Development of Haptic End-effector
for Medicine and Manufacturing

August 2017

MATSUNAGA, Takuya



lIE3S)
6))

+ G ' C= 5‘ No.1

i SUN 2 K 4 ok i

Development of Haptic End-effector for Medicine and Manufacturing
(ERBIOVEECHEZERE LTI T 4 v 7 R T = 7 Z DBIF)

(NEFEDHF)

DAl b £ B 5@ AN R OFESCERZREREEICRB T 25 @ ) L LT, vy MK
MO RED LI TW D, AM O ERITEMEREEAEBFRETHY ., vRy MIA
MO EROEEZFEBLT 52 & T, FRaREEDRRRE R D, R, vRAFZ - AL —T
MOEBERIEe Ry N2 CH LZZBHEHTaR Y MI, Rx REERREI LT
5o X OLREIGEROEFTIIIINMBTEMALETH DM, iR iFRGEEEED S H
HEE(GIZAE S TlidZev, AR TIE. AMO EEOBWEICKHE L= BBEEZH 35 Jfit
T RnEEE & LTS5 BB E HEM? (Haptic End-effector for Medicine and Manufacturing)
R L., DRBERICIESWIEELFER LT,

B1ETIE, AREOERBIOENE R, BEBRIERR Y B X O s E
HEE D SATIH IR DV TR L 7=,

W2ETIE, AL TN KD e R R RIEERIEICE S W e Ry R OEE
HIENZ DN Tk 7=,

#5 3 ECIL, i RAREEE O D OFIER & LT, IEERIENCE-S < 4ch N1 F
T Z Vil RIA ARG, BERBLY AT AT OW TR,

WAETIT, Ny RIANREY T A NEVEBEZAET D2 HREANTT v 7 R
v MZOWTIHRRe, V=T EF—F THERINL 2 HHENT T v 7Ry DT
TN 7R, ZABREOMBEIREEEICANTHY . £, ATAEX T T T
gz AW R =27 21X, Vo7 O~HEZBEYNICRET 5 2 & TPl X 5l
DML ATRE L 70D Z & ZRER LT=,

B S BT, MM r Ry b~ AE B E LTI LT/ NEANT T ¢ o 7 §if
FEAR Y MIOWTHRRT, @ OBEIL N Ly OBREDEMET T HJRE & 725
e, WhE'EC Y THE L TRERLEH L, K47 — OHEEME %2 #1ET
HZETHERELZLE L,

6 E T, mEERIER XOEEFHRICB T, ABOTF, FE. BECxid 281{E
B9 5 HHE HEM? IZOW TR, fiff, EE#), =—1, By F, a—8fET
MR S5 5 BHEOEEICE Y, HHEREELZREE Lz, U TV 7 B IR
WO KO BELZT DD, ATAX T T I EE ATV ) T 7L o]
7 LV U > T kRS X ONRIEAHEAE 2 07 5 |2 BREh - 26 2 32 2 L. BHEOHEINC S b
729 RGBS EERE OS2 If L, BMERER_EDO—D2& LT, 2/ 5 HHE
HEM? Z W o i @ E CREZR 2 BB L, RAF Lo @A & & ICEEZ 3L L 72,

57 E T, AR ORS Rz~ T2, WHIBREREAE A N 7e 5 B B HEM? 13, Jofil
THMAZISH L CABOFT, Fu, BCxHs LTZBEEZ KB TH D . BRI L OVE
ESTFICBWNT, KVEEREEOFERNYEFIND,




% 6

(3) Keio University
Thesis Abstract
No
Registration | v*“KOU” o“OTSU”
Name MATSUNAGA, Takuya
Number No. *Office use only
Thesis Title

Development of Haptic End-effector for Medicine and Manufacturing

Thesis Summary

Robotic technologies have been studied to solve problems such as the shortage of the labor force in the aging
society with fewer children and the labor force for dangerous works. The human upper limb can realize complex
tasks. By realizing robotic motions corresponding to the human upper limb, various task can be achieved.
Especially, various robots are proposed as multi degree of freedom (DoF) forceps robot applying the master-slave
teleoperation system. However, it is difficult to increase the number of DoF while keeping the performance of the
haptic application. In this research, the five DoF HEM? was developed to realize the human upper limb motion
based on the haptic information.

In the chapter 1, the background and the purpose of the study was explained. As the outline of the study,
conventional teleoperation robots and haptic applications were described.

In the chapter 2, the motion control of robots based on the robust acceleration control by disturbance observer
was described.

In the chapter 3, the acceleration based four-channel bilateral control, the oblique coordinate control, and the
motion reproduction system were described as control systems for haptic applications.

In the chapter 4, the two DoF haptic robot with the high backdrivability mechanism was described. The serial
link mechanism of the robot is useful for haptic applications. Besides, the control system for the end-effector
composed of slider crank mechanisms can be simplified by designing the dimension of links properly.

In the chapter 5, the miniature haptic forceps robot for implementing to flexible endoscopic robots was
explained. The high reduction ratio mechanism deteriorates the efficiency of the torque transmission. The force
information estimated by reaction force observer was corrected by the efficiency which is decided by the
measurement of the output force.

In the chapter 6, the five DoF HEM? to realize the human hand, wrist, and arm motion in bilateral teleoperation
and reproduction of motions was described. Complex tasks can be realized by the five DoF motion composed of
the grasping, translational, roll, pitch, and yaw motion. Since the serial link mechanism is affected by the increase
of the mass according to the number of DoF, the parallel drive mechanism for the parallel link mechanism, the
serial link mechanism, and the rotation mechanism was proposed. The deterioration of the performance to
transmit the haptic information was suppressed. As a complex task in surgical procedures, the ligation task was
conducted by the teleoperation robot composed of two prototypes of the five DoF HEM?. Besides, the human
motion in the ligation task was reproduced by the saved haptic information.

In the chapter 7, this research was concluded. The five DoF HEM? can realizes the human hand, wrist, and arm

motion with haptic technology. By using the five DoF HEM?, the realization of more safer work can be expected.




