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Locally controlled surgical assistant manipulator for robot-assisted endoscopic
surgery

Kawai, Toshikazu
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In order to realize robot-assisted endoscopic surgery that allows a surgeon
in sterilization area to know the patient®s condition easily, we proposed a surgical assistant
manipulator attached to the endoscope and forceps to be locally controlled while performing surgery
by the specialist. We developed a diagonal joint mechanism, a multi-stage gear train aligned with a
rack gear mechanism, and a differential drive mechanism with a slider crank built into the parallel
link for a surgical tool manipulator in which the pivot point is formed by a remote center of motion

mechanism. We also developed voice control of the clock position, pinch-swipe operation on a touch
panel, leader-follower control by operating an intra-abdominal device, and visual feedback control
by op$rating hand forceps with image recognition using Mask R-CNN for intuitive local operation
interfaces.

RCM



X C—19. F—19—1, Z2—19 (58)

1. WFEBRAE Y H DT 5

WHEE T TIT 2SRRI e LTV 5. BEIZE o TAPE/ NS S BERMEICEN 213, &
R IERALE OO 72 R T A DRI R H 5. —FH T, BIEIZH HEDD 720 A ARG 1%
FEE R ER Yy MMETHRY, FORKE M, NWHESCH T2 8ET2BFL L HMR L TF
Balw s Z LNERIND. 2D OEL LT R, vAZALV—T7HIf (V—¥—7 %
2 U —HIH) OFRZEr ARy P RENISTIERICHE SN TND. EMfio AT RY—/L &
L CTIAE > TW5 da Vinci 1%, AIZIREHIT 72 ERIEZERI COMMIEE A lie L L=, LaL,
IEWREGEIL S [V B— ME] T ~v= 2 L—&IX, EMRERENLBEENS =Dt oikEe
PER LICK K, e, RMRTZDFIRE~DEADRE LN L WO RENRH D,

Z 2T, WEEBOEMPFRAED RN, M)y —/ & U THNEERH 4 Te— L
E) T 2/NUTHBATRERB B~ =t a L—2 D bix, BEORIEZEE LT WELERR
2Ry BTN E 287 MCERTE D L& 272, ZHVE TS, Yol i1 Radius,
WREERG IE 7 — A L A B iArmS, WHBIHRFF e AR v b Viky 72 EDRFE I LTV S, FREREE S
IZNIMT SEBRIT T, Telescopic-rail i 7¢ K4t 2 Off 1= 78~ ~ LODEM OBFFEIZE Y #A T 7=,
Lo, fEEmEE R R TE, FRAETCELYF~v=t =2 L—2 3k, (FH
RO, BMEFIERENRELE 2o THY, ERME aRy A HE L TEEF I CE 25 m
Ry b LFRGHERA DTN D.

2. WIEDOHEM

AWFFETIE, WHSE TR TN O & IZmT T, (1)
WAREECHE T O E R D 2 FE R~ = = 7 VEREL R
KOG E & — 2 BRENCIT 5 HAZEM O /M S Wilf & yaw motor pitch motor  multiple siders
TR~V L—2 2L, (2) $UIEIC X D ERK
H7pa— D NAEEA B T = — A B LT, BETE
i7e & %00 Ue TANHSE T TS v — 7 VEEBD F
v=tal—% ] OFMiZ AR E LT,

3. WHED Ik
() fEEE~= 21 —%

NRICHIASJE D O EHZEMBA/NE L, BIIEIZIA
UWMEZEREIL 2 $R ML AT RE 7R, Pivot 1EBEh & [EKAY I R AF
T HE T HE AR BY 72 1 B E 85 .0y (Remote Center of 1 Diagonal ! RCM #A%
Motion, RCM) %#A T35, RIzEIHiD Diagonal B,
I XTIWEEXT FLA v EINbE D Geartrain
B, SEATY U VWA TA KT T 07 N L T ABhBI
B9 % Differential HlO~=t"= L — &% 3 ¥t %2 B3
L7,

(D Diagonal !~ = & = L — ¥ Hh#

FIZZBIHET & R EE R DA A D~ =2 L
— AR L. Rv=t a2l —%%, ARy MNEH)
Z MRS 5 AR 2 il A K 2> B 30 °F6 KUY 45 ol
52 & T ERGTIRER) 21T O RIS B EIREAE &, AMR
8mm M5 16 mm TE T 1 mm @ 3 B AL FHEED
2L, BIUO3IEDOLM VA REEDLEAT A
A CHERRT D, AL REEIT O SO 5H2EM %/
ST HHEBMEHEEEZH 2 23 BHEOH F~=¢ 0

Rack gear

Ball screw nut

2L —4Thsd (K1). O “Gear2 — @ Ball screw
QY s 3 linear bushes

@ Gear-train i~ = &° = L — X it < 35 -
SYUXRTEXRT F A v THEIEL KT S o AN o AR e

M RCM DO~ =2 L— X ZBFR LIz, KRv= \ e

Val—XE, X7 12 0DZEXT ML 2Ty AN : Gear train

J XTI TE vy FE 4mm OR—/L AL TEE) N

ST, X7 OREEEAE L ERETLTH D ER Y AN

N RIS RN — B D8, B0 L k- =T D N

HrEEEE L EFH TRy P60 —EREEA 2 Gear-train ! RCM Kt



TROMEB ORIz 2 53 HHEOHF~=t'=2 L
—ZTho (XM2).

® Differential !~ = t° = L — X {4

ATGAK T T2 EVATY v THER S D Z28)
WA A D~ a2 L — X EE L. Av=tF=
L—#%, Pitch #ix +HEEHE L TEDOLELEDOF TR
v I A, XTR Y 7 AT 2MUDOFATY 7,
VATV VN D —RDATGA XTI ZF 0, AT
AKX DT II\ZHER T DR O SAT U 7 T
MEARERL T 5. —ODANE T I+ 55— 4 %
W—HmEFITFEHFmICEEEST S 2 8T,
RCM DOYATV v I FHIIATAZ T T 7 uvvFnmn
ENE L, Yaw Hili & Insertion oD BREh 4 24 5 =5
gL 725, 3 HREDOIH F~= =21 —4Ths (X
3).

Q) BN BT ==K

BUIENBE O CHERFHAED N L, NS
=4 % BRZTOIRAE T, FEMHD DA T
FoRy FEEETE S, Voice K7y 7RV g
MR K DA A 7 il Touch-panel b F AU
A 7E{E & Intra-abdominal 2T /N4 R EEIZ L B U —
X —7 v U —lf#Hl, Mask R-CNN RXA— LY —
MBI LDV 2T V7 4 — KXy ZHIE O 4>D
FREREE LT

@ Voice X7 v v 7 RT T g HEE

7ay 7 RY Y a rCRINFe Ry N EALER
DT D EFEEAEA A TR A RS LT, REEA
X7z — A%, TR Y hulius 1IZ HIEREE A
WHL, WEEE=% %27 1 JRE o CFEREIC /AL
Trhrnmy 2RIy a vy ERELT, E=FANOFEE
PESFHER R Y N & 30 B (Fl 20X, 2
WE 7 AN [Bl8R) 5 oo fiEh (Bl 21E, o LA T) -
1 I CmsE (B 20X, B xoEHEAT) « Ko
eBkEh (B 21E, FANCsIWT) 2179, 4 DOFEH
BIEE— N CHEIT 25 FEIEV AT 2 THD (X
4).

@ Touch-panel ;& F AU A 7 #{E

FiBhFa Ry b ONEERBEZHIET 2 2 v F X
INBIEA L B T 2 — AR LT-. K AT A
%, ATA TEETED XXV EEHNOBEIE L B
FENEIZ L AVERZBIZOWT, FiliBhFa Ry Foit
SR & — B S CHEBEN A A ATV, SR OL
PG TE— X BB T 22 —F—T7 1T
—HIETHL. R LTV r— a0k, AUA
TEAEO A 50, v TERAIEORBIEZ LK 1.01, ##
/N0.99 LT AEMET Y T & FINBITF e AR v F Kl L
DRI IEB L O R RoRET ) 7, BREhRAED
Rz 7 x5 (X5).

@ Intra-abdominal 2V — & —F /31 Z{R(E
FTBIFu R v b off B e & PN CHIET 5
TNA A W=, V=K —T7 30 U—Hl#EzHaEL
7o, BAR LI IET A A%, BEEASEDLY O
Pivot JEB) X 2 HE AT 2 /LD Pitch fili & Yaw i,
AR BT EMEIZREHZ DMWY =T HA RO
Insertion §fi, &1~ 5Cis D FIHESHUEFIT Roll fil & &7 T
KD Grasp i, THERT 2 MENENEL S B B EEEET A
A AThAD. KENVETFT N4 2% T, Slider-crank %!

sy - I
Synchronized link &/ Pitch
Roll

3 Differential ! RCM A

RS RIEER

CITLWTTM? -
speaker

oL AT ﬁ/
FarzzIT (0] e

X 4 Voice =\
rna w7 iRYy g UEE

O
AR
sistant b

5 Touch-panel =
VU F AT A TEIE

6 Intra-abdominal =
U — B —5 31 ZAHEE



DOt FrRy FEREE) —F—T7 3 u U —iliEd 5
VAT AERBE LT (X6).

@ Mask R-CNN HH— U v — L #fE
SHIVENEFTHRAIERE Lo+ v 7 Mm%
TTAI AT T LTI SEFEMmL, v
¥ 7 b ONLELEBREZ TS L CFINBF R v b ol
LT ABEA VX 7 2 — A EREHE LT-. KE{5ER
AT MX, BIEDEBLIH O Y 7 N E
Mask-RCNN % H W Clijifg 38 L =%, RGB & &
Depth &7 S H L7287 v 7 NI A JEE Tt
LU Tl O =R AL 8 AR 2 iS4 % . £7-, ROS
@ Pub-Sub #1E & I\ THIIE O FILil 7 O FEFESE #
ETuRy h~KE L, WERFERE AR TR
FulRy NEEERIET S, LRV ATLAEZNETD
MAEY 2T VT 40— Ry JHIEI AT LEEHEL
7= (K7).

4. WFIER R
() iFREEE~=t 21—
O Diagonal i~ =t = L — & 3l /FH

B L7z~ =t = L—X %, ~TESHEE 220 mm X #
17270 mmX &S 170 mm, EE20kg &0, {EHA
5N, wJENEIPH)Y Yaw 8l T-90 °~30°, Pitch i T-60 °~
90 °, Insertion fi T 200 mm DO EHMTAEZ /-T2 &,
7S DAL IR O FE FE X [E]#S 2 #hAY 0.5 mm LA T, [
Fhlh 04mm LA FCTH D Z &, IR 7= b XlE
B2 2 §f17% 2.1 mm AT, EEHE2S 04 mm AR THD Z
&, FEITOEMEICHLE X0 2 #1238 4.8 N LU,
EEEA 44N T THDH Z &, EfinA~=t' 2 L —
X HEFEB I OAA v F T on/off #{EL ClEEEET L
N RY T LN B AL —RIZHBYI x5 2
LERMER LT (X 8).

@ Gear-train B~ =t = L — Z A 1ERE

B LI-~=t =2 L—& %, ~HESHIE 400 mmx
1T 135 mmxE S 135mm, EHEN 2.7kg &720, AEHE
FHEVER T 5 N OfkEE =92 &, $FeiiofnE
POREREIL 0.5mm LLFCTHDH I &, B0 =bi
D0ImMm U T THDI L, ERy FEDOEERKERITS6
mm L FTHDHZE, ST LA LDNRY T TR
0.03°LA N THDHZ &, FEITOREICHLERTILTON
UFCThdrZ L, EMAARA~=t a2l —4 % FTHiB X
WAL »F T onfoff BAEL CIEERET VANV R v
TULRDHAL—XZHEFUIFA T 52 2 L 2R LT
(¢ 9).

@ Differential < =¥ = L — X 3 {EHE

B L~ =t o L—X%, ~TENE 420 mmxBAT
145 mmx & & 340 mm, EHEN 3.8kg L7200, MR
RCM 2 H3 2 Z &, Yaw 8o rJE#H 2729 2 &,
Pivot SOOI KRZERN 7.6 mm THHZ L, #tdeio
B & BB O ZE AN 10.6 mm THHZ L, FEIT
DOEAEICMER T RS NLUTTHDHZ LR LT
(1% 10).

Q) B—I A BT 2 — R
@ Voice X7 aw 7R3 \‘/ﬁ%”ﬁl]

HESE L7 B B S R 7 I, P R 78 94 %
ULThHDZ &, HE) - 08 - EEeERE O #fEE— NI
BT 55 R RX 0.93s 20D 1.78 s T, EERMIZ
0495775 0.58s THDHZ &, FINHFrR Y M &KL

Mask R-CNN T F
v 7 P ERM

=
s

RELEEFIYILE
SET TIEAL

B
= )

SEBUER OREID E PLRE D 2 DO
RACEMER)IH 2R TEREHE

FIRNASERANT
2HFDIERE RO
REWBEME

/ot 2 0HOERIERD
REWBE2RTERICAM

SER IR R D3R TEREHE

7 Mask R-CNN =
W — VERE O iSRRG

scissors

laparoscope

Energy device
vy
P
/ i
~ S

Forceps
with handheld interface

—é‘
! 4

o Guiding LODEM
“ ¥ (Laparoscopic robot)

9  Gear-train % O R /EHE

X 10 Differential ! D AE#

70 %&152/‘1?5;9&&,@«55;1&&&‘5
60 +
%55 e
250 IDHEEERT EIEAFRY
2
845
847 smpmic
03 @k
30 . BB - RBHT —BBAK
25
10 15 20 25
Time[s]
11 Voice DFEF « R HERFH]



LT 2 A7 BEICB T 2P ERFEIX on/off oA A
vF LD L —EIZBWTIZAERETH D LERDIEED
HEMENRBIND Z &, ERFHIIC L D_ET AT A
OFFEEHEER L (X 11).

@ Touch-panel > F 2 U A 7l

MLy FARFNVEMEA 5 7 =— 1%, 3 HH
FEOFMBFERR Yy NOMEERAEZHIFTELHZ &,
2 A7 BEIZET DT ERIX on/off LA A v F &
R%CTHh DL, ERFHIIC K DB AT LOF| R L
FWALMER LT (X 12).

@ Intra-abdominal 2.V — & — 7 4 1 U —}il4H

B LT BRET N A A%, IEARKRSTERR 98
mmx176 mmx221 mm CTE & 446 g £ 720, mEhEHIT
Pitch #li, Yaw 823+60 °LL L, Insertion #4723 100 mm,
Roll #li23+180 ©, Grasp #li3 40 °©Cd 0 EFHIAR A 7=
T, Nyl Ty aimT 15°UTTHDI &2
WL, o, BELEa2=9 7 I VEME) — X —7
4w U —PTP #ilf#liZ, MEHAIARE DY O Pivot HEH) 2
il & AF AR E TENC OV T, BB T a R > oMk
BRI CIBET 5 2 &, BERFIE A2 5 T L& TR DR
VEIEIES 2 078 2.6 LU TEBE NS 1.4mm L FTH 5 Z
&, MRRERRIE OB L B IRIERE 23 44 L C Pitch il
T 180 ms, Yaw i C 195 ms, Insertion ¥ C 109ms T&
L EamR L (X13).

@ Mask RCNN R BV 2 TV 7 4 — K3y 7 Hill#
G L7 ool T OB FER, > A 7 2%, Foiimis 6
Bl & AR ER BE MG 7> D AERK L 72 1000 #2 LA E D8 57—
ZIZHOWTEMHEEE AP 28 0.86 Td 5 = &, Mask-RCNN
ALERBETIE Linux OS T 300ms T D Z &, HEEEEL L
U SVERE U 13 ms B D2 L AR LIZ. £,
BETaTNT 40— KXy Tl AT A TIE, FEATE
WA 413 ms THDHZ L&, FHESICI T D EMERGT
MOFEAMLSERR & VBRI 950 ms LR THDH Z &,
FINBIFr R v b OREIEIZ T+ OEERE & X
TO095 UETHDZ EEMER L. X612, ERIFHMA
FEERIZED, BB Fa R v NBEID LW A~A A
—RZEI T &, BEOBIEL D HIEE LIZLE TIkE
HZLEMRUITHDZ LE2MR LT (X 14).

ARFIETIE, PSS TR O SR mNT T, #IZCBIEI D Diagonal Y,

12 Touch-panel X
v TF AT A THIEORRT

Insertion®

eeeeeeeeeeeeeeeeeeeeeeeeeeee

13 Intra-abdominal 2V — & —
7 4 v U —iil# OB

&/ )
14 Mask R-CNN B2 =7 /L
7 4 — KX 7 HilfH o & il AL

i -

T I XRTICLE

XT M A v ERDED Gear-train B, ATV VI IZATA X T T2 7 WK L CEBEREIT 5
Differential ! 3 -2 RCM OB~ =2 L — ¥ 2R L. F£72, Voice X7 v v 7K
Uva VEMEIC X DA A 7, Touch-panel ZUE L F AT A FHEME L Intra-abdominal ZT R
A ABEIC L D) — & —7 3 v U —{l#l, Mask R-CNN XV — 2 LY —AEEIC L D eV 2T
VT 4 — KXy THIEDO 4 SO —TNAEEA X T 2 — A EREFE Lz, [ERIC X DT
7ol HBUT TNESEI T R SdE e — VB EB v = a L—% | ZiHii L, ZOREAMRE
HHIME, PASHEE - A OBIENE - Bl LU TE - ERTEICET AR ES CGREEZ W

BT LTz



0 0

Sasaki Ayumu Kawai Toshikazu Nishizawa Yuji Nishikawa Atsushi

Nakamura Tatsuo 17
Surgical assistant manipulator with diagonal joints and multi-stage telescopic screws for 2022
laparoscopic solo surgery
International Journal of Computer Assisted Radiology and Surgery 487 495
DOl
10.1007/s11548-021-02553-4
tl tl I I 38
2021
22-28
DOl
21 0 7

35 (ROBOMECH2023)

2023

63

2024




Kenta Yokoyama, Toshikazu Kawai, Yuji Nishizawa, Atsushi Nishikawa, Tatsuo Nakamura

Surgical forceps assistant manipulator equipped with double gimbals for laparoscopic surgery

the 15th IEEE/SICE International Symposium on System Integration (S112023)

2023

Yuma Mugitani, Toshikazu Kawai, Yuji Nishizawa, Atsushi Nishikawa, Tatsuo Nakamura

Operating Interface for Surgical Assistant Robot Based on Orientation of Surgeon®s Forceps Recognized by RGB and Depth
Images

the 18th Asian Conference on Computer Aided Surgery (ACCAS 2022)

2022

Yusuke Ogaki, Toshikazu Kawai, Atsushi Nishikawa, Yuji Nishizawa, Tatsuo Nakamura

Forceps Assistant Manipulator with Differential Mechanism using Slider cranks and Parallel links

the 18th Asian Conference on Computer Aided Surgery (ACCAS 2022)

2022

23 S12022

2022




Mask R-CNN

23

S12022

2022

40

(RSJ2022)

2022

34

(ROBOMECH2022)

2022

34

(ROBOMECH2022)

2022




34 (ROBOMECH2022)

2022

Yosuke Tsukimoto, Toshikazu Kawai, Atsushi Nishikawa, Yuji Nishizawa,Tatsuo Nakamura

Surgical Assistant Manipulator with Rack Gear and Gear Train Mechanism for Laparoscopic Surgery

the 14th IEEE/SICE International Symposium on System Integration (S112022)

2022

Kenta Yokoyama, Toshikazu Kawai, Atsushi Nishikawa, Yuji Nishizawa,Tatsuo Nakamura

Forceps Manipulator with Gimbal-Mounted Parallel Linkage and Belt-Pulley Slider for Laparoscopic Surgery

the 43rd Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC2021)

2021

Yuma Mugitani, Toshikazu Kawai, Yuji Nishizawa, Atsushi Nishikawa, Noriyasu Iwamoto, Yuki Horise, Ken Masamune

Intra-Abdominal Type Master Device for Teleoperated Laparoscopic Surgical Assistant Robot

the 43rd Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC2021)

2021




Yuta Egi, Toshikazu Kawai, Atsushi Nishikawa, Yuji Nishizawa,Tatsuo Nakamura

Voice Interactive Control System for Surgical Assistant Robot in Clock Position

the 43rd Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC2021)

2021
(JSCAS2021)
2021
(JSCAS2021)
2021
33 (ROBOMECH2021)

2021




33 (ROBOMECH2021)
2021

33 (ROBOMECH2021)
2021

33 (ROBOMECH2021)
2021

https://medicalrobotics.ninja-web.net/




(Nishikawa Atsushi)

(20283731) (14401)
(Nishizawa Yuji)
(50545001) (82606)

(Nakamura Tatsuo)




