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Fig. 8. Integration of Pp9 Spectrum data and 3D position data.

5. Discussion

5.1. Evaluation of Integrity of Integrated Time

Surgical information often is too sensitive, e.g., private
patient information, to be sent via the Internet connection
and NTP is often not available. When configuring a dis-
tributed system under such circumstances, 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, experiments indicate a time
lag of about one second is created when using Windows.

As clarified by the result of the experiment, to real-
ize time-synchronous precision of 30 ms required in our
work, time synchronization must be within 8 minutes for
Windows and 26 minutes for Linux. Since the clock fluc-
tuates with Windows, we concluded that the frequency of
the time-synchronous server must have a margin to real-
ize time synchronization every 20 minutes for Linux and
every 5 minutes for Windows.

5.2. Evaluation of Time Synchronization Precision

One may have an objection that if there is sufficient
real time performance, when each time is different, there
is no obstacle to function. Even if real-time performance
of individual equipment software is ensured, it is unclear
whether real-time performance is ensured for communi-
cation between equipment. Even if sufficient communi-
cation resources are ensured in the LAN when using the
network, a communication lag of a maximum 40 ms may
arise [7]. In the liver, for example, the positioning fluctu-
ation of 50 to 60 mm may exist at intervals of 7 to 8 sec-
onds. A time lag between measuring instruments could
make treatment information unreliable when information
is integrated. Our proposed time synchronization realizes
precise time synchronization by considering communica-
tion time lags by measuring loop-back time with the time
synchronization server. After determining network com-
munication conditions, time is synchronized using Cris-
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tian’s algorithm when a communication time lag is suffi-
ciently short. Our experiments showed that time synchro-
nization with precision of 2 ms is feasible.

5.3. Evaluation of Failure Tolerance 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 time-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, a time lag of 30 ms exists for 8 minutes
for Windows. When considering that computer-assisted
surgery is operates continuously for two to three hours,
it becomes difficult to maintain time consistency in the
integrated system without the time-synchronous server.
As mentioned in Section 2.4.1, when a standard time-

syachronous server is disconnected from the integrated @

system, consistency of information cannot be maintained.

The fault-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.

5.4. Evaluation of Entire System by in Vivo Experi-
ment

To. reduce cost and development 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 applied these to a neurosurgery-assisted
system.

An integrated navigation system is configured by inte-
grating already developed computer-assisted surgical de-
vices, but it takes almost a week. We have no choice but

to evaluate development time with qualitative and subjec- &8

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 component we developed,
labor for developing the integrated system is reduced.

Through an in vivo evaluation experiment, we stan-
dardized time, which is important for integrating intra-
operative information, using time-synchronous precision
of 1 ms, equivalent to results of experiments in Sec-
tion 4.2, i.e., 2 ms. The time lag 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 systems such as cancer identification and the auto-
focusing robot is integrated based on standardized time to
be displayed on a navigation screen having preoperative
diagnosis information.

Positron emission tomography/computed tomography
(PET/CT) is an example ensuring multiple information
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integration. CT and PET are conducted on the same in-
spection bench, and by superposing both images, anatom-
ical CT information is added to PET imaging. Cancer
is located correctly, effectively improving the diagnostic
yield.

‘We demonstrated the effectiveness of intcgrating multi-
ple diagnostic information, although the integration of in-
formation is conducted only for the integration of preop-
erative image information. No system has, to our know}-
edge, been reported that integrates histological informa-
tion such as brain malignancy by SALA induced Pp9 flu-
orescence measured during surgery, which our proposal
realizes with anatomical and functional information ob-
tained from diagnostic devices prior to surgery and shown
in real time..

By proactively using both preoperative information and
information from measvrement equipmentduring surgery,
the surgeon is encouraged to judge more exactly and ef-
fective treatment support is ensured. The integrated plat-
form integraling intra-operative and preoperative infor-
mation is expected to progress in the future as a basis
for realizing more effective treatment support. To ob-
tain precise treatment information, it is useful to real-
ize and maintain precise time synchronization. We have
shown that 30 ms time-synchronous precision is stably
obtained under continuous two-hour system operation in
an in vivo environment simulating clinical use, so more
precise computer-assisted surgery is expected to be real-
ized.

6. Conclusions

In our work, we have assumed a surgical environment
in no Internet conaection is available and have developed
an integrated platform focusing on the integration of posi-
tion and time. To realize such integration, we emphasized
the importance of highly precise time standardization of
subsystems and a redundant time-synchronous server.

We realized highly precise time integration by synchro-
nizing time based on Cristian’s algorithm under system
environment limited to a LAN. Experiment confirmed
highly precise time synchronization within 2 ms is real-

We developed and implemented an algorithm in which
a time-synchronous server is made redundant based on
the number of surgical devices to be used, and inte-
grated time information is maintained even when the
time-synchronous server is not connected. In experi-
ments evaluating performance, the standard time in the
integrated system is not lost when the server is not con-
nected and time consistency is maintained within a time-
synchronous precision of 30 ms. Communication com-
ponents combine communication and time-control com-
poneats. Surgical navigation is configured using an inte-
grated environment for neurosurgery and in vivo experi-
ments confirmed basic navigation functions.
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A Handheld Laparoscopic Forceps Ma‘nipulator
using -Multi-Slider Linkage Mechanisms
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Hiromasa Yamashita, Daeyoung Kim, NoBuhiko Hata; Takeyoshi Dohi
Graduate School of Information Science and Technology, The University of Tokyo

Abstract .

This paper proposes a new handheld laparoscopic forceps manipulator for laparoscopic surgery using 2 beﬁding
mechanisms by multi-slider linkage mechanisms to achieve high mechanical performance and applicability. A bending
mechanism consisted of 3 outer frames, 2 rotating joints and 2 sliding lmkageé for drive and restraint. The rotation of the '
Joint was available by pulling / pushing the adjacent element byA sliding linkage in order. We connected 2 bending mecha-
nfsms, one was for the horizontal plane bending and the other was for the vertical plane bending, enabling 2-DOFs inde-
pendent motions between — 90 degrées and +90 degrees. The 2-DOFs bending mechanism and 1-DOF forceps mecha- -
nism were driven by 3 brushless. DC-servomotors. We examined the actual angle of 2-DOFs bending mechanism, obtain- -
ing repeatability of *0.87 degrees in the horizontal plane behding and +0.91 degrees in the venicalvplane bending. Inan
animal experiment this manipulator performed laparoscépic surgical tasks under pneumoperitoneum. In conclusion, we
were sure of a usefulness of multi-slider linkage mechanisms for the new handheld forceps manipulator to clinical applica-
tion, which showed high repeatability of less 1.0 mm manipulation and large working space with sufficient generated
power-of end-effector.

Key words, Multi-slider linkage mechanisms, Laparoscopic, Manipulator.
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Fig. 1 Bending mechanism with :multi-slider"' linkage; trans-
forming linear motion of lifikages to rotation of frames to
enable + 90 degrees bending rhanipulation.
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Fig. 2 Perspective view of the architecture of 2-DOFs bend-
ing mechanism that consists of 5 frames, 4 linkages and 4
pin-joints. Linkages for drive 1 and for restraint 1 are for the
vertical plane bending, and linkages for drive 2 and for
restraint 2 are for the horizontal plane bending. Linkage for
drive 1 connects to the actuator by added linkage that con-
sists of 3 links in third, fourth and fifth frames.
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Fig. 3 Relationship between the displacement of linkage for
drive and the angle of the horizontal plane bending.

Although actions differ a little bordering on —45 degrees
and +45 degrees, both have an almost linear relation.
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Fig. 4 Relationship between the .displacement of linkage for
- drive of the vertical plane bending and the angle of both the
horizontal and vertical plane bending. The displacement is
determined by 9 kinds of divisions bordering on —45
degrees and +45 degrees of the horizontal and vertical
plane bending.
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Fig.'5 System configuration of a handheld laparoscopic for-
ceps manipulator. Forceps is sterilized and clearly separable
with un-sterilized linear-drive unit.
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Stainless steel wire

Fig. 7° Details of the wire driven forceps mechanism driven
by links, a spring and a wire. Grasping angle is from 0 to
+60 degrees.

3. PATLER .
Fig. 5 ICBUEL LBl F~=FaL—Fn x

iA%&%ﬁ?(xyz;Am,gsmgﬁ%,ﬁ_

m2=y b, ZTLTHARHER> LBRTS. 5
BB T RELCHET B UERD Y, FREH

 ?&5§§1=yFﬁﬁ&d%%Kﬁ%T%5 5

T3,

3.1 BABEMT ) ,
ZEHHEEMFOT L —ADHEIZ 9 mm, £ &2
S0mm THY, U rBER 2 & bR T
IYRBREHBBOLH 3 AnEEE 5. 48
MERTNETNIN LI BERSTRETH S (Fig 6).

»ik;mﬁﬁ%%mgTK%f.tx,mﬁwo¢

DALE RSO BEEHAEEHL Y 10 mm :0pap)
Kﬁﬁéﬁ%ﬁﬁ%mgskﬁ?;

2 [mm]

¥ [mmj

Fig. 8 Working space of the forcéps with 2-DOFs bending
ma.nipulatiqn. The X-y coordinates plane is the horizontal
plane and the origin of the coordinates is the center of the
horizontal plane bending. '

Fig. 9 Details of a linear-drive unit with lead screws, brush-

less DC-servomotors and potentiometers. Slide type potenti-

ometer is embedded to the cylindrical ghide of lead screw.
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“Table 1 Generated power and torque.

Mechanism  Direction Power [kef] Torque [mNm]
Horizontal 0 to +90° 0.21 79.6
0to -90° 0.55 - 208.4
Vertical 0 to+90° 0.33 589
0 to —90° ©0.30 53.5
Forceps ~ Close 1504
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Fig. 10 Results of bending characteristic in 2-DOFs manipu-

lation, which is relationship between target angle and actusl .

bending angle. (A) is in the horizontal plane bending, and
(B) is in the vertical plane bending. The forceps is unloaded

during the measurements. At the time of measurement of one -

DOF, the other DOF is fixed to 0 degree. Each trial starts
from 0 degree toward 90 degrees (1), next returns toward
0 degree (2), then toward —90 degrees (3), and finally
retumns toward 0 degree (4) repeatedly 5 times.
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Fig, 12 "(A) In case cucumventmg and thrusting the liver tis-
- sue, it was possible to operate the manipulator without trans-
formation of elements of bending mechamsm (B) While
grasping operation was unstable, forceps did not grasp tissue
effectively. (C) Bending motion enabled stitching surface
tissue. (D) The manipulator’s 3-DOFs were appropriate to

suturing the liver tissue with another forceps
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A Tubular Organ Resection Manipulatoi' for Transurethral Resection of the Prostate
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Fig.2 Conceptual model of the complete system
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