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Ultrasomc motor drmng method for EMI-free lmage
m MR lmage-gmded surgncal robotic: system

Takasln Suzuk:, Hongen Liso, Etsuko Kobayasln and Ichiro Sakuma

irotious lﬂggcr and lhe ava’lla!rlmy of iequcnee-hased
nolse ndudlon xnelhod.

l IN'anUC'rION
' urgeryco tédor lhtee steps: preopemxve

"Whlle imagmg

stic abiluy\and enables :

; surgical ‘operation. ‘Sofié ‘of ‘them - are ootnmercmlized and
. bcen clxnwally apphed in _neuro, orthopedic, cirdiac,
abdomiinal surgery us; integration of intraopera-
tive images and surgical mampulalors w:ll lead to. exccllem
surgical operations.

A. Probleris in MR image-guided rabot manipulator
. MR imaging is one of the most attractive modalities
because of its remarkable fé’thr'fs' nonradiative. 'nonihvasive.
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im'd ad\'ranoed imaging such as 'angmgmphy and temperature
mapping. There are, bowever, many difficulties in collabora-
tion between an MR scanner and. surgical manipulators.

Magnetic melerial are used for most of mechanical parts -
““and electromagnetic (EM) motors. They, however, cannot be _
- used under or.beside the high magnetic field of MR scanner
becanselheycouldbeahaurdbybemgamaedbylhe
magnetic field. The existence of matnetic material also can
be a problem because the bomogeneity of the static magnetic
field of the MR scanner is distorted. It leads to distortion of
tie acquired image. In addition, a surgica) manipulator must
not emit EM noise because noise degrades the image quality.
MR scanners are weak against EM noise because the MR
scannér is-a very sensitive sensor that receives minute EM
signals from protons inside the body.

Thus, an MR image-guided surgical mmipmawt is re-
quired to mecl ‘a: series of specifications for safe operalion
and good image quality. It must be compatible with MR
Imager (MRI). “MRI compatible”. Chinzei, et al., quoted the
definiition of MRI compalibilily from [2) as follows; I)itis
MR safe, 2)'its use in ihe MR environment does not adversely
impact the imaging. _quality, 3) it performs its intended

" function when used in the MR environment according to its

specifications in a safe and effective manner [3). Rapondmg
o these requirements, limited MR} compauble inaterials,
actuators, and: sensors are vséd in the magnetic field of
an MR scanner. Enginéering plastic, ceramics, titanjum. and
-aluminum are used instead of iron and stainless steel. In place
of EM motors, for example. piezoclectric ultrasonic motors
[3), [4]. 15). [6] and hydrostatic transmission or pneumatic
actuators [7), (8] are used. Optical position sensors are used

“to eliminate electrical noise {9), [10).

Altbough- some ‘researchers succeeded in manufacturing
~ pncumatic actuatar for MR-oompalible manipulator {11),
(12). they are not commercially available as a stand-alone
actuator. Ultrasonic motor is  the most widely used MR-
companble actuator [13]). The ultrasonic motor has vari-
ouis advantages; compact and ‘light ‘weight, bolding torqn_e
without a brake.. The body of ultrasonic motor body is
MRI compauble. but EM noise is generated during motion.
Because the EM interferetice degrades image quality, im-
age acquisition and motor actuation could not be realized
simultaneously. While Chinzei, ét al., showed no significant
degradation of .images when the actuator was located near
the isocenter of scanner, Koseki, et al., showed the image

" noise caused by motor actuation. In the aulhors preliminary

,experiment, the image degmdauon by motor actuation was

also observed. In some cases, actuation of ulirasonic motor



resulls in no image degmdauon. but the noise problem cannot

. be ignared because the ultrasonic motor surely emits' EM
noise. -Responding to the noise issue. two soluuons are
usually employed _ -

One is distatice sq:arauon Actuators are located fer away
from scarinér or set up ‘ovtside the MR room. Motion of
the actiator is transmiued via mechanical elements such as
linkages or cablé/beli-driven. mechanisms, which results in
increased size and torque loss during transinission.

The other soltition is 1o shiat down the noise source. Actu-
ators dre powered off during scanning so a5 not to incerrg‘re
with image acquisition. The first MR image-guided manipu-
lator for steréotactic neurosurgery pmcnled by Masamune,
et al. employed “this -Diéasure because they had no ‘ne-.

cessity of -actiation ‘during image scanning {4). If organs -

are et mnly static, realtimc - imagehsed navigation is
Anol necessary. Howeye wben the target is' a deformable

-éasy- (0 -shift, freqiient scanning - is required. Repetition
of° shuldown -and restart’ of ‘the- System may elongnle the
opemlmg “time. Moreover, nonsimultaneous i imnaging cannot
elimindie time lags between xmage-based miotion planmng
T and molor actuation. _

'_'les af mxlume}magmg in; MR image-guided ra-

and intmopcrauve evaluaimn of thc necmsns region Because
mdxofrequency cutrent for ablation: causes inlerfeterice with
‘the -imaging sngnal the” acqmred umge was - aﬂ'ecled by
noise and results in a so-called “sandsiofin” ﬂnage Some
rescaichers. have ‘tried to- acquue noxse-ﬁee iintiges during
_ ablation therapy. , -

‘Oshifo, et al., used a bandpass ﬁller to- ehminale the RFA
generator’s nonse ‘and 10 rece nly fhe imaging signal {14].
“gggng "However, if the

. begins 4 "conlinues unul the next samplmg time. This
: _method also contribiited Vo ‘dcquiring noisé-free images. MR
imager, however, outputs a specxal command signal as a

. switching tnggcr 10 stiow the timing of sampling time. This

" measure requires modification of -scanning sequence -and
-cannot: be always appbed dependmg on the manufacturers
of MR scanncer. :

C. Objecuve

The- purpose of this study. is lo- realue realtime image
acquxsmon and motor actuation simnltmeously for MR

Fig. 1. Basic pulse dembﬂwmtoWIMof
protons (noisc-tolerunt time).

image-guided robot surgery. We propose & novel MR image-

“compatible - motor control method, that is -manufecturer-
independent to allow wide application regardiess of the
"manufacturer of the MR imager.

1I. METHOD
A Basic prmclple

A pulse sequence in ‘MR image acquisition generally
repeats the following operation: 1) a series of excitation’.
radiofrequency (RF) pulses is radiated .to protons in the

- selected slice; 2) at the time when the echo time (TE)

bas passed, echo signals are received by the scanner; 3)
the scanner waits for relaxation of protons before lhe next
excnauon

In this study, we use lbe time period, the so-called “dead
time, waiting for the relaxation of pmlons The scanner
does not receive any signal in dead time, sb, of course
cannot feceive noise; thus, 8 rioisy signal bas no éffect on
image quality. We call this time period the “rioise-tolerant
time" (Fig. 1). Pseudo-simultaneous image acquisition and
manipulation are availablé without interference if the miotor
is actuated only during the noise-tolerant time.

This technique can solve the probiems in the former
studies; clear images are available even if the bandwidth of
the noise overlaps that of the image signal, and the operation
time would not be elongated by switching between image
scan and moior actuation because the motor is actuated not
“between” but “during” imaging.

Here we need a- technique to conu'ol the MR system
and motors synchronously on an appropriate: time schedule

 because motor actuation must be completed during the noise-

tolerant time. As mentioned above, Zhang. et al., used a
timing signal from the MR scanner as trigger [15], but this
‘cannot be widely -applied because ihe timing signal is not
always available. dependmg on lhe mannfaclmcr of the MR
system.

We propose & novel’ synchmnous methiod that does not
use an internal timing pulse of the MR system.- We use an
RF pulse in the MR scanning sequence as a synchronous .

Arigger. Repetition time (TR) is the tinie unit to be repeated
in a scanning sequence. As an RF pulse is radiated at the
beginning of TR. we can recognize the start point of each
TR, so RF pulse can be used as a synchronous trigger to
represent the start point of the TR. Consequenitly the MR
system and the manipulator can share a commion tiine scale,
and synchronous contro] between them can be realized.
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X uemly. 50’ that lngh accuracy of synchro-

€ synchronmuon the
MR syswn, the RF

et MR system with 0.2 T mag-
pro!otype for our expemnental

|BOI E
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thie’ amphﬁer cxrcuit. the ‘signal w
. thie binary signal was oompatibl 1 e eomputer In the
computer, we used a digital input/output circuit board (PCI-
2726C, Iiterfice Oorporaﬁon. Japan) to detect the input RF

slgnals

nd synchmnizauon will

Nmﬂ:pq.o-clecnt nlunmvihmm(sm
Cupmuonlnc..lm)- . )

3) Surglcal mampulawr -The final lmget of this study
is to realize simultancous control of the MR ‘systémn .and

o mampulauon' {o acquire no:se-(rec images and drive a robot

manipulatnr guided . by the redltime imsge. The limited
purpose of the present study, however, is the feas'blltty :
evaluation of synchrohous control 6f MR system and- an
actaator without clectromagnelic interferénce. Thus; we used
an actuator as the’ ‘controllable object and as a-rioise source
instead of prototyping a surgical manipulator. We adopted
@ nonmagretic piezoelectric  ultrasonic motor with rotary °
encoder_and its driver unit (USR60-E3N and DGOGOE.
Shinsei Ootporauon Inc., Japan), which is widely used in
MRI-compatible surgical manipulators{5}, [7](Fig. 4). Thie
motor was controlled using the sbove-mentioned digital in- .

‘put/output board (PCI-2726C, Initerface ‘Corporation; Japai)

for motion command, a DA converter board (PCI-3338) for
speed control, and an encoder counter board (PCI-6201) for

- rotational angle sensmg

4) Control computer: -A computer (CPU Pentium II1, 500
MHz, RAM: 384 MB) was implemented to integrate above
subsystems “The operaiing system was originally built usmg
Red Hat Linux 9 (keme! version 2.4).

“The task of the computer was to manage subsystems.

" When a RF signal is received , the ¢omputer recognizes

:tasthesanponntofmandresetsilstmenthenwaits :
until TE bas passed. After acquisition of the echo signals

. by MR scariner, the computer actuales the motors during the.

noise-tolerarit time, When the time for the next RF puise is
approaching, the computer stops the motors end waits for
the next RF pulse. _

In this stidy, parameter. values of TR, TE. and noise-
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. Fig. 5., Expirioaéstal seiup for (casibility test of RF pulse detection.

loleram ume were supplled to lhe computer manually We

plan to supply thiem seml-aulomaueally ‘usinig- the Digital

lmagmg and Commumcauon in Medlcme (DICOM) data.
11 EVAI.UATION EXPER]MENTS

A Ftanb:bry of RF pulse as a synchmnaus trigger

: _:The ﬁrst experlmen was' condu"led to evnlpale the feasi-

d ’lh sngnals At lhree pom!s 1) e raw- RF pulse

lved by lhe anlenna. 2) the envelope and

'wave. and “the condnuoned wive was reeemble by the
eomputer :

B. image qualuy wwith and wulwm the pmposed niethiod

We _mplemented Y slmple expenmemal setup and acluated
lhe ultrasemc motor under the mag"l‘ _ ___",' g scan; in

The: expenmemal semp is shown in Fig ‘8. I addition
o e setup in Fig. 5. the ultresonic motor was- located
350. tam from the center of the maguel. Thie cable of the
ultrdsonic motor was also Jed.to outside. -The ulu-asomc
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Fig. 6. Detail view of received RF pulse.

Tme(oueddw]

l-‘:; % RmuvedRFpul:emdmemdumdmnlu

'nloto'r driver unit "box was located outside the MR room
 The imaging parameters were as follows: scanning sequence:
FSE: TR/TE: 40015 mis: flip angle: 90 deg: slice thickness:

8 mm; image matrix: 128x128; Field of View: 250%250
mm?, The FSE-specific parameters were: ESP: 15 ms; ETL:
8. The image acquisition time was 6.4 s.

A schemiatic view of the pulse sequénce is shown in Fig. 9.

‘ .'Tbe control software; 1) wails for reception of the RF pulse;

2) resets the timer when RF pulse is received, 3) actuates

‘the miotor (100 mis) &fter TE (120 ms) and additional time 10

avoid interference (80 mis), 4) stops the motor 100 ms before

" the next RF pulse and waits for the next RF pulse. TR was

repeated 16 times in one image acquisition, and in each TR -
we spent 100 ms of noise-tolerant time for motor actuation.
The actuation time can be longer, but we simply set the time -

period shorter for this preliminary trial to avoid interferénce

between the i image signal aoqmsiuon and motor actuation.
Figure 10 ‘shows the results of iimaging: (@) only the
phantom with the door closed for reference, (b) only the
phantom with the door open, (c) the phantom withi antenna
and motor (power was off), (d) the phaniom with dntenna
and motor (power. was on, but motion was stopped). (¢) the
phantom with motor actuated with synchroiious control, and
(f) the phantoin with motor actuated without synchronous
control. For quantitative evaluation, we calculated the signal-
10-noise ratio (SNR) using the following equation (Fig. 11):



’ F:g.i;.' E\pmnlmlov tinage degraation by noise of mitor.

e'(e) sbowed‘

sed 48 an ‘itnage. In
e samc, but (f) bas

- .no noise in the imagc. ) could nf._n
. -terins of SNR. (d) ar_;d (e) are almosl
decreased by 93%. :

Thiese nsults show that our novel MRl-compatible method»

Fig. 11, Signal4o-nois ratio caleulution mietiod in o image.

;: achieved. nmse-free imnge acqnisluon durmg momr actua-
tion

. Iv. DlscussmN -
The results of evaliiation tests show that the synchronous'

<ontrol between MR scanner and ultrasonic motor decreased
- "SNR less than 8% while coniinious control decreased 93%.

Hete, we need a oermn standard to evaluate the: decrease

" of SNR. We repeated image acquisition 100 times under tie

‘condition of (a) The SNR variés almost 10% eround the

. average value cven if the imaging condition was fixed (Teble.

I). From this result, as we concluded that appmxxmalely
10% change of SNR was acceptable.

This mettiod can solve some problems in the MR image-
gmded surgical manipulator. In the former studies, ultrasonic

‘motors were locatéd far away from MR scanner {0 avoid.in-

terference, and rolational torque was transmiued via mechan-
ical parts, léading to incresised size of lmmpulalor and torque -
loss. As otir method enables motor driving near magnet, we
can eliminate the tmnsmimon mectiénism to miiniawrize the
mnanipulator. A’ compact space- saving mampnlator is easy .
to setup ‘and hiindle, and enables easy sccess o the patient
dunng ‘opération. We also have no niecessity of shutting down
the actuator driver during scanning. Repetition of shutdown
and restart of the. syslem is not necessary.

- A 'limitation, of this method is. the problem of trading -
off between scanuing speed. and. noise-tolerant time for
motor actuation. For precise tracking of moving soft tissue,

{thé scanning time shovld be shorter and a higher refresh

rate is desirable Tbe refmh fele, bowever, cannot be so



TABLE |
SIGNAL TO NOISE MTIO

ggv SRR N«mahaum
- (@] : .

®) 142533 9.2
). 1350%33 9.1
@ 1359+ 66 928
© 1389+32 928
M 102%14 - 70
TABLE II
VARIATION OF SIGNAL-TO-NOISE RATIO UNDER THESAME CONDITIONS.
— SNR _
“sverageE5.D. 543 T I .
max o R13. +8.4 % w0 average
min - 1859 _ 9.0 % (o avertge’

high heceuse high-specd scanning’ (shorter scanhing time)

leaves less noise-toléfant time for motor actuation. Because :

a certain- 1éngth of time is neoessary for start-up response,
céleration, -and” deceleration in - the control of Surgical
‘manipulator. we_cannol use the synchronous method with

" some¢ hlgh-swd sequences ‘in current interventional MRI

thempy. ‘siich_as thé muluplanar technique and echo planar
| lechmque'l'h lse wquenoe in I Evaluation
' expmmennwasj_‘lo . ' :
; me(hod as:fl '

. New pulse sequences for MR xmage-navxgated robot . mrgery
" will mnxmally use the advantagés of the proposed MRI

'compauhle nnagmg meéthod,

V. CONCLUSION ‘

‘l'lns study pmposed 8 novel MRl-oompalible method. It
realizes both noise-free image acquisition and motor actua-
tion pseudo-snmulmnously by synchronous control of the MR
scanner and. motor. considering the noxse-toleranl time in the

pulse sequence. As a mou trigger to identify the start

‘point of TR, the RF pulse signal in 8 scenning sequence i

“The results of evaluation tests showed that 1) the RF pulse
can act as a synchronous trigger, 2) the newly proposed MRI-
compatible motor control method reslizes noise-free image
acquisition, not being affected by electromagnetic poise from -
the driving motor.

To the authors’ best knowledpge, this is the first report about
the noise reduction method. based on pulse sequence in the

.field of MR image-guided surgical manipulator. Moreover,

RF pulse is firstly adopted as a synchronous trigger between
MR scanner and surgical ‘manipulator, not internal timing

" signal from MR ‘scanner. It is a very simple, inexpensive,
- and manufacturer-independent, so that widely applicable to
- any MR system.

As a future work, for the best application of proposed MRI
compatible method, we must develop new pulse sequences
oplimized for intraoperative iniage navigated snrgwa) robot
mampulalors
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lapnmscopic ‘nephrectomy .
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) angio phic interventions. A phanmm mdy
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(rnxml Inc., Totonto, ON, _Camda) ‘for image guided

‘registration emor . <1 mm),

(EM) nmaauon symm .

Abstracss 215

puinonhgdagmdewmnnphsuphnmof-hm'
torso, Methods Twenty-five metal beads representing -artifi--

- cial target points were glued onto the outer wall of water-flléd

‘tubes that mimicked biocd vessels, Addinomlmmn
mirkers were mounted to the phantom’s surface. A CT scan
with 1 mm slice thickness was obtsined and the data wis sent
via the hospital PACS system to.the navigation spitemh. A

- mfaee-mmmdpatd:mmdndmﬂymdymmhny -

reférence the phantom. Afier registration (mean fiducial
s guidewire (diameter:
0.89 mmn; length: l'ISOmm)mmdecmmw
wacking sensor coil at its tip was advanced until the target

.Sducial wis visible in the reformited axial cross-section

pmndedbythemvmmmkudzmpodma )
C‘I‘waspetfomedmdtheliuchdmdkuneeﬁomthenpof
the guidewire' to the target marker was messured and
eompatedwhhdxednuneeuvenbythemvxmonsysm
All target points were localized twice. Thie difference between |
mmmmmwwwmm
dxmamzbcwgnduﬂuedmduummmmm
enlculated.Rasuhsmgmdewmpwnonwasevalunedin
50 6cations, resulting in an overall target localization error

. ('I'I.E)oflSSmm(mndaxﬂdmﬂon 1.2 mm, maximum

3.9-mm). Discussion Electromagnetic . navigation - ensbles
accurate tracking of instruments inside the body that is not
limited by -the line-of-sight restrictions affecting optical
tracking systems. The low TLE measured -in this study is
likelytoinueasexnchmealmeduetoacombmanonofm
including to registration and uncompensated motion (respira-

‘tion, .cardiac ‘induced monon). ‘bt sccuracy should be

sceeptable for many interventions.
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Precise micro-laser ablaﬂon cynun with intra-
operadve fluorescence image gnldanee
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'Combinaﬁon of intra<operative medical imaging such as intra~

opmdveMRl,malumuonmmdmnlmbm,
will become impormnt technology for the minimally invesive
surgery in the furare. Seversl technologies should be devel-
opedforthmpurpose.Oneofpmmkingmm—opmuve
imeging modslities is optical imaging such as Suorescence
imsging. Recent progress in seléctive tissue staining dyes
uumapcmibletoobnm important pathological information
by intra<operative optical measurement. We combined system

of tumor détection by 5-ALA-induced PpIX fluorescence and
precise eblation by micro Iaser for the first time, with an
automatic focusing and mbdﬁcscannin’gmecbanismfotdxez
brain surface. -

We developed s combined system of tumor detection by 5-
ALA-induced PpIX fluorescence and precise sblation by s
micro laser for the firsr time, with an sutomatic focusing and
robotic ‘scanning mechanism for the brain surface. S-ALA
accumaulates on tumors to be mewmbolized to become PpIX
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- that is nuomt lnu-a-opennve detecuon ‘of 5-ALA
induced . Pp!x uomcemx provades useful infcmmon for

sséd bycmmotomyunderanesﬂmia Bcﬁoretheexpen_

ment, SiAl.A wis ‘adtninistrated in ‘sufficient quantities to
aecumﬂauonanomdbmmmuemdmmbohuw
becomePpD{.Ahalfofthcmmuremmxmwaswvued
with dura matter 10 stop ﬂuorescence signal emission. J¢.wvas
-possibie_to- extiact the area with ﬂuomcenee ‘sppropriately
from the mmnmnent ‘dats, @énd -thé micro laser with

automaucally smnnms sdecuvely ablated the extriicted area.

WS4-7 .

Fully automated- registraton of lntraoperatlve
Compnaer Tomography image data .

‘Geoig: ngeu' ‘Bodo Kress®, Joachii Muchling'

'Oral and- Cramo.Maxtllofacnal Surgery, Heldelberg
University, ‘
’Depamnent of Neuroradxology Heldelberg Umvemty

' lnu-oducuon.Pa ent 'tb’iijﬁge‘-r‘e‘g':su-anon g pwuéquuite for
-be it mmganon mtans,

_Ruulu m avu'age taxget regmnnon error was alwayn
’ .bem:r than l.Smm lnnccunua were dnmibmed homo-

-8 tracked C’l'gamryis an lecumte ‘registration méthod. It is
now in rounnepauentcamuseandhmpmmmvalue

WS4a-8
- Innoguide - A new. devlee for stereotactic braln
biopsy under. condnuons MR-lmaslng

Uwe Spetzger . Gerd Winkler!, Sebastian Amoldz Ulrich
Altdoerfer’, Peter Reimer?, Thomass Remmele®
'Neurosurgery, Kiinikom Kafisruhe, Germany,

" 2Depanment of Radiology, Klinfkum Katlsruhe, Gmny,

Mnnomedic, Herkheim, Gumnny

Inrodiiction: Steresactic biopsy of cefebral, lesions ° is-a
muunepxocedmmnmmgery Aﬁameisﬁxedanbe

. patients head and & CT or MR-scan is perforined. These

coordinates allow an exact locslizetion within the bisin and
theua)eﬂoxyphnnmgmmdnhemgetwuhlheprobe.m

~ stereotactic surategy is not only scd for diagnostic purpose

like brain biopsy, the precise placement of cathetérs -or
electrodes also allow therapeutic regirens. Generally, in local -
angesthesia @ small burr hole is performed and-a biopsy
needle or electrode is placed into the plannied targer aréd, At
present, various MR-tomognpln are_ installed in operating
theatres to allow neurosurpcal pmwdums under radiological

“control. Our idea was 10 bmgthewholemtacucm-np
_into the MR suite, and not the MR into die OR. Metiods: In
_an industrial scientific ¢olliboration we developed 8 fullyMR-

compadble stercotactic flame. All components and maierials
fit into the gantry of a conventional high.field 1.5T mchme
Therefore, the rediological control of tlie stereotactic proce-

" dure s - possible in realtiine. The movement and final
- posmomngofdzebmpsyueedlemddubxopsym!ﬁsvxﬁble

on-line, diue to ongoing - MR-image acquisition . during
surgery. Results: The planning, ‘the developmient and the
coastruction 6f InnogmdeTM is demonstrated, Initial Tests, 8
phaniom study as well as a_ feasibility smdy with 8 cadaver
head sre shown. Mecanwhile, the first clinical results of our
ongomg pilot study with 8 panznu sre gvailable. ‘Conclusion:
The workflow of the .whole stereotactic procedures is

. improveéd and it also enhance the mtcmon and the nfety

for l.he patiént.
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A Realtime Navigaﬂon for F.ndoscoplc Surgey
based on multimedility medical imagings:
ExperlenceswlthBOcllnlealcasea fe

'Kozo Konishi®, Masshiko Nakamoto? | Yothihuo Kak:n’

Kazuo Tanoue®, Hirofumi Kawanaka®, Satoshi Jeiri*, Ichiro
Yoshino®, Yoshinobu Sato?, Takash: Mseda!, Yoshi.hiko
Maghara®, Makoto Hashizume*

‘Depamnem of Future Medicine and Innovative Medica
Infoxmauon, Kyushu University, Japan,

3Division of lntcrducxplinaxy Image ‘Analysis, - Osaka
Univemty Graduate School of Medicine, -

3Department of Surgery and Science, Gmduaxe S&ool of
Medical Sciences, Kyusha University, -
4Center for Integration of Advariced Medicine, ure Science
snd Innovative Tedmology, Kyushu Unlvumy

" In the endouopnc surgical” ﬁelds, more m!'onnauun which

could be used mmopemnvely is stmngly demsanded Three-
dimensional reconstructed images dre useful imaging mod-
alities tomnthesmgeonmendosoopxcmcy We
expected a new magneto-optic hybrid 3-D sensor configura-

- don, and have developed an augmeuted realigy navigation

system using ad -accurate three dimensional sensory system
thatcanbeun!uedmeudoseopxcnngery The system has
accommodated oblique endoscope, real time distortion
corréction of magnetic ficlds. We have established ‘com-
bined' navigation system. The complete system consists of 8
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Simulaﬁon and evaluation of control of t:p-rotauon intended for the

multl-DOFs bendlng forceps eqnipped with Ultrasonically Activated Scalpel
YYoshnnum , T. Hesuo ® , E. Kobayashi®, H. Iseki © » R. Nakamura , 1. Sakuma *
* Gréduate School of Engineering, The University of Tokyo, Tokyo, Japan
Y Graduate School of Frontier Sciences, The University of Tokyo, Tokyo, Japan
¢ Gradiiate School of Medical Scxences Tokyo Women's Medical University, Tokyo, Japan
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='Absztact Integration of surgery-assisting misnipulator end magnetic resonance (MR) image-guided surge:y will provide

sopbisticated surgery by enhancing surgeois’ dexterity and diagnostic ability. ‘Electromagnetic noise from sctuator and
sensor of manlpnlator, howem, degra.des the’ quallty of MR imaga We have introduwd & novel motar oontrol method

sipml acquisition. The 1**‘téport showed. the feasibility of noise reduction by synchronous motor control. In this study,
wexeportthevadazlonofs@al-to-noisentio(SNR)dependingonthedlstaneeﬁomeenterofmagnet. In evaluation .
m.u}monicmotorwaslocatedatthed!stanoeofzm 850, 500 mm fram the center of magnet. Imaging phantoin was
" scanned using fast-spin ‘écho/gradient echio wlhiile motor was actuated continuously/synchronously. SNR was calculated
,&omacqu!redimages Thoughlntheoasesofzoo,%Om,meoummndwuwdtheSNB.mthemeofsm
. mm, SNRof. synchronous motlon was tiot bélow that of continuous one. The results showed synchronous actustion is -

validxegudleesofd!staneeﬁ-omeeuterofma@et andd:stanoeaepuatxonnsaomeﬁmesnotenoughmeum
Key. words: Magnetic resonance  imaging, Intraopérative MR, Image-guided surgery, Surpal manipulstor,
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