displaved alitrasecod oo
the haif-silvered mirrur te acceunl fer any change in the image capiure

device orientaticn ¢r lecatlce.



patsnap

TRAFROE) ATHEFBeMACBEHNENESEMEERESE

DN (E)S JP2003310611A N (E)H 2003-11-05

HiES JP2003009726 HiEH 2003-01-17

FRIEFE(EFRA(IR) EHEKREFE

BE (T RR)AGE) hM I T 2L R

R & A ATYToIoIA=IF14T4 RN

REBAA ATYVT-2oa—I-F14I4h8

IPCH%EE G01R33/32 A61B5/055 A61B6/03 A61B8/00 A61B17/34 A61B19/00

CPCH 3= A61B8/00 A61B8/4218 A61B8/5238 A61B8/587 A61B17/3403 A61B90/36 A61B90/37 A61B2017/3413
A61B2090/366 A61B2090/373

FInkE A61B8/00 A61B6/03.360.Q A61B5/05.380 G0O1N24/02.520.Y A61B5/055.380 A61B8/14 GO1N24/00.
520.Y

F-TERM% (& 4C093/AA22 4C093/CA17 4C093/EE05 4C093/FF35 4C093/FG07 4C096/AA18 4C096/AA20 4C096
/AB36 4C096/AD14 4C096/AD15 4C096/DC35 4C096/DD01 4C301/BB13 4C301/CC02 4C301/EE20
4C301/KK40 4C601/BB03 4C601/EE30 4C601/JC40 4C601/KK12 4C601/KK50

REAGF) BKE—

k54X 10/126453 2002-04-19 US

SNER4E Espacenet

BE(E) [X 41

(A& BRAR - B FEAEERENNEEEGENEAKLRE G 22

L Z¥EVRERER (REFBERBNITE ) WTAAREEEGS
MEMNBRABRENMERBNBESRGEG L, REEM. ZRF
SEMRBOKBREZ—RER , SFEER , ITEM/ZR P E MR
BB, BBHERREFNEFRZAVUBEERTATEERFEAR, M
RREZE , WKBRERRERE , HRZEREXHRE LNBEHK
HRFEREASTEEGHREEN FEMNLE,

32



https://share-analytics.zhihuiya.com/view/4b4023ab-262b-4875-971e-95454e9072ec
https://worldwide.espacenet.com/patent/search/family/029215036/publication/JP2003310611A?q=JP2003310611A

