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WFIEE R OB (J€30) : In this research, an automatic identification of a surgical operation
in endoscopic surgery and distinction of the abnormality of the identified surgical operation
were executed. Surgical operation of ligation was divided into seven operations, and on the
basis of the threshold criteria for the amount of operations of forceps, a surgical operation
was identified as one of them. Next, when the surgical operation was identified as a thread
knotting, the operation of thread knotting was classified as either normal or abnormal
using a self-organizing map based on operator's surface electromyogram:SEMG. Finally, a
warning system to prevent malpractice by presenting detection of the abnormal operation
to surgeon was constructed. In addition, detection of (1)surprise feeling and (2)mental
fatigue via electroencephalogram:EEG was tried as a basic experiment for the purpose of
detecting change of feeling of a doctor at the time of sudden condition change of a patient
and detecting abnormality of a doctor's feelings during the long time surgical operation.
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Motion g
Count | Rate[%] [ Count | Rate[%]

1 |Grasping(Left) 60/60 100.0 15/15 100.0

Overwraping(Left)
2 | Transration 58/60 96.7 12/15 80.0
3 |Grasping(Left & Right)|  60/60 100.0 15/15 100.0
4 |Knoting 55/60 91.7 15/15 100.0
5 |Grasping(Right) 60/60 100.0

Overwraping(Right)
6 +Transration 57/60 95.0
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SOM Operation (Device Right)
AREA Normal | Posture | Grasp Pull Sudden | Singular
Normal 60 0 0 1 0 1
Posture 0 60 0 0 0 60
Grasp 0 0 60 0 0 60
Pull 0 0 0 58 0 58
Sudden 0 0 0 1 60 61
RATE [%]| 100.0 | 100.0 | 100.0 | 96.7 | 100.0 | 99.6
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Operation distinction rate [%]
HAND| SOM L .
Normal | Posture | Grasp Pull | Sudden |Straining| Singular
R Device | 100.0 | 100.0
SEMG [ 96.7
_ | Device [100.0 |100.0 [100.0 100.0
SEMG | 91.7

1ZEAEDBIEDHIRIED 90%% B2 TV,
EWKEETCHTETWD Lo ThN,

® AFEOEEIC G U TR R EZ IR L.
Ky BB IS E (SRR T D R BRI R
VAT NEREE LT, RRRAREE LR fE R
PEORWEREE L TR, B, 1A 3
Mz, BAE L2 BT D ERMEO RO ERE L
LChHIBE, 2280 2 I Lz, BiElc



LTI E=F—FHICHRE LR Y 7 A
DEET, BLOTF ¥ A LF THE - BER
WARFICEE L, %EIC L CIERR - TR
/Jﬁxﬂ: 7J[|Z_ Phantom omni D JIRMEEEIC
L0 BRI ERELSE D, M3 IRV AT
ADOWEL T, KA TF AT, REORFE
e LRB SRR, E TR O R R
@@®%%%@ﬁsw1t;é%%%ﬁﬁo
S BB FEAE &R ST REO A SOM2 (12
X0 HBIEIT

Feature Vector based
onDevice Operation

1st stage

Feature Vector
based on SEMG

SOM1on the basis of

2nd stage X 5
Device  Operation

3rd stage

4th stage

Last stage

M3 BERBERTIAT LOHRE

BRI EREBEE RV AT LAEZHNT, F
VT A VTHREERBMER ATV, EOENWEE MRGE
T& 2, T4 TOREBEADIZB W
T, FFEELEE OB AET D 0.2 RERED
REEN R H D DD, FHEAEITIBRIXIZ &
M ERIZR LR WEBEDLDTH -T2,

(2) MM IZRIL T
O M ORE IS T T v 7 A6
g Sl oD ARG B iR tE® Polymate I &
Wiz, T 7T 4 TEMI M E o — A b
ZW0 . HEE EICHE Y AT 2, BE D AR ALE
VERERS 10-20 JEICHERL L, JI7E O JEUEFE MR &
Al, A2 & U, RIS 2 BOS 2 8L Lo
<, HOEBOBEX ié/4x®%@%
WL UWMiEFTE LT, Cg, Ko ONHLZE
@%ﬁtﬁﬁuv%#WW@EM:bf<n,02a>4
SOOI & E LTz,
ENTZAT O MRS EE LT, UTD32o%
sl Lz,
a) R BT
MR IT G I XA s 0. =ns
NWDRBERE R IZRHERN LD ENmeinT
W5, FREBEE D AT MV OEED) B
B OBEESCA N L ADRIN R & &R E
THZ e ERADL, KPR TIL, FREET

W DRFIZZEEA BN T Vo, BIICHER L,

AT 24T > 72,

b) o E— 7 JEH K

ADBEITHER LTV BEICIE., o A TEE
Kﬁhéomﬁr$%®§<i DY —7 &
WEDIHIIAL L 720 | BRVVIRRE I 22D
Z L TR ﬂﬁ#ﬁ?bfmé&%z%nf
W5, F72, T HLEENRSH D Z NS
NTERY . WBRE ORI 57 % Mg D o %

V7 BB O TR0 FICX 0T 5, o
OHRIZE BN O TICLY, EEI R
NREAETHAREENmED EEZOND -
B, AWFIE TIIFFSE L L TEDOELOfET
ZENL 7,
c) HLHEENT (Event Related Potential:
ERP)
ERP & i, AMIAWNAY - SR % 52 7B
ORIMLEEORER E LT, % EEIY
@%E%K\%ﬁﬁmié%QMEﬁﬁmw
ZEThD, MENBEHIT D Z &N ATHE
H DD, I3 < ORTEERRIL S FIEFIZ
D=0, — BT & bE T
m&<k%um@uimm%¥W%kéM%
Do D, AW TIE, FRIC AR R (= Z
—) &R LIZBRICB S 5 =7 — Bz
PEEENL (Error—Related Negativity:ERN) (T35
H L7z, ERN {35 —%40 L7z KR TN
BT L TRIBETE DR, =7 —ZkT2%
EHEE 2 FIF75E . ERN QR RKE < 7
HIZEMFEIFEISNTWD, £2T, AHFET
I, FRCI ADOFFEINRWVERETH S T C
DOxZ7—Zx LT, MEO—EDOEFHITOE
S X AFEAEIRED ERN O A2 BIE L. Mk %
B LT,
RIFFETIL, EEREI AHDIWNIEFDOTIROR
HZEITH 7=, HEEEEHRE L TUIT O 2 fifE
D FERZAT o T2, RERPIRE 1% 22~26 15D 4
4 OWEFEFETH D,

@ ExEEOBH
FMPICI A BN LB OERMOKE L L
T, BXIGEWEENBND Z L2 EL T,
AR AR & 5 2 - BR O W A e L
S %BLEE Ule, #EBRE TN R 2255 L,
LR ORI 2 E LTV A RIS, PiER
LSRRG DORTNICB L D 2% T SE., K
WIZ L0 fIC KT DG 2R3 25 2 &
Ze kAT, WIERRIX 120s & L., 90s &1 #il
Wa5 270, RERFIZEDMNFIETH D
7o, BEE L REEOENHIUEL, FFEo
KEZRERNBHEND EEZOND, 2, &
IZABDOA NV RITESELRBEBRN S D120,
JERBREHT HATV, X RN DRI ~ D 2
PEAL 7,

<D%W%ﬁw@ﬁm

KR ﬁﬁ#@%tﬁ E & HLH
TH-D, %ﬁ%ﬁ%&_ 30 WREE O MEERER %
ToTHHW, ZOMOREZRE Lz,
HIZ.T A METZIZS A L TH B,
PR BR AR E 74 S OBl L IR O o 38
v — 7 B O 21T, 2REELTO
B DZRARIZ K 2 KRR 9E 57 2 B L 7=,

@ B oMM ERTIT, wEE 28
O LVIOMHE B BEIZX SRR



XTCLE D WREMENKRE W=D, HEMOME
WESRNT BT Z Lk, FOREB ik
AEL7z, K4 ZHgE 5 2 7= oo Cz &k
DRI ALY VT, #ERE DI L
TIE, BRI RT LT W WTCT LE 7272
DI, D 2 IR TRER AT M LD
BB R 6N, FEERCIE, A2 B iz
LN EBILD IR o TR E B L O C Izl
Th, FRCE AR a R OB DAY
MVEALBBREIZBIIL TV 5,

350 3,000

—12~13
—14~17
~—18~20
—21~30

gL 2,500

250

200

150

méé;§:
50
—

0 = 0
0 91 %2 93 % enm 73 4 75 6 77 o5

Spectral mean

K4 Cz BIZIST B BT

F7-. FEHBOMEEOELE RS Z LIk
V. ERP ZHiHl TEX TWAMNEBIE LT3,
B 2 B N R S 7= DI E D O
Tholo, X5IZHERE D O Cz BHRO M
&1, R A 5 2 7= 2] 0% 300ms 4 12
BPEBALNBIN TS, L7eRn-> T, BEtE
fLCd D ERN TIE7Z2 < (BEIMEREN TdH % P300
WAV O & bbb, P300 I XARAEEE R I
*tT AR E T ERP O—fTHY | Bkl
UL 2 JIET D 72O OFRIESS, BMI
ADOIGHIZLHAW LTS, REBRIZEBW
TiX, A E Lz b 0 O T & EAEE
WELTEZ, MGl bDEEZLND,

50 T

1300 1
4 Stimulus| | ..

30 >

=n
=]

)
o =]
F=— ===

—
=]

EEG on Cz [pV]

bo
o

da
=}

O
(==

X5 #HBED D Cz BBIZIIT BB

R 2 BOSITITE AN EZER B D | Eoe
HEVWHMEE, R UHEBREICH L T—EL
DEBRCTET, EfMLHGEDNRETH -,
L2aL, o T BT a8 T IS
BEAEONTZZ e D, I L D& K

HOMHIFARETHL EELLND, LinL,

Rz BIZEN R WERE ORE 0BTk, —
FET T I O F T D ERP Ok H X R EE T H

HEBbhsd, £, MOEBREIZHONTY
B DI EN A I ERP MR FTRE T
HDOIDRAET DHENH D,

® FEHENE T OBINERTIL, ol —72
JERE DN RKREL E T3 5728, 3 20
WA IC 3517 B 500s OSEHE R A ik L.
B ZBE L=, M6 Il#ERE A, B, C O
Cz BEARIZIIT DA RERIHICHIT D a ' —
7 AW DO EAC DR T E2 R T,

105

10 mFirst Phase

O Second Phase
OFinal Phase

9.5

) <r
8 T T

A B C

Peak of a-wave [Hz]

K6 CzBBIZEITS et —7 R AREOHE

WelRE A O BGRERBALARE) DRI BN T
aE v —7 AEEOKTRALNE, L,
PBRBA AR E £ & BRI TR & B b A
LNT-DIFHERE A DR THY . S EIORR
ICBWTHOENNERI TE - & iTn iR
W, E7-. 2EICHGE L TRBRE DR FIC
e — 7 BEEOEINR o5,

REARIZ o & — 7 AREOB NI R b
ToM, I X D E— 7 A OB E BT
52 LIk o, ZHUZHEICE
HHE LT DHBRE IR LT, BIREOEW
R B ClE, 2N LI W2 TH
LHEBEzoND, £, #HE A B, C O
FEBWIZBT D o — 7 BB % g L
72 ZA, 2R EBEBLTRESBAENRD
Nz, 5%, MO Z BT 582 D%
LT & o v — 7 A OFEHHEIz &
DX RGN H D0 BT D LERH 5,

® Mz DOWTIE, RO B (BEG) % I 7E
L. B I ASLEE ORIELLRED EHAR DKL
1 OB 7 2 U, BRI R
THZET, BEROEHICLDIERI 2%
BHE, BEICE > TR FIREITAH VA
TLAEBETDHZIEEHME L, ZOHOD
AR I E D IR A AT - T, A% ITINEIC
XUy hoOBRMEITY 2 & % BEE
L, SHICEREERER, WY oRE
ST i A SR L, AN SR IS0 5 i
EoB LW E2 T Z 2 BHET, 2.
FmmAn A £ B R EBREHIBI & IS &
LeYVU oy hOBRHEEZRALT, EEI A
ERHIET 22 EE R RE AT LAEHEBE L



T, B, BN sEHESRET
3L, Wk 228 E o b
LWEREL LTEAV AT LAEZMHFRICREL
Tb\<o

5. ERRERLE
(BFFEAREESE . WFZE 03 M OV HERFZE 12
X THR)

GEEams) G 74F)

@ C. Ishii, H. Mikami and Y. Nishitani,
Passivity Based Bilateral
Teleoperation for Surgical Robotic
Forceps System with Time Varying Delay,
International Journal of Mechatronics
and Automation, A FHEA, Vol.2, No.?2,
2012, pp. 132-146

@ H. Kawamura and C. Ishii, Mechanical
Analysis of the Formation of Forceps
and Scope for Single—port Laparoscopic
Surgery, Surgical Laparoscopy,
Endoscopy & Percutaneous Techniques,
# @ A, Vol.22, No.4, 2012
pp. e168—el175.

@ WEAIE, AHETE, PEE EAET,
B, REfhEN 2 W7o R R
X D RFREBEOHRFIE, ERTS
A SRS D OPE ZE L R P RS, Bkl
Vol. 132, No.2, 2012, pp.241-249.

(Fa¥EFR] (16 14)

D C. Ishii, T. Futatsugi, Design and
Control of a Robotic Forceps
Manipulator with Screw-Drive Bending
Mechanism and Extension of Its Motion
Space, First CIRP Conference on
Biomanufacturing, March 4-6, 2013, The
University of Tokyo, Japan.

@ C. Ishii, A Novel Distinction Method of
Abnormality for Surgical Operation
Based on Surface EMG Signals, 1st
International Conference on Computer
Science, Electronics and
Instrumentation, November 12, 2012,
Yogyakarta, Indonesia.

@ PefEZEfl, KRIGEKES, A3 THR, F%
Ve, %k FHICk¥ 2 8 kit~ v 7
Z T R BERVEH R & NTRSE R FH 4
BHEROR Y AT A ORESE, B AR
L ORT AT A AT b=y AHEESE,
201245 H 21 H~29 H, 77 b T«
A (e )

@ C. Ishii, H. Mikami, T. Nakakuki and H.
Hashimoto, Bilateral Control for
Remote Controlled Robotic Forceps
System with Time Varying Delay, 4th

International Conference on Human

System Interactions, May 19-21, 2011,
Keio University, Yokohama, Japan.

(XF) GF31F)

@D C. Ishii (Edited by: G. R. Naik),
“Computational Intelligence in
Electromyography Analysis: A

Perspective on Current Applications
and Future Challenges”, Chapter 10,
“Distinction  of  Abnormality  of
Surgical Operation on the Basis of

Surface EMG”, INTECH, 2012,
pp. 247-260.

@ C. Ishii (Edited by: G. Lee), “Lecture
Notes in Electrical Engineering,

Advances in Automation and Robotics”,

Vol.2, “Analysis of Motion Space for
Modified Screwdrive Bending Mechanism”,
Springer, 2011, pp.37-45

(PE 3£ A PEME)

OBUFREL GE110)

R BREh A

HAFE - A TER. DREE
MR - AHTH

FEXE : B

FH5  FFFTER 4984280 5
BASEH B - Pk 2445 H 11 H
EWNs DR EN

(£ D)
R —=
http://mwrlab. ws. hosei. ac. jp/

6. WFFTHLA

(1) WFgefzss

i3 T#F (ISHII CHIHARU)
TEBORE « BT SRE - 2%
MoeEFK S : 80296079

(2) WH7Esr
mL

(3) EHEMFTEH
mL



