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,‘; requnedformedxealmboueamnlmen.weueetplamgmnelenmpnnngminga
_ mhﬁeadofulymgonthemksehednduhsednponloadhhnan&we'
: model&atdoanﬁemmdu&empologyofthemmuuonwwmkmwmkns
“"‘forhm:tedbandwudﬂ:mtomdoutofthepmeessox.htneymdovahadWe
pmallelalgomhmseenbedmvedmdevalmtedmgthismodel o

ord "'Medxealfmbot. &ngtulmmulauon.l’anl!el processing, Theory of Computing

llntroduenon

Byextendmghumnsmgeon’sabmtytoplanandwry :
;out surgwal intérventions - more aeem-ately and less
,mvasnvely, eomputer ,mded‘smgleal system meludmg

system§ pernnt plannmg and
evaluation ‘of the robot and/or reliited surgical equipment

beforetheyareusedmthesnrgexy‘rheypem:ttﬁe'
away from the- clinical

prog'ammmg ‘of - robot’
‘environment in whick it miust operite. The' risk of damage

wtedueedxfmspom‘bletov:suallymslaecuheexemuon '

11 . be one -it is .éxecuted

ofthetaskonagmphxc

nd unlike mdusmal
. . Og o -an wnstructored
clinical envlronmen vm.h miiny variations that will
demand frequent piramete
simulation. . ey

Inomvxrmalmed:eal mbouesystemsfor ﬂuoroseopxc

image gmded needle - insertion, ttie robot and C-arm are

mwwd a8 mdependent robotic models.in one ‘work

insertion with' unobstmmd vnew from C-Am and

' miniinal X-ray dosage.

Despite the recent advaneeﬁent of pamllel eomputmg

«'thxs‘xs a eomplex and .

ter : ch(angec and mtemcuve'

sxmulanon is to dérive with our
- conceptual robot the optunal needle plaeement and

hardware ‘such as workstation cluster, and reeently,

microcomputer system with multiple core processors, it
reniains an issue on how to fully utilize this computing

hmdwmtodehverophmalpert‘oumm In this paper,

we describe our mvesugahon ot two theorétical models

~for cluster and multicore computing mmeuvely for

medical robotic sunulauon.

2 TheLogPModel . .
" 'In LogP model {2; 3], eommumeauon betweenA

pmeessorsxsrep:esentedbyasetofparameters,and
through @ broadcasting media. The LogP model is

,onglmnyta:getedasamodelformulupmessorsystems

and is mdependent of the communication mnetwork
topology We want to use the LogP model to design and
evaluate parallel/distributed nlgorithms for real time
simulation of" robot operations..

The LogP model we use contams the following

components

o P processors. that  run esynchronously and

) independently.
e Aninterconnection network whose topology is of
no concern to us, except that we know:

‘o g, a single parameter that accounts for -

limited bandwidth into and out of the
processor. It is the rate at which a
processor can send words . into the
networkwhenxusteadytodoso

o Listhe latency.

o o isthe overhead, aeeountmg for all other
ume in the .exécution of the remote
instruction during which the proee&eor is
unavailable for computing.

g approximates (1/B) where B is the bandwidth of the
entiré netwark. If an instruction is executed at a source at

time ¢, the sohm_on is not available at the destination until

BXarBa—sNBEREAS




t+L. Themodelxsnseﬁﬂwhennmbeusedtodwgn
anddevaluatea large class ofalgomhmsrelatedto tobouc
szmulanon.

3 Perfomance Evalmuon mmg I.ogP Model

We will stan by provmg ‘the desired performanee of
this mode using ‘one-to-all bmdnasnng in Lemms 1, and
: all-to-allbroadeasungml..emmaZ One-to-alland

* dll-to-all broadcasting are fundamental operatichs that -

appear many time ‘as- subtasks in -medical robotic
simulation: Note ‘that .g is ‘the most important factor
considered in our theoretml analysxs, and to transmit

elements from one pxoowsor to anothcr pmcessor requires -

O(ng) time.

Lemmia 1: One-to-All Bmdeast
‘ lfonepmcemorneedsto send n -elements to all othier
P—I procwsors, ucan be done in O(nglog P) tune

S\;pposethatthemj 'Pprocessors Any one processor
) Send a 'y _._‘_-elements to all other

s ang P) It is clear

log P):
.thc O(ng !og P) hme

tmnsxmss ons of the n elememé
: _All-to-All Bﬁ:gdeast

0("8 tlme thh 1o conﬂu:t. Ce

Supposethattherem?promsotsandeach
proowsor wants’ to sendavectorbtoallother

pmc&soxs.lt is. obkus that this will fequire O(ng P log
, P)umelfwewxlltousepmcedmeOne-to-Alleadcast
Pumwtoaecomphshthetask. Amorenatura.lway:s

V074118

all focessors: need "‘sendnelementstoallother‘
andthere" Ppmcessors,xtcanbedonem' :

gwen mpmwdm Allto-All Broadcast. lt is clear that
thuelsnoeonﬂxctmcommmeanonandO(ngnumexs _

required for this procedure.
I.zmnnlandlmngprov:dethedxeonucalbas:stoA

.' dmvemdevaluatetheomuealopnmalalgomhmsfm

other parellel scalar and matnx operanons

Proeedm-e One-to-An Broadcast {
If all processors receive b then stop :
Else recursively transm:t to the next two
-processors that do not'yet reeewe b
}
ProcedmeA]l-to—All Broadcast{
For k=1 to P-]
" For each processor p do in pamllel
Send b topmwssor(pm) mod P
Receive b from processor (p-k) mod
P .

3
Fig.1 Broadcast algorithms

4. Discussion and Conclusion

It is difficult is achicve optimal performance on
parallel/dmbuted computing . sysiem using typical tasks
schedulmgmetho&hsedonlmdbalmm “In' this paper, we

‘'described our investigation on the ‘spplication of LogP mode)

'wh:chxsatopologymdependemmodel,mdmmonmd
‘ evaluanonofpanllelalgmthmformedxulmboncmnuhnon. .

Our work on the LogP model focuses on efficient computation.

-;nlsxsdxﬂ‘crmtﬁ'ompmwomworksthateonmnted

pnnumly on comnnmcatxon. .
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Complete mection of glloma_ls requlred 10 ol)taln a

is difficult for nenmsorgeons 10 idenﬁfy the bonndary
between glloma and normal tlsue using the naked eye

alone, somrgical ssil systenis siich as surgical
navlgati n. systems l'or th ,detecﬁon of brain tumor

Keywords system mtegmtion. neurosurgery,; distributed
o system. S-atmnolcvuhmc acid, nav:ganon system

- In.recent. years. & number of tesearch laboratodes are

expected to- develop devices and systems supporting min- -

* imally invasive surgery.and its effects [1=3). ‘In order to
- perform-more effective sutgxcal operations, appropriate

computer-assisted surgery is:needéd based on the required -

function, so an mtegrated system is néeded that supports
surgeons in an envmonment in whxch surgical devicés are

_ ‘integrated.

In ordér to integrate a system, commumcauon software
. is needed for connecting comiputérs that control and man-

age multiple surgical devices; as is software to mutually
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tntegmte individual systems. If the development environ-
ments of individual systems differ, it takes much time and
cost to develop such software.

Asa solution, we have developed an mtraoperauve in-
formatton integration system utilizing distributed object
technology (middleware) [4). When using distributed ob-
ject technology, differences in operating systems (OSs)
and hardware are msade transparent and the development

- of application software operating under different plat-

forms is facilitated. Paralle] processing to distribute a load

over multiple computers then becomes possible [5).

For these reasons, computer-assisted surgical systems
using dtstnbuted object technology are being widely de-
veloped Knappc et al.; for example, developed a navi-
gation robot reusing an existing system having a different
development environment and specifications to reduce de-
velopment time and cost [6). Schorr et al. distributed the
calculation Joad of image processing, which takes time in
nav:ganon pmcessxng, by using muiltiple PCs to develop a
navigation system enablmg real-time information presen-
tation [7). For improving performance by reducing devel-

. opment time and cost and distributing the load of calcula-

tion processing, computcr-assnsted surgical systems have
thus been developed using distributed object technology
[6-8). -

When consxdermg the construction of . an mtegmtcd ,
computer-assnsted surgery environinent, a problem arises

in a distributed system using multiple computers because
- individual computers do not always indicate the 'same
- time, and the positional information of computer-assisted

surgical devices may not be mutually associated correctly.
To solve this problem, we must standardize time informa-

. tion, including mutual time synchronization of subsystem

components and the integration of positional information.
The integration of positional information has been fully

discussed in an integrated system using multiple surgical

devwes [6-8). Time has not, however, been sufficiently
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for surgery assisting system is consisted of global position .
server, global time server and components.

clarifiéd and standardized iri conventional studies.

In dealing with biclogical information, the positional
- information of organs variés from hour to hour as typified
by bodily movement. To integrate biological information
from moltiple measuring instruments, the timing between
measuring instrunients must be standardized highly pre-
cisely. _ e

_Based on the above, we use not only distributed ob- -

ject technology and. but also develop-an integrated plat-
form focusing on the integration of positioning and tim-
ing. Our discussions here focus on the highly precise stan-
dardization of timing, which is important for performing

advanced computet-assisted siirgery. We then apply the

- integrated platform to an actual surgery-assisted system
for neurosurgery and verify its.effectiveness through an
evaluation expeiitirit, as reported in the sections that fol-
Jow.” S , oo

2. Methods
2.1, System Configuration

‘We focus on three functions for realizing an integrated
platform for a computer-assisted surgical system;

1. The integration of surgical devices having different
development languages and eavironments.-

2. The integration of positioning information.
3. The standardization of timing information.

In ‘order 1o realize the integration of surgical devices

having different development languages and: environ-
ments, we use distributed object technology. In crder to
realize the integration of positioning information and the
standardization of timing informiation, we established a
. time-synchronous seiver for providing standardized tim-
ing and positioning inforination servers fof providing in-
tegrated positioning’ inforination"in the integrated plat-
form. We also provide comniunication software compo-
nents for connecting components of surgical systems with
the present platform (Fig. 1). :
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Tuble 1. Classification of middleware,

oS l;anguage' "Real Time
- independent | independent _
[ JAVARMI © X A
. COM. | x O A
CORBA (@) ~© A

2:2. Use of Distributed Object Technology

"Widely used middleware includes JAVA Remote Mes-
sage Invocation (JAVA RMI), Distributed Component Ob-
ject Model (DCOM), Common ‘Object Request Broker
Architecture (CORBA), and the Network Data Distribu-

" tion Service (NDDS) (Table 1). CORBA is actively stud-

ied and developed, having many supported development
cavironments and programming languages [5-10).
Communication in CORBA is -based on TCP/IP, In
TCP, data lost during communication is retransmitted
(Retransmission Control). Communication is controlled
to adjust the amount of data based on available commu-
nication conditions (Congestion Control). TCP retrans-
mission and congestion control is effective when data is

- transferred securely to a destination, but communication

time cannot be estimated because data retransmission and
the transmission amount are adjusted.

Unlike TCP, UDP does not perform retransmission
control if communication information is lost during com-
munication. While transmission of information is riot en-
sured, communication having an immediate response is
realized. In the control of mechatronics equipment, which
requires strict real-time performance such as high-speed
sampling, communication control having an immediate
response rather than data reliability is needed. In con-
trolling a computer-assisted surgery robot, UDP commu-
nication js preferable. By adding functions of retransmis-
sion and congestion control to the communication based
on UDP, reliable communication such as TCP can be re-
alized. -

__In the present study, we used NDDS (WaveWorks(R),
RTI, USA), which is a type of distributed object tech-

- nology based on UDP/IP [11). NDDS uscs a Real Time

Subscribe (RTPS) communication model, which does not

-require an intermediation server or irrelevant request mes-

sage.

23. Integration of Standard Positioning Informa-
tion by Positioning Information Server
In managing systems by using an integrated coordi-

_ Dates, sctting position of individual equipment are mea-

sured by using an external sensor, which we also use, and
based on this, information from individual equipment is *
integrated into the standard coordinates.

External sensors include mechanical sensors measut-
ing the location of the tip of a multijointed arm by an en-
coder detecting the angle of each joint, magnetic sensors

Journal of Robotics and Mechatronics Vol.19 No.3, 2007

@.ﬁ’.

~ —
-

18




detecung positioning by generating a magnetic field and

_measuring the intensity of the magnetic field by a mag-

netic field sensor attached to a probe, and optical scasors

detecting positioning by-using a CCD cameis to capture

the light reflected from an exclusive reflective marker at-
tached to aprobe.
’l'heareemeasnredbyamechamcalsensor:s limited

* to the driving range of a robot’s mechanical arm. -Mag-

)

netic sensor measuremeit esror occurs due to magnetic
matenalsamtmdthetargettobemeasmed and this re-
stricts its use. depending on the surgical environment. Op-
neal sensors involve the problein of blocking by obstacles,

. butenabling umestncted measurement and compamuvely

higher measurement acciiracy.

. Based on the above, and consxdenng reliability, expan- -

sion éase, precxston. and the environment used in mea-

sufemment, we used an optical three-dimensional position- .

ing measurement devicé (POLARIS®, Northem Digi-
tal Inc. Canada) that uses reflective markers. Its sam-

pling speed is: approxxmntely 60Hz and rootomean-square
(RMS) precision is 0.35 mm- in posmomng measurement
of reflective markers. The positioning information server
measures posmomng information of the surgical device

-set up-in the operating room and integrates coordinates

with an optical’ position measurement device providing
the standard coordinates, :

24, Standardization of Timlng Informadon by

'ﬁme Synchronization Server
24.1. Requirement Spedﬁcations

OS generally standardxze mtegrated time systems us-

g C 'je protocols (NTP) via Intérnet connection.
The NTP uires cortect time; usmg the Global Position-

" ing Sys tem(GPS) to ijllSl tnternal oomputer clocks based

@ ;

onworld standard time. '
In.formanon must be managed highly conﬁdent:ally
when trentmen mfonnauon mcludmg private pauent in-
iy, which is why data is not usu-
ally tmnsmttted received via the Internet. Conﬁgunng
‘practical compuiter-assisted smgery nequtres an integrated
platforin, regardless of the s system efivironment, where in-
formation among computers in the operating room is lim-
tted to LANs (LANs) JFor this we use a time synchroniza-

" . fion server generanng a standard LAN time that differs

froth actual time.

- To realize integrated computer-assnsted su:gery. infor-
mation from ultiple. measunng instruments must be in-
tegrated so that subsystem time is synchironized with cur-
rent standard time. In mtraoperauve loggmg recording
surgery informastion, massive bleedmg is a serious prob-
1lem, before and after which mformauon on eqmpment and
opcration is recorded as a ume-senes. allowing alag from
actual time.

The time synchromzauon server. |ssuing standard time
in an integrated system operates connnuously If o fail-
ute occurs in a single time synchmmntton server, stan-
dard time is lost, so the time synchmnizauon server is re-
booted, which loses consxstency with time in intraopera-
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tive information recorded previously. Standard time in the
integrated system must therefore be maintained regardless

~of problems in the time synchronization server.

When dealing with biological information, precise
treatment information cannot be obtained if a time jag ex-
ists among measuring instruments. Tokuda et al. mea-
smedhepancmononmbteathmgtoshowthatapo-
sitioning variation of 50-60 mm is created at intervals
of 7-8 seconds [12]. When position accurécy required
for computer-assisted surgery is 1 mm, to obtain accu-
rate treatment information for an ever-changing organism,
time maust be standardized to within 100 ms. To do so -

" while considering the communication time lag, time reso- -

lution, and lag of measuring instrumeats and the time lag
of the drive used together, it must be as fast as possible, so
we set it to 30 ms. Under the system environment limited
to the LAN, (a) time is precisely standardized at 30 ms
and (b) the time synchronization server is fmlt-tolerant
ensuring standard time eonnnuny

2.4.2. Time Synchronization Algorlthm A

- A time synchronization server. having hlgh precnsnon
standardization of time and fault-tolerant performance re-
alizes functions according to the following flow:

(a) One of the subsystems .is started asa time server.

() When a new system is added time is synchromzed

with the present time server.

(c) If a failure oceurs in the present time server, another
subsystem becomes the time server to maintain the
continuity of time management in the system.

2.4.3. Bigh-Precision Standardization of Time
To realize high-precision staridardization of time, it is

" necessary to consider two things:

« The lag created by the’ progress of the clock of each
computer

"o The lag created by the communication time delay at
_ the time of synchromzauon

Regarding the lag created by the progress of the clock
of each computer, progress can be adjusted by increasing
the frequency of updating with the time synchronization
server. The lag created by the communication time de-
lay at the time of synchronization denotes the precision
(hereafter, time synchronization precision) when synchro-
mzmg with the time synchronization server and the cor-
rective effect.of lags due to individual computer clocks

‘depends ‘on the ume-synchronous precxsxon of lags due

to the communication time delay at time synchronization.

. Accordingly, to perform high-precision time synchroniza-

tion, it is desirable to solve the problem of communication
delay time. ‘

In CORBA, TimeService is prepared as a service for
synchronizing time [13). It only obtains time issued by
the TimeService, however, and communication delay time
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is not considered. In a one-to-one client-server system
- configured in a LAN environment, Dalton et al. show that
there is an unsteadiness of communication time of from
4 'sevetalmstoseveraltensofms [14]." Schorr et al. show
that a maximum 40 ms delay is created in communication

processing time [7): Depending on the communication -
environment to be used, reliable time synchmmzanon is

- difficuli to achieve when eommnmcanon delay tune is not
considered.

In the present article, we employ a time-synchronous
algorithm considering the communijcation time based on
aformula (1) proposed by Cristian et al. [15). In Cristian’s
algorithm (formula (1)), ldopba‘ék:time_: (T2-T1-5)
from the client to the server is measured, half of the loop-
back time (T2 y 3 =S8)is added'to the time (Gaerver) SNt
fromthe server; and the. ume-synchronous nme (Géieny) is
obtmned. _

G+ ——(T2 g’ 5,
Gg]jgn( nme-synchronous time
Girver: time of time-gynchronous server
. T2: time when data is received from server
‘T1: ume ‘whien data is seat to server
S: processmg ‘time’ at: server

© The problem thh this metbod is that half of the loop-
back time: cannot-strictly be said:to be communication

Gchem

time. ‘The factor is cited that the round-tnp communica- -

tion tirne .of the: network is-not always the same. When

. the loopback time is short enough, the round-tnp time lag

is small and can almost be neglected. That is, in the case

of'e ploymg Cristian's meéthod, nme-synchronous preci-

~ sion is. nnproved by synchronizing timé when the loop-
back time is shoit, but.communication condmons of the

network are not fixed, therefore the decision criterion of -

whether loopback time is short or not should be decided
according to circumstances.

In summary, in order to realize high-precmon time syn-
" chronization, time synchmmzanonxs performed decord-
ingto ﬁows (@)to(c) as follows

(a) Measure the loopback wnh the- nme seiver 100 times
to calculate ‘average (1) of the loopback time and its
vananon (o)

®) From -8 stausueal value obtamed from (a), communi-

- canonume:sesnmatedtobe(t—o) when thenet-
wark is telanvely idle. '

" (c) When comimunication time: is. equal to or smaller
then assumed value (7 — o), synchromze time by
addmg commiunication ume o

We adopt a policy in wlnch after time synchronization,

i if the consistency of time cannot be maintained among

' subsystems, for example; whean transmitted ime precedes
reception time, synchromzauon is performed again.

_ '2.4.4. 'ﬂme Synehmnlzahon Server Having Fault Tol-
erance

The present system is des:gned tohave failure tolerance -

using the following algorithm (Fig. 2):
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Flg. 2. Flow chart of fault tolemnt time synchromzauon
algomhm .

o All systems have time synchronization servers and
clients communicating with the server to be con-
nected to the platform.

« If no time synchronization server is present, the sys-

_tem itself becomes the time synchronization server.

o When a time synchronization server is present, the
system becomes a client to be synchronized with the
server. When muluple time synchronizationservers
are present, time is synchronized with the server hav-
ing the hxghest prionity. -

o After completmg time synchromzanon, the con-

nected system drives the prioritized time synchro- .

nization server having priority. Clock performance is
measured in advance and pnonty is allocated based
on performance.

Thanks to such algoritiims, even if the currently operating
time synchronization server stops functioning, the server
with second priority (the time synchronization server in
operauon having the highest priority) starts. The time
consistency of the subsystem is maintained by the redun-
dant time synchronization server (Fig. 3). _

As mentioned before, actual time is not s6 important
that prioritization based on the clock accuracy of the com-

puter does not have an important meaning. Changing

to a time synchronization server-having a largely diffes-

- ent clock performance, however, is not desirable because

there is the possibility that a time lag'may be created in the
integrated system. Clock perfonnance is therefore mea-
sured in advance and priority is allocated in turn based on

. performance.
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l"lg. 4. Omcw ofhetv:voﬁ eomponem. '
2.5, Communicaﬁon Component Module

To mahze tifme synclu'omzauon ‘server having time

consistency’ fatﬂt-tolémnt puformance. as mentioned
above. softwaxe_to perfoxm function is required to be -

jmplemenie t-corinected to the plat-

. -form: ever, -in view of develop-

_(_l'(!._(.? mient-effici ; compondcnee to soft-

’ impl eration for each systeni, we de-

I eomponent (class library) hav-
ation function above (Fig. 4).
assisted surgxcal system to

Whén contmllm'g 2 cofi uter-assisted surgery robot, for
example. gommumcanon havmg an immediate response
is required: When- rworrlmg intraoperative information
for which security is important, an immediate response is
not necessary; instead, ordered and secure transmlssxon

* anid reception of information is required. -

We therefore xmplemem two typw of commumcauon..

modules into -the ‘communication’ compoiient o enable
oommunicanon 10 be selected based on the system: a
Rzal’l'ime commumcauon module (Kl‘ commumcauon)
to realize communication having an: mmedxale ‘Tesponse
based .on UDP/IP &nd a Reliable. conimunication mod-
ule (Reliable commumcanon) to make ‘data transmission

and reception secure through the' funcpons of retrans-
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mission control and congestion oontrol -with no real-
performaice. When information to be- transmitted is

" being transferred from a comresponding surgical device,

the communication component starts a thread -perforin-

mg time synchronization in the background to synchro-
nize time with'the time synchronization server in the nei-
work. When data is transferred through a communica-
tion interface from the conespondmg surgical device, in-
tegrated time information is added to the data as a time
stamp and data is transmitted and received by-a selected
communication module (RT' communication or Reliable
commumaanon) Regarding such a time synchronizanon

* fanction and commumcauon control of the nelwork. all

processing is performed i in the background. - - .
The above points ensure data transfer. between _plat-

forms for users without having to change the control soft
ware of the existing surgical device, etc., simply by decid-
ing data interface transmission to and reception from the
network.

3. Applioation to Neurosurgical Surgery-
AssistedSystem ‘

We have associated the finorescence “intensity and
spectrum information obtained from. 5-aminolevulinic

"acid (SALA) induced protoporphyrin IX. (Pp9) flucres-

cence with cancer malignancy as a neurosurgical surgery-
assisted system to.develop a caricer detection system for
quantitative diagnosis [1,2). Even if a cancerous area is
identified by this cancer detection system, it is difficult
to remove cancer if it is close to an important functional
region but the positional relationship of a patient’s motor

' language area to the motor area (functional information)

is mot sufﬁclently clear.
In surgery using a navigation system based on pre-
operative diagnostic information, the location of.the un-

-clear cancer boundary (anatomical information) and the

cerebral function region (functional mformnnon) of motor
lenguage area and motor aréa, etc., is presented to the sur-
geon as objective tlu'ee-dnmensxonal image information.

‘More effective surgical navigation is realized with histo-

logical information such as cancer malignancy detected
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by Pp9 fiucrescence measuremient being presented to the

surgeon together with cefebral fuinctional and anstomic

information by this navigation system. -
- We-therefore applied the position server, time server,

and comimunication .componeat we devéloped to a -
surgery-assisted system for neurosurgery. 'We configured -

an integrated navigation- system that collects and inte-
grates informiation froin multiple intraoperative measur-
ing, instruinents to-display on a'navigation screen. Func-
tions of the integrated system are realized in the following
flow: o : '

(a)'~fS;anﬂarﬂiiéﬁoh of time between subsystcms; A
(b).Integration ‘of coordinatés to unify. positioning-

~information by using a positioning-information -

sei'.ver.'f .

.(é) Co]lecuonof ;nultipié'inix;aoperéﬁve information as-

sociated with positioning.
(d) Integration of information from time information
added simultaneously to intraoperative information.
(e) Integration of preoperative and iniraoperaiive infor-

‘mation obtained from a diagnostic imaging system. -

(f) Extraction of integrated information bised on surgi-
. cal conditions to.display as intuitive infonmation on
the navigation scre¢n to the surgeoii.

The integrated system consists of the following five
computer-assisted surgical systems. - : .

3.1 Cancer Detection ‘System by Intraoperative
Cerebral Cancér Fluorescence Diagnosis Us-
ing SALA-lndaced PpIX . |

5-ALA-indiiced fluorescent material Pp9 in cancer tis-

sue is exciiéd locally using a 405 nm excitation laser to
detect -the. red fluofescence of an emission’ wavelength
-peak ‘of 635-nm using & detector-iade of optical fiber.
* The:spatial -resolution of the detector is 0.6 mm. De-
tected: fluorescence i spectrally analyzed by & spectral
photometer, ‘thien histological ‘information on the malig-
nancy: and ‘typé .of caricer is obtained as qiantitative in-

formation from the intefisity-arid spectrum of the fuores-

cence sigial (i, 5(b) (1)
- 32 AutofocusingRobot | ,
" It is essential to stable fluorescence measurement 1o

keep sufficient distance between the fiuorescence detector
and the subject being measured. . This requires an auto-

mated positioning contro! function that unfailingly makes

the operating distarice between the fluorescence detector
and the object surface coincide. In the present study, we
Placed a fluorescence probe on a surgical microscope (Mi-
taka Kohki Co.,-Ltd.) equipped with an atomated po-
sitioning control function that maintains a fixed distance
between the microscope and the 'object being measured
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Flig. 5. Integrated neurosurgical robotic platform using NDDS.

(Fig. 5(s)). By combining a two-axis robot stage (scan-
ning robot), positioning measurement becomes possible

-while the robot drive is scanning the brain surface.

In the present system, we measure positioning using a
confocal optical system in a confocal laser ‘microscope.
Positioning measurement, which distinguishes top and
bottom of an object using a principle similar to the op-
tical pickup of CDs, becomes possible by concentrating a
guide laser with a wavelength of 670 nm on the surface of
an object and using a two-fraction diode in place of a pin
hole in the detector [2). When the object is a metal with
stain finished susface, it is possible to ensure positioning

with an accuracy of 2.0 um.

33, --Nay"i-ga‘tip'n System

Three-dimensional image information is prepared

based on precperative diagnosis information such as Mag-

- netic Resonance Imaging (MRY), and spatia) positioning

of the object being treated is intuitively shown to the sur-

- geon. As the navigation system, we used a system devel-

oped by the Kyuishu University Center for the Integration
of Advanced Medicine and Innovative Technology that is

* based on a 3D slicer [16), which is free software. The

navigation system (3] displays tree-dimensional imag-
ing information, including the boundary between cancer-
ous and normal tissue and functional information on the

-brain, etc., to the surgeon qualitatively and in real time

(Fig. 5(¢)).

3.4, Positioning-Information Server (Section 2.3)

As mentioned in Section 2.3, by using an optical
position measurement device as the position measure-
ment device, three-dimensional positioning-information
of the surgical device established in the operating room

'is measured and coordination integration is performed

(Fig. 5(c)).
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3.5. Intraoperative. Logging System' -
An intraoperative loggmg system monitors and records

~ intraoperative logging information such &s the condition

and function of measuring instruments during surgety
By tracing and anslyzing logging information, it is deter-
mined whether the surgical robot and measuring instru-

ments are functioning wnhout problems, and if problems

occur, the cause of the error is checked (Fig. 5(d)).

4, Evaluaﬂon Experlments
We conﬁrmed h1gh-precxsxon time standardization of

' 30 ms-and the fault-tolerant performance 'of the time-
L synchxonous server t.hrough evaluation experiments in a

)

laboratory environment.. We also confirmed functions of

the entire integrated systemn through an-in vivo expenment N

smulanng climeal use.

4.1 Evaluation of lntegrlty of Integrated Time
In cerebral nerve surgery, some surgerics take as long

as 10 hours or more to remove malignant cancer.

Assuming -that the eomputer-assnsted surgical system '

is applied pracncally in -clinical use, we evaluated the

', integrity: of time  information with and without time-
. synchromzanon dunng 12 hours of contmuous ‘system op-

erauon '

41 Experlmental Methods

-

. (OS Redhat

For expenments. ‘we prepamd intraoperative. logging
: (_)',_ CPU 3.2 GHz. Memory 1024 MB) ln

‘ eiof each measurement system 1s transmitted
‘to-intraop erative logging at intervals of 20 ms. The time

 of each system received in a 20.ms cycle is récordéd along

‘with the time of the ume-synchronous server at mtervals

‘_,ofls

‘Under such cxrcumstanew. we evaluated time lag with

. the tirie-synchironous server with the system as is for.12

hours when (a) time is- synchromzed every 20 mmutes_
and (b) time synchronization is- not dope and left as is.

‘The time lag evaluated is the difference bétween the time
of each méasurement system, which intra-operative log-
ging receives, and the’ time when the ume-synchmnous
server is recorded. Since measurement and i intra-operative

. logging ensure asynchronous communication, 20 ms be-

comes the time.resohition, which is evaluated and 'equ:v-

. alent.to the transmission period. Communication is in a

100 Mbase-'l‘ LAN envuonmem

4 1.2. ResnltsofExpeﬂments

Table 2 shows time lag with the time-synchronous
server using the elapse of one hour as a critefion when
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Table 2. Time lag with &nd without a timesérver.

fhour] | -timeserver | timeserver | timeserver | timeserver
{mszec) {msec) (misec) [msec]
C .97 ] ~ 10
2 610 a1 | 130 11
3 | 1016 - 4] 184 1
3 1392 a | 32 10
] 1848 42 — 289 11
T € | aes | 4 | ;. )]
7 2265 43 k7S I 11
8 3003 | O 445 10
9 3502 . | 43 498 10
— 10 3913 44 30 11
1| 4330 | 43 604 10
12 || 4743 28 657 . 11

time synchronization is not done and when the time is

'synchronized every 20 minutes for Windows and Linux.

When time is not synchronized, an increase in the time lag
is.seen over time. The time until 30 ms, a required speci-
fication-we set, is exceeded takes 8 minutes for Windows -
and 26 minutes for Linux. .

When time is synchronized evexy 20 minutes, no in-
crease in time lag was seen over for either Windows or

" Linux, -More clock ﬂuctuanon was seen for Windows

than Linux, i.e., when the time lag is 10-11 ms for Linux,

~ it is 28-97 -ms for Windows. .In the experiment below,

time-synchronous server priority is preferentially given to
Linux due to its smaller clock fluctuation. For the same
OS, priority is given to the computer having better.per-
formance. To realize time synchronization of 30 ms, time.
synchronization frequency is given a margin suchasevery
20 minutes for Lmux and every 5 minutes for Windows.

4.2, Evaluation of Time Synchronization Precision

Time synchronization precision is evaluated by time
synchronization considering the communication delay
time mentioned in Section 2.4.3. _

4.2.1. Experimental Methods :
The integrated system used in the expenment consists
< of the following components: a navigation system (OS:
Redhat 9.0, CPU 3.2 GHz, Memory: 2048 MB), in which
time-synchronous server is operated; an intraoperative
logging system (OS: Redhat 9.0, CPU 3.2 GHz, Memory:
2048 MB); a cancer identification system (OS: Windows
* XP, CPU: 3.2 GHz, Memory: 2048 MB); a positioning-
information server (OS: Windows XP, CPU:3.2 GHz,
"Memory: 2048 MB); and an autofocusing robot (OS:
Windows XP, CPU: 2.8 GHz, Memory: 512 MB). The
communication condition is a 100 Mbase-T LAN envi-

-ronment. Each system performs transmission and recep-

tion depending on the communication conditions shown
in Table 3.
Under the condition that only the nmgauon system be

- firstconnected to tl;e integrated system, the intraoperative
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‘Table 3. Commumceuon condiuon (100 Mbue-’l')

Avent - Commumcanon 5_5;3
gt dmna% Frequency [Hz)
_‘a)CancerDeteenon . - N :
_nm i r — 20
c)Rgfn on 94 10,
“@Navigabion | 1212 | 3
- (e)l.ossms [ 2265 350

'lhble 4 Result of time- synchroniuucn (n.—-lOO),

Avemge of Avengeof Max
" Agent loop bick time  processing loop back
gen (T2=T1)  tme($)  Gme
R - [inséc) - -[msec) [rnsecl
Logging - 17402 0.01 2.32
' Auto) $IDRRO! 0. 7 - - 0. j 0.87
._'.E"—"—pmuon _ 10504 . 002 137

loggmg systern, cancer :denuﬁcauon system, posmomng-
information server, and autofocusmg robot are connected
-to the platform sequennally turn to perform time synchro-
mzanon with' the i mnaoperanve logging system.

422 Results of Experiments

As shown in 'lhble 4, the time' synchronwanon preci-
- sion of ‘each measurement systém is within 2 ms and the
“maximum delay time is 2. 3 ms.

43, Evaluaﬁon of Failure _Tolerance of . 'ﬁme-
- Synchronous Server

We confirmed that if problems occur in the time-
synchronous server, a-substitute time-synchronous server
is ‘started and time conswtency in the integrated system is
mamtamed :

4.3.1. Experlmental Methods

The mtegraled system used i in the expenment consists
of the. following componeits: an autofocusing robot (OS:,
Windows, CPU 3.2 GHz, Memory: 2048 MB) (A); a can-
cer identification system (OS: Windows, CPU 3.04 GHz,
Memory 2048 MB) (B); a posmonmg-mformanon server
(OS: Windows, CPU 2.8 GHz, Memory 512 MB) (C);
and an intraoperative logging systém (OS: Windows, CPU
1,04 GHz, Memory: 1024 MB). The system time of each
- systém:is recorded by the muaoperanve logging system.
The communication cofidition is a 100 Mbase-T LAN
environment. Time-synchmnous servers are mounted
in (A), (B), ‘and (C). Priorities of . servers are set as

(A)>(B)>(C). The nme-synchronous server 1s first oper-

atéd in (A).

Under the condition that systems (A), (B), and (C)
are already connected to the lmcgrated system, (A) and
the time-synchronous server operating in (A) are discon-
nected from the mlegrated system ‘In a short time, (A)
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Fig. 6. Umformny of time accondmg 10 stop and restart of

each timeserver,

is reconnected with the integrated system. We confirmed
that even when (A) is reconnected, by synchronizing with
the time-synchronous server (B), which started as a sub-
stitute for the (A), the time of (A) is made to match the
time in the mtegrated system to maintain time consistency.
For (B) and (C), it is performed under the same experi-

.mental conditions.

4.3.2. Results of Experiments

@ |

Figure 6 shows results of the measurement of time of

each system accompanied by disconnection and recon-
nection of the system. The horizontal axis shows the sys-

tém time for the intraoperative logging system and the

vertical axis shows the integrated system time of systems
(A), (B), and (C). As shown by Fig. 6, after disconnect-
mg (A) from the integrated system, (A) is reconnected

10 the integrated systern after an interval of several sec- -

onds. Compared to the time of (B) and. (C), the time of

- (A) when reconnected has a time lag of 0 ms from (B)

and 24 ms from (C), and integrated into the time in the
integrated systém without a lag of 30 ms or more. (A)
performed time synchronization with the time server (B),
which started as the substitute server for (A) in the inte-
grated system “We conﬁrmed that the time-syacironous

 server is correctly selected based on the specified priority.

Similarly, we confirmed that when dxsconnecnng and

reconnecting from the integrated system, the time of Sys-

tems (B) and (C) is integrated with the time in the inte-

grated system without a time lag of 30 ms or more.

4.4. Evaluation of Entire System by in Viro Expen |

ment

- 'We confirmed basic navxganon function under an envi-

ronment sitnulating clinical use.
The integrated system is configured using Gve sep-

‘arately developed computer-assisted surgery systems

(Fig. 5) (Section 3.]1) communicating. with each other.
Communication interfacing of each system is defined 4s
Table §: Communication conditions are set as shown in
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“Tablé 3. Communication is doné under the 100 Mbase-

T LAN environment for the number of clients and (Ta-

_ble 3) communication data used in the integrated system,

which enstires sufficierit communication resources. Th-
ble 6 shows specifications for computers of computer-
assisted surgical devices, ‘Based on specifications in Ta-

"ble 6 and the policy under- Results Section 4.1, time-

synchronous setver pnonty is set to (e), (c), (b), (), and
(@),in tlns sequérice. Ongma]ly, data displayed in naviga-
tion:is MRI images capmred before surgery, but because
preoperanve image by MRI cannot be obtained in animal
experiiment  facilities, dummy ‘data‘is used, consxstmg ofa

;porcmeheadmged in advance

4.4.1. Experimental Methods
- anesthietized pig (Landrace) is subjected to & cran-

’ lotomy nd: 0 mg/kg of SALA, which is an excess quan-

()

istered mtravenously In human subjects
orally admmxstered SALA, in the process of metabolism,

‘5 ALA; ohanges into Ppl'X becommg fluorescent that
.accamulates ; selecnvely only in cancerous tissue. In

. -oury expenments "by intravenously administéring greater
‘amotints than those used i in ordmary surgery, both cancer-

oits snd Hiormal - tissue uptalnes the dye, SALA.inducing

R PplX wluch accumulnm and fluoresces from all exposed

atéd at intervals of 6-7 seconds caused by the pig's breath-
ing and heartbeat,

Based on such an in vivo test envuonment, we ip-
tentionally prepared nonﬂuoresoent regions (Fig. 7(a)
above), where the brain is covered by-¢ dura‘matter, protect-
ing the brain surface, and fluoréscent regions (Fig. 7(a)
below), where the ‘brain surface.is. exposed. Fig.-7(b)
shows the brain surt'ace exposed in reverse imaging and
the unexposed tegxon in normal i unagmg Using autofo-
cusing and scanning robots, scanning spans the boundary
between flucrescent and nonfluorescent regions (Fig. 7)
while maintaining a ﬁxed distarice between the instru-
mext and objéct. Pp9 fluorescence is measured by a flu-
orescence detector havirig a spatial resolution of 0.6 mm.

Journal of Robotics and Mechatronics Vol.19 No.3, 2007

An Intreoperative Information Integration System

Fig. 7. Ovaviewofhmnmfaoemthmdwnhunﬂnm
cence area.

. Table 7. Resul of time synchronization (0=100).

Ageat - Average of . Averageof
loopbacktime = processing
. ' (T2=T1) [msec) time (S) [msec)
Logging 1.1620.05 0.25
Cancerbetection -0.7£0.28° 0.21 .
AutoFocusingRobot - 0.7x03 ~ 034
ﬁ_gistmﬁon’f', ‘ 1.0£04 029

' Specxﬁoally, a selected region is divided (Fig, 7(b)) into

lattices at intetvals of 0.4 mm, scannmg stops on each
lattice intersection and fiuorescence is measured, then

- the next lattice point is moved to and measured. When

fiuorescence is measured, the spectral photometer is set
to an exposure time of 200 ms. Fluorescence informa-
tion (Fig. 7(b)) from cancer identification and informa-

- tion from the autofocusing robot showing the messure-

ment position are integrated based on integrated time and
displayed on the navigation screen as region information

~ onfluorescent (red) and nonfinorescent (white) region.

44.2, Results of Experlments )
Table 7 shows results of measurement of the time lag

- between the ume-synchmnous server of each system. In-
'tegrated system time-is integrated with time-synchronous

precision of 1 ms. After we conducted experiments for
two hours, the time lag between the intra-operative mea-

surement system and time-synchronous server was within
30ms, i.e., it is 26 ms for the intra-operative measurement
system (Windows) and ll ms for the auto-focusing robot

(Linux).

Figure 8 shows mults ofsupexposmg the actual brain

.' surface boundary of the region ‘covered by dura mat-

ter (nonfluorescent) and that (fucrescent, reverse image)
where the brain surface is exposed and the boundary (red:
fluorescent, white: nonfluorescent) d:splayed oh the navi-
gation screen. -

Unlike the MRI image of the pig, information mea-
sured during surgery is obtained as fluorescent by ensur-

_ing information integmuon based on the integrated time

and displayed on the navigation screen having preoper-
atively photographed MRI image information, indicating

"that basic navigation functions are realized.
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5. Diseussi ion

5.1 Evaluaﬂon of Integrlty of Integrated Time

‘ Surgrcal mformanon often is 100 sensitive, e.g., private
_paticnt mformauon, 10 be sént via the Internet connection
and NTP is often not available. When conﬁgunng a dis-
tributed system under such cxrcumstances, a time lag ex-
ists between computer clock time and actual time. Given
that integrated systems into surgery are continuously-used
for at least two to three hours, expenments indicdte a time
lag of about one second is crcated when using Windows.
As clanﬁed ‘by the résult -of the experiment, to real-
ize ume-synchronous precision of 30 ms required in our
work; ime synchromzauon must be within 8 minutes for

Wmdows and 26: mmutes for Linux, Since the clock fluc--

mates ‘with Windows, we concluded that the frequency of
the ume-synchronous server must have & margin to real-
. ize time. synchmmzauon every 20 minutes for Linux and
' every S minuies for Wmdows

5.2. Evaluaﬂon of Time Synchronlzation Precislon

_ One may have an objecuon that if there is sufficient -
real time performance when each time is different, there

is Do’ obstacle 0] funcnon Even if real-time performance
of individual equipment software is ensufed, it-is unclear

whether real-time performancé is ensured for ¢ communi- -

cation bctween equipment.. Evén'if sufﬂcrent communi-
‘ cation resources-are ensured in the LAN ‘when using the
network, a communication: 18g of a maximum 40 ms may
-arise {7). In the liver, for, cxample. the: posruonmg flucto-
ation of 50 to 60 mm may exist:at intervals of 7 to 8 sec-

onds. A time lag between measunng, instruments could .

._make treatment information uareliable when-information
is mtegrated ‘Our pmposed time: synchromzanon realizes
preerse time synchromzauon by considering communica-
"-tion tirne lags by measuring loop-back time with the time
synchronization server. ‘ Afiér determininig network com-
munication conditions; time is synchronized using Cris-

B
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tian’s slgorithm when a communication time lag is suffi-
ciently short. Our experiments showed that time synchro-
nization wrth prccrston of 2 ms is feasible.

Evaluaﬁon of Faﬂum 'l‘olerance of Time-
Synchronous Server

Since sufficient time precision is- maintained for short '

periods when switching to the clock in each computer, it
could be assumed that fault-tolerant performance already
existed. .

Even when the nme-synchronous server is discon-

_ nected, the time lag of each computer is considered small
- when system operating time is short. . As.discussed in

Section 5.1.1, atrmelagof30mse:ustsfor8minutes

for Windows. When considering that computer-assisted
- surgery is operatés continuously for two to three ‘hours,
it becomes difficult to maintain time consistency in the.

mtegrated system without. the time-synchronous server.
As mentioned in Section 2.4.1, when a standard time-

synchronous server is ‘disconriected from the integrated @

system, consistency of information cannot be maintained.
The fauit-tolerant time-synchronous server we propose
copes with these problems because even if problems oc-

. cur in the time-synchronous server, it continues to provide

standard time in-the integrated system.

- 54, Evaluation of Entire System by in Vivo Experl-

ment
_To reduce cost and: developmcnt time when changing

‘specifications and adding functions, we used distributed-

object technology, developed communication compo-
nents in which all functions such as time synchronization

are involved, and apphed these to a neurosurgery-assisted
‘system

An integrated navigation system is configured by inte-

: graung already- devcloped computer-assisted surgical de- -

vices, but it takes almost 2 week. We have no choice but
to evaluate development time with qualitative and subjec-
tive indexes because communication software is devel-
oped separately based on the environment is no longer

_ required. Since time consistency is realized in the back-

ground by the communication componeat we developed,
labor for devclopmg'tlie integrated system is reduced.
Through an in- vivo evaluation expemhent. wé stan-
dardized time, which is rmportant for integrating intra-
operative information, using time-synchronous plectsron
of 1 ms, equivalent to results of experiments in Sec-
tion 4.2, i.e., 2 ms. The time Ing is within 30 ms un-
der continuous -2-hour system operation. Basic func-
tions of integrated navigation are.confirmed and that
intra-operative measurement information from measure-
ment systemns such as cancer identification and the auto-

. focusing robot is integrated based on standardized time to

be displayed on a nawgauon screen having preoperative

-diagnosis information.

Positron emission tomogmphylcomputed tomography

_(PEI‘ICI') is an example ensuring multiple information
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. mformauon from measurement equipment during surgery, .

7Y

mtegrauon "CT and PET ¢ are conducted on the same in-
spection bench,-and by superposing both images, anatom-
|calC’!‘mfonnanonxsaddedtoPEl‘xmgmg Cancer
is located conectly eﬂ'ecnvely mprovmg the dxagnosuc
yield. -

We demonstrated the effecuvenws ofi mtegraung multi-

ple diagnostic information, although the integration ofin-

formation js conducted only for the integration of preop-
erative image information. No system has, to our knowl-
edge, been reported that integrates histological informa-
tion such as brain mahgnancy by SALA induced Pp9 flu-
orescence measured dunng surgery, which our proposal
realizes' with' anatomicel and functional information ob-
tained from diagnostic devxces pior to surgery and shown
in real time. .

By proactively using bo:h pteoperauve mfonnauon and

the surgeon is encouraged to Judgc more exactly and ef-
fective treatinent support is ensured. The integrated plat-

form mtegraung intra-operative and preoperative infor--

mation is expected to progress in the future as & basis
for rcalmng more effective treatment Support. To ob-
tain precnse treatinesit infornation, it is useful to real-
ize and maintain precise time synchronmuon We have
shown ‘that 30 ms- time-§ynchronous' precision is stably

" . obtained nnder continuous two-hour system operauon in

an’in vivo ‘environment smulanng clinical use, so-more
preclse computer-assxsted surgery is expected to be real-

-ized.

- o ‘ Condusions'- | . ‘} >

inno Internet connecuon_ is. ava.llablc and have developed

_@n integrated platformifocusing on the integration of posi-

{0

tion and tithe. To realize;such mtcgrauon. we emphasized
the unponancc of hlghly pxecxse umc standard:zauon of

viror 'ent hmlted to ‘& LAN. Expenment confirmed
ighly precise.- timie synchromzanon thhm 2 ms is real-

We developed and 1mplememed an algomhm in which

. a time-synchronous server is made redundant based on

the’ numbér of -surgical devices to ‘be used, and inte-
grated time information is mamtamed even when the
nme-synchronous server is ‘not connected. In. expen-

: mienpts evaluating performance. the ‘standard time in the

mtegmed system is L not lost when. tbe server is not con-
nected and time consxstcucy is maifitained within a time-
synchronous precision of 30 ‘ms. ‘Cominunication com-

_ponents combine commumcauon and time-control com-

poréats. Surgical navjgation is conﬁguned usmg an inte-
grated énvironment for neurosurgery and in vivo experi-
ments confirmed basic navigation funcuons

Journal of Robotics and Mechatronics Vol.19 No.3, 2007

An Intraoperative Information Integration System

Acknowledgements
Wedmnkthemypeopkmdmwhohavecmihnedm’
this effor. Research on medical devices for analyzing, supporting,
and substituting for the function of the human body was funded by
the Ministry of Healthi, Labor, and Welfare of Jepan.

Ret - smmn. . Toyosori, E. H.
1 K. Kohyuh. lnada.YMmaph.
W Mamyuna.!l.heb.andl.sm of blve semi-
ccndnmluawmesnamofs-uzh .lu;zcﬁccfor
.detection tumos,” Proceeding
France Congress on jcs and 4th Asi s
on Mechatronics, pp. 135-140, 2003.
[2]MNcgu¢iE.Aoki.Dchh!da.F. S. Omodi,
. H. Iseki, K. Nakamors, and L “A novel
AblauonSymfoercinon with In-
mves-ALA-induced mﬁmuﬁubuecﬁon.'hgg:
MM erence, CCMMPP-
550, Copenhagen, Denmark, Oct., 2006.

3 3 chg.‘l ‘Muragaki, Tlnomaza.R.Nlhmuu.N.Hm. . Dok,
and H. Iseki, ve 3.D display of gliomforeﬁaaive
~ removal,” JSCAS, pp. 235-236, Tokyo, Japan, 2004. .
14 B. Aoki, M. Nogucln. . E. Kobaysshi, R Nakamurg,
“ masnkl.ﬂ.lsgld.mdl.sm
. andEvaluauon ofi surgical robotic
surgery,” ISCAS, pp. Chiba, Japan,
[5) G. Coulouris, J. Dollimue.and‘rl(indbag."bxmibmed
. .%.Compumdbmm'wmnmmw&cy 3:dcd..

(6) PKnaype.l Gross, S. Pieck, ). ‘Wehrburg, S. Kpenzler, and F, Ker-
noncon;ml of a

‘forneuro-

system,” Ptmdmp
Izn&elsligem Robots and Systems (IROS 2003), Vol.3, .PP- 3350-3354

M o. Schom, N. Han,A Bmk.R.Kmnar C. Burghart, R. H. Tuy-
lot.uldR.K.ikims.“Dism'bmedM Integrated Sur-

gical Robotic S A:chnmmtmlmelhmoueanmibn
tion,” Medical and Computer-Assisted Interven-
tion (MIO(:AI).w.979-98%,'"“‘8

. [8] A. Bzostek, R.-Kumar, N. Hata, O. Schor; R. Kikinis, and
R H. ‘n:glot *Distributed Modular Compuu-lnmsw

l9]$ Jmde.hkase.'lnmnelBasedRoboncSysmUsms
CORBA as Communication Architecture,” Journal of lntzlhgent
and Robotic Systems, Vol.34 pe- 121-134,2002.
[10] D. Levxncands Mungec "l'heDedsnanndzmceof
(1 G Pardo-CaslellotemdS Schneider, *The network data deliv-
ery service: real-time data connecﬁvi% for dianibuned conuolm_p—
cations,” Proceedings 1994 [EEE
ics and Automation, Vol4, pp. 2870-2876. 1994,
[121 J. Tokuda, M, Hirano, T. Tsukamoto, T. Dohi, and N, Hata, “Real-
me ‘Motion ghclcng asnd Fast ‘l.nndage Regimdon Sys-
tem for -Guided ystems and Computers in Japan,
Vol.37, No.1, pp. 8392,
3 & “8%,'““““3.5&:%"‘“"‘ Untesming e Co
t itecture,”
Prentice Hn!l.hg;? Eng
[14) B. Dalton and K. Taylor,
IEEE Rob. Autom. 7(2) PP 22-27 2000.
[15) F. Cristian, “Probabilistic Clock
Computing, Vol.3, pp. 146-158, 1989

. [16) Baphsrorwsticer.org/

349

robot by &
bymgaucn__

‘Dum’hnedMoyudielmm :




Almhﬂon.
" ences; The University of Tokyo

Addns .
.7-3-1 Hoago, Bunkyo-ku, ‘M:yo 113-8656, Japan
* Brief Biographical History: =~ .
2004 Mmmnmmmtclogy). GndmcSchoolofFrmnuSam
The University of‘rc!yo
Main'Works: - -

o “Syitem Deugn!orlmp!uuenung Distribated Modular Architecture (0
Relizhlé Surgical Robochym:n. LecmreNmeinCompuuSaznee
3217, pp: 184-191,2004. :

Munbenhlp in Academlc Sodedes'
o'l'hehpanSouetyofCompnm ‘Alded Surgery (JSCAS)
* oThe Ro&tia Soduy ofJapan ®S)

Name:

Jae-Sung lHong

Aﬂillatlon. .
Associate, Department of Nanobio-

Addns -
31 anidlshl Higashi- .WSIZ—SSSZ.M
BrldBiognphlal History: |
2004- JSPS Foreign Researcher, The University of Tokyo
2005- Research Associate, Kyushu Umvmily
Main Works:
“An_lnmmd-dﬁm Needle Insertion Robot for Percutanecus

Chal y. Physics mMed:cme end Bzo!ogy Vol.49(3),
o“lmuvenxionalNavzgaﬂonfotAbdomim!S by Simultaneous Use
of MRI and Ultrascund,” Medical and Biological Engineering and
Computing, Vol.44(12), pp. 1127-1134, Dec. 2006.
Membership in Academic Societies: -

¢ Japan Society of Computer Aided Surgery (JSCAS) -

ecystosiom
. Pp.441-455,Jen. 2004. -

: MnafumiNoxnchi .
Affliatlon: ,
" Ph.D. stiident, Graduate School of Frontier Sci-
" ences, The University of Tokyo

oTheJmnSoauyofcompuwAndedSmy()SCAS)

Name: .
Etsuko Kobayashi

Affiliation: _
Associate Professor, Depertment of Precision
Engineering, Schoo! of Enanmng. The Uni-
versity of Tokyo .

Addrem
7-3-1 Hongo,- Buukyo-lun. Tokyo 113-8656, hpan .
Brief Blognphleal History:

2000- Resegrch associate at the Univ. of Tokyo
2002~ Lecturer at the Univ. of Tokyo

2006- Associate Professor at the Univ. of Tokyo
Main Works:

¢ “Development of Wide-. Anﬂe-View Laperoscope usmg
‘Journal of Roboties and Mechatronics, Vol.16, No.2, pp. 129-137, 2004.

~ Membership in Academic Societies:

» The Robotics Sociéty of Japan (RST)
« Japen Society of Computer Aided Surgery (JSCAS) .
+ Intemationa) Sociery for Compuiter Aided Surgery (ISCAS)

350

 Journal of Robotics and Mechatronics Vol.19 No.3, 2007

Pnﬂtyofwmxymhg

Wedge Prisms.” ‘

|



1)

An Intracperative Information Integration System

8-1wandnd:o.8hmjuh:.1‘okyolez-8666.1m

Briel History:
zwlzmvmngkamnepx.dnndmbgy Bnghamand
" Women's Hospitd) and Harvard Medical School
mnsmchmne.'rnkyoanmsMediulUnivmy

ﬂComlSymfczMR—Gni&d&ym:py Shon-mnhadicuonof
1hanpyBam&ryUsingAnwmaﬁcSegmemaﬁon&3DOpﬂalﬂow-
uaumNuchCunpuwScwwe.szﬁ.pp usznmm
MembmhiplnAcadmlcSodeﬂu .

o The Robotics Society of Japan (RS))
olmamnonﬂSoauywaompmeredSmm(!SCAS)

 Japan Society of Compiiter Aided Surgery (JSCAS)

i

Journal of Robotics and Mechatronics Vol 19 No.3, 2007

Adﬁm.

‘s.lx.mmsmm-n.myo:mm

Brief Blographical History:
IWIQRWdeWTmes
Medical College

’ l%&AmﬁngMddepumtofmwmyTokyon‘a

Medical College

1992- Board ofhpanseNanm;iulSodm
IMIMWWWMW pathology and laboratory
MedsaneofPennsylvaniaUnivu:ity(USA.me Mnow:kiandl’m!.
Lee)

mmammﬂofrmmyofmmmmm (FATS), -

Tokyo Women's Medical University

2006- Assistant professar of Feculty of Advanced techno-surgery (FATS)
&nd Department of Neurosurgery, ‘lbkyoWommsMedlalUmvasuy
‘Main Works: .

oYMuraslh.T‘l‘Q:onDR.Kap!n.J Q‘hopnnw:h.md

V. M. Y. Lee, *Nezve growth factor (NGF) induces apoptasis in human
medullcbiastoma cell lines that express TrkA receptors,” Joumal of
Neuroscience, 17(2), p. 530.

Y. Muragaki, H. Iseki, T. Maruyaina, T. Kawamsta, F. Yimane,

R. Nakemura, O. Kubo, K. Tekakura, and T. Hori, *Uscfulness of .
memt«mm Acta

Neurochirurgica Suppl.. 98, pp. 67-75, 2006.

«'Y. Muragaki, M. Hashizume, D, Hashimoto, H. Iseki, and K. Takekurs,

“A new concept of three-dimensional endoscope for practical use of

endoscopic surgery,” Surgical Endoscopy, (10), 2003, robotis and

. navigation system for advanced sorgical procedires.

Membership in Académic Societies: |
» The Japanese Society of Neurological Surgery
o The Japanese Society of Neuropathology .
 The Japancse Computer Assisted Radiology and Surgery

351



. Name:

Affiligtion: . ) :
‘Associste. Professor, “Facully of sdvanced
Techno-surpery, Institute of advinced Biomedi-
cal Engiricezing & Science, Graduate School of
,Medldm.‘lbkychmensMeﬁalUmm:hy

&lxamdldno.squnh»-ku Tokyo 162-8666.anan ‘ _ '
-Brief Blographi¢al History: =~ - | :
lWGst:hAmxuumfmalDepL ofNemmguy Tokyo

-~ . Women's Medical Collége (TWMC) -

- 1996- Assistant Profeisor at TWMC:
.2001- wmume':Medichmhy

(TWMU) - : : . . ;
zoospmfmnmyonm Medu:.l Univessity (TWMU) . ;
By gszpmnng'l‘thslnglnnupmunOpm MRL"
Masneun Resonance in Medical Seiences, 43). pp- 129-136. mos
.Memhershlpln Academic Socleties: :
o Jepan’ Neumsurg!ml Society (INS) -
o Japan Sociefy of Computer Aided Snrgery (JICAS)
. oJapan Sa:uy fo:Medncd amleological lingmeenng (ISMBB)

’;meuso:. Deparunzm of Precision Bnpmuing.
.-School ofEngineetmg ‘The University of Tokyo

.
by

ofess uTheUmve:myofTokyo
'Unmltyoﬂbkyo .

] Harvatmg Device vmb Passive Fexible Dlilhng Unlt for
¢ W ‘lhmphnmion. 'mm RoboncsAmomaﬂon. 19,
pp: 810817, 2003,
ic Action Poteritial Model' AnﬂymofShock-lndnwdAﬁu
effects in-Ventricular Muscle by Reversible Breakdowa .of Cell -
Mékibrane * JEEE Trans. Biomed. Eng. 49, pp. 18-30, 2002.
Membership i Academic Societies:
oTbeleanSoduymeecbannlEugmeus(lSME)
oJapanSoaayofCompmaMd'edSufxeryGSCAS) o
anpmseSoauyforMedienlmd gical Eagineering (JSMBE)

352 ' ' Journal of Robotics and Mechatronics VoL.19 No.3, 2007




EHETZ

45(2): 177-184, 2007

MRI & B/ EIRME I IONIE RS EHAIE DT & (il

AERAER B BRBY-E®B 8. MREsET - EAR—BT

Tracking Method of Small Receiver Coil Using MR Scanner

Shinya OnoGL,* Hongen Liao,** Sigeru WATANABE,*** Etsuko KoBayasH,** Ichiro SAkuma®**

Abstract MR guided surgery is quite effective in realizing accurate and safe minimally invasive surgery
(MIS). The combination of intra-operative MRI, surgical navigation system, and surgical robot should be of prac-
tical use in the field of MIS in the future. When we use flexible endoscope type robotic manipulator, the position
and the orientation of the tip point of the flexible forceps should be navigated and controlled by a robotic
manipulator. However, the conventional position sensor can not be used because of the strong magnetic field and
the limited workspace. We propose a novel tracking method named extended active tracking(EAT), which is
based on the active tracking algorithm. EAT can measure the position and the orientation of the tracking coils
synchronically. The principle of EAT i3 three points measurement by three series inductance. We can calculate
the orientation of three coils using the measured 3-D positions of coils. In this paper, three experiments was con-
ducted to evaluate the basic performance of the EAT. First experiment is the flip angle adjustment for the reduc-
tion of background noise, which is caused by the proton around each inductance. The experimental results shown
that the inductance positions could be clearly observed without background noise at 6-deg flip angle with NMR
signal peaks. Second experiment is the reproducibility evaluation. The fluctuation of measurement position and
orientation were less than 0.3 mm (SD)and 1.0 deg(SD)at various positions and orientations. And standard devia-
tion of the distance between the inductances at various positions and orientations is less than resolution (0.78
mm). Third experiment is an accuracy evaluation. The position measurement accuracy was 0.39 mm (RMS) using
an optical tracking device. The orientation measurement accuracy was 35 deg (RMS) when the tracking coil was
rotated 30 degree. Evaluation result suggests that EAT is possible to be used inside a patient bedy with the re-

quired accuracy.

Keywords: Intra-operative MRL, MR guidance, device tracking.
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Fig.1 System configuration of open-MRI guided minimally
invasive surgery with flexible instruments.
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Fig. 2 The principal of extended active tracking method.
The one-dimensional projection data indicates the posi-
tion of each inductance. The position and orientation
of device is calculated from the spatial positions of the
three inductances.
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