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Human Machine Interface for
Controlling the Position of Surgical Tool
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Surgical Manipulator
(System B)

Control signal
(Intention)

Surgical Robot

Fig. 1.6 Surgical robot in interactive media
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| User (Human)

o User’s Intention

‘2| TInformation

\ Wearable Input Device E é;n;;ol /Sl:lal Information Qutput Device
< and Contrel Unit (inten tioi) and Network/Computer etc.
(System A) m——— (System B)
R —
Wearable System

Fig. 2.1 Interaction loop of wearable system
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Table 2.1 Classification of wearable-type interfaces

Traffic
Light Heavy
from Humans to Machine
On/Off Switch Keyboard, Track Ball
Flow Direction  (Input Device)
of Information  from Machine to Humans Vibration Function
Head-Mounted Display

(Output Device) of Mobile Phone
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Fig. 2.2 Mechanism for movement of temple
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Fig. 2.3 KOMEKAMI sensor
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Photo Reflector

7,7[7

GND

Fig. 2.4 Circuit diagram of KOMEKAMI sensor (Right — hand side)
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Fig.2.6 Sensing date of right — hand optical distance sensor on the occasion of gum chewing (for

one cycle)
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Fig.2.7 Sensing date of right — hand optical distance sensor on the occasion of unconscious

blinking (for one cycle)
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Fig.2.8 Sensing date of right — hand optical distance sensor on the occasion of intentional

blinking (for one cycle)
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Fig.2.9 Sensing date of right — hand optical distance sensor on the occasion of looking upward

(for one cycle)
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Fig.2.10 Sensing date of right — hand optical distance sensor on the occasion of looking

downward (for one cycle)
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Fig.2.11 Sensing date of right — hand optical distance sensor on the occasion of looking in right

direction (for one cycle)
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Fig.2.12 Sensing date of right — hand optical distance sensor on the occasion of looking in left

direction (for one cycle)
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Fig.2.13 Sensing date of right — hand optical distance sensor on the occasion of nodding (for

one cycle)
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Fig.2.14 Sensing date of right — hand optical distance sensor on the occasion of shaking head

from side to side (for one cycle)
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Fig.2.15 Sensing date of right — hand optical distance sensor on the occasion of vocalization
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Fig.2.16 Sensing date of right — hand optical distance sensor on the occasion of walking



30

2.3. 3L AT LBRK

AV LT S TNEATER (ZONBALYF) ORI LT NEUTRELDS.
® REZMIHEDD I EIVBMNICEINT I EMNATRE/R Z O NATED K ED
BE A MEERERRICAALEZY 7 I T NVBANEE.
o HWRHHEZENELEZDDHOEEL, ZOAPHENDOREICTET,
S HIRHEEETIITORYL, BRPICTE 2RELZEMECHE > TEZSDHD
95,
® ZHMhAOEIEDFENIE, TOMAMBEICEEL-ERERY > E AN
%. ‘

ZOMBAL v FON—RT 27 ONBERZR 21712, Ty 7 MER 2. 18 1ZRT.
ZONHAL v FIX, ZONAOHEZIDNAEY (2.318) Kkokw> 2T
LU, 20ty D7 REENERER L SORICREB LS VN Fy 1700
> ¥ a—4% (MicrochipTechnology B PIC12F683 [[I 16]) THEBUEZE{TS Z & T, AR
aXUR (2328 WWEUHE, BEBHEOFOOHBESZ2ERT . ERINEH
BESE, 7 TEBRFCLDONEEBOBIFEICEDRAEGFIIERIND. b,
DI TNFoTIRA 1A Ea—F35 27U > 7EEE IMHz, 10bits D A/D
JAUN—F OEEEZERD. ZODPBAA v FOEDOWEEIR (DC5V) 1IN 5%
BhOHBINEDBDLET S, £, ZONZEIHIE, ZONBOEENSHER
B U E TOEBISCTOVNS 5V ETOBERY 7N Fy 14703
Pa—FIcHAT 5.

ZOMDBALYFIL 0, 1O2FE (1bit) OHBEREEEZHATS. A7INTU XA
13, RO RERBTLE, HHEESE L T1 % 300msec AL, Z0H 02 H
195, ¥z, BRI RUAO ZDNBOEEITH L TIE, HAZELIERN.
A v VROHIEFFIZONHAINTWS., BB ROFEEIL, VI b7
KD,



Wo2E U7 I5IINAE2—% 3]

Optical Distance Sensor

Single-Chip
Microcomputer

Fixing Device

| To Machine Subject

Fig.2.17 Sketch of KOMEKAMI switch

KOMEKAMI Switch |
Single-Chip L Amplifier Circuit | Machine Subject
Microcomputer and Other 3 to Control
A .
r 3 é :
v

Optical Distance Sensor
(KOMEK AMI Sensor)

=—>Flow of Signals

se++pFlow of

Electric Power

Fig.2.18 Block diagram of KOMEKAMI switch
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Table2.2 Demonstrative experiment results
Success Raito: Indicates the number of time the user’s intentional movements of temple that
have succeeded in manipulation of the machine.
Number of Times of Malfunctioning: Indicates the number of time the machine that has been

manipulated whereas in fact the user has never manipulated it.

Success Raito Number of Times of Malfunctioning
Conversation 63% 1
Gum Chewing 68% 0
Diet 55% 0
Walling 70% 0
Running 24% 0
While At Rest 70% 0

Table 2.3 Effects of each action on biocommand
Converted Success Rate: Indicates success ratio of each action, which has been converted

from the success ratio (100%) of which at rest

Converted Success Raito

Conversation 90%
Gum Chewing 97%
Diet 78%
Walling 100%
Running 34%

While At Rest 100%
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Fig. 2.23 Sensing date of right — hand optical distance sensor on the occasion of running
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Fig.2.24 KOMEKAMI sensor on the bone conduction headphone
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Fig.2.25 Sensing date of right — hand optical distance sensor on the occasion of intentional

blinking (for one cycle)
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Fig.2.26 Sensing date of right — hand optical distance sensor on the occasion of unconscious

blinking (for one cycle)
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Fig.2.27 Sensing date of right — hand optical distance sensor on the occasion of gum chewing

(for one cycle)
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Fig.2.28 Sensing date of right — hand optical distance sensor on the occasion of looking upward

(for one cycle)
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Fig.2.29 Sensing date of right — hand optical distance sensor on the occasion of looking

downward (for one cycle)
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Fig.2.30 Sensing date of right — hand optical distance sensor on the occasion of looking in right

direction (for one cycle)
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Fig.2.31 Sensing date of right — hand optical distance sensor on the occasion of looking in left

direction (for one cycle)
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Fig.2.32 Sensing date of right — hand optical distance sensor on the occasion of vocalization
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Fig.2.33 Sensing date of right — hand optical distance sensor on the occasion of walking
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Fig. 2.34 Sensing date of right — hand optical distance sensor on the occasion of running
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Fig. 2.35 Actions for biocommand
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ONO,

Fig.2.36 Character for guidance icon

Al

Fig.2.37 Icon for play/pause
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Fig.2.38 Icon for fast-forward

Fig.2.39 Icon for fast-rewind
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Fig.2.40 Guidance system

Fig. 2.41 Schematic eyes of big pupil size
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Fig. 2.42 Schematic eyes of small pupil size
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Fig.2.43 Sketch of demonstrative experiment device (Second Prototype)

KOMEKAMI Switch|

Portable Music Player

1

Single-Chip = Amplifier & Relay fep

Remote Controller

Microcomputer
A :
> : | e
T :c--.n---.-ocncottao.onn.oo-n--uaaa-o POWerSupplyClrcult
A 4

Sensor that Measures
Movement of Temple

= Flow of Signals

«es+p» Flow of
Electric Power

Fig.2.44 Block diagram of demonstrative experiment device (Second prototype)
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Fig. 2.45 Installation image of the KOMEK AMI switch
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Success Raito: Indicates the number of time the user’s intentional movements of temple that

F2E U7 S5T7NACEa—¥

Table2.4 Demonstrative experiment results

have succeeded in manipulation of the machine.

Number of Times of Malfunctioning: Indicates the number of time the machine that has been

manipulated whereas in fact the user has never manipulated it.

63

Biocommand Success Raito Number of Times of Malfunctioning
Conversation Both eyes 94.2% 0
Right eye 100% 3
Light eye 100% 1
Gum Chewing Both eyes 100% 0
Right eye 100% 0
Light eye 100% 0
Diet Both eyes 100% 0
Right eye 100% 1
Light eye 100% 0
Walling Both eyes 100% 0
Right eye 100% 0
Light eye 100% 0
Running Both eyes 43.5% 0
Right eye 83.5% 0
Light eye 92.6% 0
While At Rest Both eyes 100% 0
Right eye 100% 0
Light eye 100% 0

Table 2.5 Demonstrative experiment results of each prototype

Success Raito: Indicates the number of time the user’s intentional movements of temple that

have succeeded in manipulation of the machine.

First prototype Second prototype
Conversation 63% 94%
Gum Chewing 68% 100%

Diet 55% 100%
Walling 70% 100%
Running 24% 43%

While At Rest 70% 100%
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Fig. 2.46 Relationship of shake of cable to shake of sensor
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Fig. 2.47 Graphic symbol for question 3

Fig. 2.48 Graphic symbol for question 4

Fig. 2.49 Graphic symbol for question 5
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Fig.2.50 Instruction manual for KOMEKAMI switch
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Table 2.6 Correct answer ratio

Group A Group B
Question 1 100% 100%
Question 2 100% 100%
Question 3 20% 100%
Question 4 20% 100%
Question 5 20% 100%
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Fig.3.1 An example of robotic surgery. A robot manipulator, instead of the camera assistant,

holds and positions the laparoscope
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Fig.3.2 Traditional surgical robot (AESOP)
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Fig.3.3 Interaction loop of Laparoscope robot
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with Standard Resolution Camera

» Customized Laparoscope

Cannot
Sterilized
Large Manipulator and
Size and Workspace Cleaned 4

Sterilized
Small Manipulator and Cleaned

Size and Workspace

Fig.3.4 Investigation results of the laparoscope manipulators: a)A460 CRS Plus, b)AESOP,
c)LARS, d)EndoAssist(Endosista), e)Staubli Rx60, f)ERM, g)LapMan, h)RES, i)Naviot,
JPASEOQ, k)HISAR, DLER,m)S-DOFs Laparoscopic Assistant Robot(KalLAR), n)FIPS, o)lmag
Trac, p)Wide-Angle View Endoscope, q)Dual-View Endoscopic System, r) Automatic Tracking
and Zooming System, and s)COVER.
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Fig.3.5 Four-DOF motions in general laparoscopic instruments
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Fig.3.6 System configuration of first prototype
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Fig.3.8 Endoscope installation part
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Fig.3.9 Joystick interface of first prototype
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Fig.3.10 Hydraulic linear actuator of first prototype
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Fig.3.11 Mechanism of controller for the hydraulic linear actuator
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Fig.3.12 Controller for the manipulator of first prototype
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Fig. 3.14 Shock absorber
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Fig.3.15 Overview of in-vitro experiment for first prototype
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Fig.3.16 Setup of in-vitro experiment for first prototype
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Fig.3.17 Laparoscopic image of the bile duct: The left picture is for a normal operation (the
human camera assistant operates the laparoscope), and the right picture is for a robotic operation

(the current prototype manipulator operates the laparoscope).

Fig.3.18 Laparoscopic image of the body of gallbladder. The left picture: normal operation, the

right picture: robotic operation .

Fig.3.19 Laparoscopic image of the fundus of gallbladder. The left picture: normal operation, the

right picture: robotic operation.
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Fig.3.20 Overview of first in-vivo experiment for first prototype
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Fig.3.21 Setup of first in-vivo experiment for the first prototype
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Fig.3.22 Laparoscopic image of the bile duct in first experiment for the first prototype

Fig.3.23 Laparoscopic image of the body of gallbladder in first experiment for the first

prototype
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Fig.3.24 Laparoscopic image of the fundus of gallbladder in first experiment for the first

prototype

Fig.3.25 Laparoscopic image of an experiment that stopped bile leakage from the gallbladder
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Fig.3.26 Overview of second in-vivo experiment for first prototype
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Fig.3.27 Setup of second in-vivo experiment for the first prototype
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Fig.3.28 Laparoscopic image of the bile duct in second experiment for the first prototype

Fig.3.29 Laparoscopic image of the body of gallbladder in second experiment for the first

prototype
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Fig.3.30 Laparoscopic image of the fundus of gallbladder in second experiment for the first

prototype

Fig.3.31 Laparoscopic image of an experiment that stopped bile leakage from the gallbladder
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Fig.3.32 System configuration of second prototype
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Fig.3.33 Disposable part of second prototype
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Button 1

Fig.3.34 Joystick interface of second prototype

Manipulator

Fig.3.35 Computer Simulation
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Fig.3.37 Mechanism of hydraulic linear actuators
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Table 3.1 Spec of actuators

Second Prototype First Prototype
The total length 185mm 185mm
Motion range 112.5mm 70mm

Actuator speed 6.7mm/sec 5.6mm/sec
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Fig.3.39 Push-button type

Fig.3.40 Foot-pedal type
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Table 3.2 Role of each subject in the in-vitro experiment

Camera
Exp.No. Task Surgeon
, assistant
N1 Normal Operation A C
R1 Robotic Operation A C
N2 Normal Operation B C
R2 Robotic Operation B C
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Fig. 3.42  Setup of in-vitro experiment for second prototype
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Table 3.3 Operation beginning time and

Time to complete the in-vitro task

Time to
Operation
complete the
No. beginning time
task

N1 10:20 AM 394sec
R1 10:50 AM 436sec -
N2 0:20 PM 1489sec
R2 1:20 PM 1276sec
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Fig.3.43 Laparoscopic image of the neck of gallbladder. The left picture: normal operation (the
human camera assistant C operates the laparoscope), the midmost picture: Surgeon A’s robotic
operation, (the current prototype manipulator operates the laparoscope) ,the right picture: Surgeon

B’s robotic operation.

Fig.3.44 Laparoscopic image of the body of gallbladder. The left picture: normal operation, the

midmost picture: Surgeon A’s robotic operation, the right picture: Surgeon B’s robotic operation.

Ty e Ln '.ig\‘i E. e L4 i
Fig.3.45 Laparoscopic image of the fundus of gallbladder. The left picture: normal operation, the

midmost picture: Surgeon A’s robotic operation, the right picture: Surgeon B’s robotic operation.
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Table 3.4 Measurements of stress marker

Ttem Task Timing  Surgeon A Surgeon B

Cortisol Normal Before 0.071 0.053

mg/dl  Operation After 0.068 0.125

Robotic Before 0.043 0.117

Operation After 0.035 0.130

Amylase ~ Normal Before 50 88

KU/L Operation After 61 112

Robotic Before 61 111

Operation After 52 139

Coefficient Normal Before 5.69 4.25

of variance Operation After 6.13 3.62

of the a-a

torval Robotic Before 5.73 4.84
Operation

% ' After 7.11 541

LF/HF-MEM  Normal Before 2.896 1.685

Operation After 2.479 2.464

Robotic Before 2.595 5.318

Operation After 4.157 2.367
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Fig.3.47 Setup of in-vivo experiment for second prototype
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Fig.3.49 Laparoscopic image of the body of gallbladder in an experiment for the second

prototype

Fig.3.50 Laparoscopic image of the fundus of gallbladder in an experiment for the second

prototype
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Fig.3.51 Laparoscopic image of laparoscopic distal Assisted gastrectomy (LADG)
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Fig.3.52 Laparoscopic image of laparoscopic low anterior resection
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