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Abstrict: Laser photoooagulmor has been widely applied.to’ lapamsooplc surgery as one of the most important surgical

equipments beeause of its effective hemostasis, Laparoscopic mstmments have the limited degees of freedom and reduce the
dexterity of surgeons’ -hand, so that multmxucular robiotized forceps are reqmred. However, laser forceps need optical guiding

" system such as optical fiber or mirror system, and are difficult to be mtegrated with robotized forceps. We have developed novel

robotized forceps ‘with semiconductor laser chxp, a charge coupled device.(CCD) v1deo endoscope, & white LED used for
hghtmg anda bendmg joint. The chip is mounted on the tip of forceps and does not require the optical guide. In this study, we
produced 3% trial ‘manufacture, and new design is based on evaluation of 2 trial manufacture. We did expenments in evaluation of
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Method of Position and Orientation Measurements with MRI

S. Onogi®, 1. Sakama®, H. Nishirmura®

“Instinge of Environmental Studies, Graduate School of Frontier Sciences, The University

of Tokyo , *Research & Development Center, Hitachi Medical Corporation, Japan
Abstract: SmgmleganonSystanisvaymeﬁﬂsystemmammnmnnmvasmmguy Position and orientation
msmmymlmmemvxgaumsysm,mmdsmua&wmeopmmdemsmdpmmbody In this study,
'we suggest a new position and oriéntation sensing method with MRL Active Tracking, which is suggested by Dumoulin et
al, is a method of position sensing with a small receiver coil. Our suggested method is abe to measure not only position
but also orientation. With three series receiver coils, Positions of each coil can be measured. And this mefhod doesn’t need
some attachments or remodeling of MRI scanner. In this report, accuracy evaluation of this tracking method is canducted.
Key Words: MRI, Active Tracking, Navigation Systerh, Minimum Invasive Surgery
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Fig, 3: Reproducibility of peak positions (Y-Axis).
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Evalpstion: of enmpad forceps manipulalor using friction wheel
mechanism and gimbals mechanism for laparoscapi¢ surgery -
T. Suzuld - Y. Katayamp - E, Kobsyashi - 1. Sakums

Graduate School of Frontier Sciences, The Uniiversity of Tokvo, |

Japan
Abstrsct: This paper repons evajuation of a compaa forceps menip-
ulator’s dynamic performance  The compact forceps manipulator has
four degress of freedom; rotation and 16ngitudinal translation of for-
cepsreslized by “friction wheel mechasism™ and pivot motion around
the incision hole provided by * gxmba!s mechanism”. Stepresponse of
éathaxis showed sl 150{deg) in rotation; 4 {min) in translation, and 7
{deg] in° pivot motion. within 100 [msec] were realized respectively.
kamgcvaluauon against sinisoidal wavelorm: mpuﬂ;bowzd resilts
- pesformance was generally enough, but in higher
. " !requb ;nouon tmckmg spc:d was not cnough whcn uxe dnvmg

: fcedback systém under a éertain comrol condition dctenmncd by the
- dyuam‘ pcrfonnancg cvnluauon
Keywoids Surgical vobot - Sturgery- assisting robot -
Compmer-assmed intervention - Pivot motion - Step response
Dynatiic responst - Tracking’ ‘performance
1 Infroduction
: Lapamscapc surgery spréads. remarkably as it achieves enough
therapeutic pen'ormancc equivalent -to laparotomy, without large
incision. Though it provides yarious bénefits 10 paucnts ‘as a tech-
niqué-of minimally invisive surgery, the method is difficult and
cannoi. be applxed to all operaucms This is becanse surgeons heve @
limited view:of-sirgical field from ]aparoscopc and madzquau déx-
terity according 1o inconvenient surgical instruments with lnmtcd
dégrees -of ‘freedom. (DOF). Responding to these issues, sirgery-
. gssisting robois are dévéloped end pattially clinically -applied. 3t
realizes high: quality operation nsmg maneuverable robotic arms and
intuitive ifterface; but its large siz¢ has some problems such e5; dif-
“ficidty 1o install into conventional operating room, risk of collision
“with clinical stiffs or patient, and occupation of the space abgve the
patient’s abdomen that disturbs the observation of patient by dxmml
staffs [1}. Ahother: froblem is that those systems are “seliconiained”
and do.not-accept additional devices developed by third-party re-
searcher or ‘manufacturer, for éxample robotized forceps developed
ina labomwry of university. ‘!'hus. a compact surgical assisting robot
that actepts o third-parly device is required [2].
We have been dcvelopmg a new:compact fortéps manipulator. In our
deagn concept; we emphasued limiting, ‘DOF and eliminating

redundanq.' and sxmphfymg mechanism, so that forceps mampnlamf
cah be miniatiurized and. installed into conventional operating room

[3]. We also sim to build a kind of “platform™ to-drive forceps, which
aoccp:s various kinds of forceps without complicated edaptor. In the -
previous studies, we have manufactured 2 prototype and evalusted |

working range, speed, force, torque, and static positioning accuracy
with dnd without 8 load [4,5). But, Synemic motion chardcteristics

were not measured even though: dynamic performance is necessary to _

build & master-slave anipulaior because smooth motion without

delay is required in visua) feedback control system. Thus, the j purpose. .
of this siudy is to evaluau: dynamic motion characteristics. In.Sect. 2,

we introduce system configuration of otr menipulator and give a

detailed explanation of mechénism, In Secl. 2, experimental setup,
protocol, and results are shown, followed by discussion and concly-

sion.
2 Method
Forceps manipulator consists of two- pans “friction wheel mecha-

nism (FWM)” 1o drive forceps in rotation and translation. and §

~gimbals mechanism” to realizé pivot motion afound the incision
hole. FWM is 62 x 52 x 150 {mm®), 0.6[kg]; and gimbals mechanism
is 135 % 165 x 300 [mm?], 1.1[kg}. The prototype is compact and
space-saving design, so that iy can be mounied on the bedside rail
Figure 1 shows the. proxotype ol manipulator used in this
study. FWM consists- of ihree tilted idle follers and outer-case:
(Fig. 2(left)). Tilted rollers are fitted onto the surface of fort:cps shaft
and holding the shaft. When outer case is driven by actuator, roliers
travels spirally on the mcumfcrenc: of forceps shaft (Fig. 2{center)).
Outer case - moves spu'ally on the surface of shsft a8 if screw nnt
rotates aléng screw bolt. Here, we “have two kinds of friction whee]

with opposite. ultmg nngle like “right-] handed screw” and “lzfthan.

Fig. 1 Prototype of forceps maniputator

e
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ﬁg.z anwhxlmﬁml;ﬁﬁmmwbamem :
mmgm:mmnngnonmnapdmgM'
tmns}auonandrotanon : .
o dcd scre” (Fig: 2(right)); When bo:hfm:tmn wheels rotatcm xhe'
! samedxnmon,thzfomepsshaftm bmng heldb) dle iollers.
Onthcoxhcrhand.wheneach wnwhulrotau.-s‘ ‘oppos
®

; ¢ id no ke wound and was: feasible asagwm
mechamsm l}eeanse ‘muscle got relaxed under. anesihzsna.
3 Results .
Dynamic motion characteristics were-;mzasum!, thax i nemry to
contml the xnampxﬁator smoothl th B visusl-
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Fig. 3. Dynamic response of FWa; upper siep regponse, lomzr
sinusoidal waveform trajectory: lrnc.kmg )

-Jess than 70'[dég/sec], and

ML N

(nwarow) anmommedmthnnndygenmtemmmn

+ the:speed of 90-180 frpm] and cannot provide speed of less than 90

frpm): Asmdnnmamdmnaepmuonlopuvmw’bnnond

' aciuator around the target position, the measured valee excecded or,

dmdnotnacbtbeuxganlnz Within ene cycle (100 [msc]), 4{mm} .
mhnonandmldsg]mamwmndud.“kakommed
sicp response against minimum input calculated from the minimium
mmnondspeed(m[xpm]) 028 {mm] in translation and 10.8 {deg] in
roation. Though ovetshoot wxas observed, the response reached the
taget velue within 100 fmsec). As for the sinuscidal waveform tra-
jestory, we.determined the parameters of sinosoids! waveform based
onlh:mprespmmezsmvm:mms.lnordenomeetlhgﬂ
condition that maximum speed should be ‘léss than 40 [mmisec) in
transiation and less than 1500.{deg/sec), we set the ranslation to be
40:sin(1), 20 sin(2t), 10 sin(4¢), and 5 sin(81) [mm], and rotation
1500 sin(1), 750 sin(21), 375 sin(d1), end 187.5 sin(81) [deg). “1” is the
elapsednm[nmmec]fromxbcsmﬂmwcﬁxedth:manmum

‘speed and changed the amplitede end fmquency Results are shown
“in Fig, 3 3 (lower Tow). Tmcbng results against sinusoidal wavefonn
" input shawed good ‘performance, but in the higher fréquency i ioput,

ua.ckmg _wasohscmd.
As for. gzmbals mechanism, targel. swp mputwas 5|deg] based on the
max:mnmspcadotgxmbals mechanism [S], Resuhsamsbovmmﬁg, 4

" (upperfow). Up-fo 7 {deg] step input was achieved in 100 [msec). More

than7[deg] stepinput required longer time, and considerable overshoot
wasobscrved.lnthesamewaydeacubedabovc thcpammcxm thai
defined the sinusoidal wavéform trajectory were determined based on
‘the: step response measurement results, They were set 2530 sm(2.331), '
15- Sin(d.67), dnd 735 6n(9331), [deg). Thisis beeause that the maximium-
mpui angle:percycle. shiould bc 7 [dzgj and maximum: speed shcmm be

tracking was s evedmismsom:g]m.
: dzrsble txm&lagswmnbseryed. .

3 study, we-evaluated the response 1o smp input and sxnusmdal
wavefonp motion. Though we coptrolied out'manipulator every 100
{ nSe (10[1-1:]) it wes too slow as 3 robotic: manipulator. As shown
in-the Jewer rows of Fig. 3 and Fig. 4. low contro} lrcquency affected
the niotion; palh, so thait sinugdidal waveform input is ot smooth and
looks paruany triangulsr wave. It is potable especially i the- higher

_frcqnency motion input. ] Rcmarkable delay wes also observed there.

This was bwmse drmng dmuun inveried ﬁrom+duectxon to -
duecnon or - to + &t the nps of: mangular—hkc silisoidal waveform

-

vy gt

N b e 8 8

ﬁg.4 Dynaxmc response of FWM; upper stcp re$ponsc. lower

Asmusoxdal waveform trapcmxy tracking
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 Abstract’ New surgical wchmqucs is rcalmed by initegration of a small -

functional module on the: tip of the {oreeps that has. multi degrees of
freedom (DOF) sifice it enables compex mampulauon 2nd treatment
of limited’ workspace- We developed 8 new muln-DOFs u!(rasoni
cally activated scalpel (UAS) prototype. This promxvpe has twe
DOFs.of- ‘Bending snd ‘grasping realized by anlagomsuc wire mech.
“anism. The bending angle-of this . maniptlator vanges'+ /- 120{deg];
and the. opcratmg angle of the . grasping blade ranges 30[deg] .
_~Graspmg torque is sufficient to grasp’ tissue fo coagulate. We con
“firned thit otir pxomtype could incise and coagulste tissue effzctively
throoghiin vivo experiment. This newly. devc)oped muiti-DOFs- UAS
is'a powerful equipiment for minimally invasive laparoscopic: surgery
Keywords Harmonic Scalpel® - Bending foréeps - Minimally invasive
surgery - Laparoscopic Sitrgery - Strgical robot - Wire mechanism
1. Pmpose k
Today u!tnsomcally activated scalpe) (UAS) is wxdc!y used in lapa-
roscopic surgery. The currently availablé UASs have a linear shape. -
This sometimes makes surgeon to use the device from undesirable
apptcach thal might cause complications in simgery {1). Such surge:
requires- hlghly skilled wchmques bevause. most existing surgi
1nstmmcn!s are lxnea: shape. so'the eppmachmg 10 treatment ares are

¥ig. 1 Bending and grasping motion of the mwpu)awr Bend
dia! and gaspxng handle .operate beading joint and: gmspmg blade
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Oneofthcmamnssuumcumnl lele-opexatadmedmalrohonas‘

. thebsdudﬂemformanonandlhechangeofmmnwnc
) coo:dinauon.mdmetm"obmnmgammalwdmnnmmyof
; iid for multi-modal sensory feedback to
mhasruulwdm'%hedaméfhapucmmmmpmem,mcy
are still corifibed msinly'to researchi-and developmerit (acilities, al-
lhouduhenmsmncgenaalpmpmccommexualdevxeu These
mwﬂacesmgmﬂyusadm two contexts: tele-mianipiilation and
computer simulition. Diverse control architecturés and models have
beenproposedmoxdertoaéh:evelhzhayu:pewcpnom
2 Methods
nemmlu:hxmforhapnambedmﬂedbasedonm
types of control variables, low level algorithms, and coordinzte sys-
umsmed.Someudnumandmodekdiﬂ:rbymeansofspeazl
treatménts; gravity ompensation, friction, fime' delay, virtual cou-
Aplmgandﬁxtmu.hummmodelandhummputomnce.lnomw
present: forther analysis of the clmﬁcauon, we performed fimula-
tions- ising .a system of: 1-DOF. The systems are- identical at both
aster ahd slave sides; withotit the néed of mapping e:thersystansor
. saleeﬁmnemmmwereanalywdbasedontheclamﬂunon
. ofconuolvmables. ..
. 3Resulis - -
Posxuonlposmon ardmecnm:s neglect mtemal and extemal forces. In

% requite thc transfonnanon of

thereby deﬁmng the eonuol Qrchnccmre to be: used: In sothe: cases, it
cou]d Be niecessary to use hybrid systems. for .cxample when it. is
uewasaxy lo lmve force ahid- posmon measurement of the mterven-

with MRI xulda:;ee and smgml navngauon systemn, Qur method can
measure both the position. and- orientation of: the small recéiver eo:l
with thrée series indnctnm (F g. 1).

2 Méthods ™ . '

In this study, 03-T open MR scanner (Amsl] Hitachi Medical Co,,

ana. Japan) was used. In order 10°evaluate the basic performance.

2] Spr.inder_

body, instability end sctuator
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Hg.ll.eﬁl’ml'l‘hetmchngwﬂmemb!ymhmneuna

" inductances (Coil 1, Coil 2, Cail3). It can 'mesisure both the position

and orientation of itself. Right Panel The image.of the tricking coil
amblyandmmondam.ﬂcpeabdmmondamm&au
l.hepos:uonofead:mdnﬁanee : .

- of the proposed method, we oondncted following | three experiments,

Theﬁrnexpetmwm wastheﬂrpangle opnm:zatxonfonhe reduction
of background noise by the proton around each inductance. The

‘second experiment was reproducibility evaluation. The 20 times of

measurements were repeated whilc placing the tracking coil assembly
at the samé. The third experiment was measurement accuracy eval,
uanon.'l'hedxffemceotmeasundvaluebemeenlhemoposed
method and an' optical tracking system was compared,

.3 Results and condusion

In‘the flip angle optimization, ihe 'NMR signal peah,wlnch mdu:aled
the positios of edch inductance, were not clearly at 60° flip angle. On

- the other hand, all peaks weré clearly at 7° flip angle. In the répro-

dueibility ‘evalustion, standard-devistion of measurement positions
was less than 0.4 mm. In the accuracy evaluation, the difference
betiveen the proposed method and the optical tracking device' was

. 043 mm (RMS). ltwascondndedthatﬂ}lsmthodoouldbelsed

instead of an optical tacking method..
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Automatic segmentation of hip bone surtaee in cltrasound imagel
using an active contour
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1 Introduction -

We propose an automatic bone snrtace detection from ultrasound

images. Our 1bodel is based oD an active coptour with a force that -

pushes the contour upward and a regional energy term. Results are

then used as ai input for a feature based registration in the context of

computer assisted hip surgery apphcauons i
2 Methods :

.* Active contours [1) are usually defined with an internal energy that
.imposes the regulerity of the curve and &n external energy that daws

the coritour towards the significart features. The segmentation pro-
cess is then achieved by minimization of the sum of these 1%0
energies. To avoid the mode] finding & local minimum solution,
Cohen [2] proposes an additional force during the opmm
pushing the contour along its normal direction. Given that in ultre*

. sound images, a dark shadow can be found below the bone surfact.

we incofporate suéh 8 force in the vertical direction to push the

~-contour upward from the shadow area to the bone surface.

.»
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Fig 2 Expeumental rcsult. the path of dnllmg by SPINEBOT

atnomtme mode. But. stgmﬁcant devuenon error was observed in the

systcm Forceps mampulntor
.Laparoscopxc suFgery
1 Introdiction ‘ ’
This] pa;:er " describes to develop a real-ume modular slave manipu-

1atér system, which can iniegrate ‘various mdependently developed |
forceps mampulator. and thé results of experiments; 1o evaluate the
'-’;‘)erfomnnoe of this slave mampulator system as one

utility aod
apphoonon of modular mmer-slave system.
2 Méthods .

- ‘We proposed a new system conﬁgurauon wuh Iollowmg two major
fanctional systems to realize develop 2 redl-time modular slave
mampulator sysiem, which - edn integrate various mdependent!y
developed forceps robot: Two kinds of control systetns, forceps
mampulator control system and arm robot control system, to-évoid
performance - ¢hiaiges caused by the introduction of - torceps manip-
ulator with individual  contio} interval and “Modular system with
asynchronous eepabxlmes of. safe and quu:k mterchange of an inte-
- grated forceps.

3 Restilts

. Master-slave ‘opération was pertorn:ed wlnle chnogmg the thnee
Kinds of forceps manipulators several ‘times {1-3). Sefe. ‘and quick
removal of mtegratcd foreeps’ mampulators from the slave manipu-

e Spﬂisf-t:f—

lator system during a surgical operation was realized and the prob-
ability of feasible interchange of forceps was indicated (Fig.-1). We
could realize real-time modular slave manipulator system, which can
integrate mdependently dcveloped functions! forceps.

Fig. 1 In vivo experiment: e Overvnew of maester-slave operation b
Ablation of' lnle-dum using electnc scalpel foroeps
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Evalnation e:'perlmcnts on wide FOV wedge prlrm endosoope
Keri Kim - Kiyoshi Mntsumlya Ken Massmune -+ - '
Takeyoshi Dohi .

Griaduste School of Information Science and Technology,

The University of Tokyo. Tokyo, Japan .

’ !\eyworth Endosoopnc surgery - Minimally invasive sirgery -

Wide field of view - Wedge pnsm Medical robot

1.Introduction )

We have developed the endoseope system that can be used to ob-
serve a wide field of view without moving or bending the whiole
endoscope system (1, 2). By attaching two wedge pristns at the distal
‘tip.of general rigid endoscope and rotating them respectively, the
direction of view can be changed. Accordingly it is possible to ob-
serve a wide field of view with the endosoope being fixed, and it does
not damage body tissues or internal orgaris. In this study, a coiple ‘of

-evaluation expemnents have been conducted to confifin that this

endoscope system: would be acceptably used in duneal use.

2 Methods

Firstly, the’ maximum moving angle of loenl field oI viéw and the
global field of view was measured so that we could check that this
endoscope system is able to observe sufficiently wide field of view.
Secondly, we conducted image quality evaluation about chromatic
abérration, resolution, and distortion. Finally, we conducted 2 per-
‘formance evalustion about moving, field of view because it is
important to observe the area which the surgeon needs to see.

3 Results and conclusion

As & result; 93° FOV was obtairied by using 55° FOV rigid codo-
soope.andtheduectmnotvxeweanbechanged&ommol? In the
image quality evaluation; there is no significant problem now, but 10
improve image quality, the distortion is desired to be ©

In the performance evaluation, ficld of view is- fhoved in alfowable
rahge, but return:to-the-origin-error may as well be corrected be-
cause it might affect to degrade the accuracy of the movement.
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