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This research proposed a novel skill transfer systems considering teaching skill of an expert.

In aging society, skill transfer from elder expert to young beginner would be important in industrial
field. There are several approaches for skill transfer with master-slave or bilateral control for the skill
transfer system. Conventional skill transfer systems, however, are designed for improve beginner’s skill
enhancement rather than teaching skill of the expert. Writing task with sharing position and force by
teacher and learner is developed in this project. Skill transfer experiments, which employed variable

gained bilateral control, are evaluated with 6 participants. Finally, the force gain is a key factor to teaching

skill in writing letter task with bilateral control.




FOR AR
MEWIEFTEE

Annual Report
The Research Institute for Science and Technology
Tokyo Denki University

1| HARRBLDER

M B ELCEFEED X 5 REREIXSHELS
v =27 UEBRREETH Y, BREDHEIZIT Y
RN VDL EREFICOT DNENHD. 2
B OERRIE, —MIZERE OENEZ B L RIE
THZIEEBUCHAEINTE, LnL, #uE
IR & DB L 72 D

Z OB EMRIT D1 OIS RIERIC L D3
BEROWMEPTON TS, IR EIFMED S
LATRBATEDZEREOZ &2V, NIRIEETRE
Hnpz &7, 5k, v==27 W boREERE
REIRMICEGTE S, IRIERICL DHEX
TEOLITAME DN R E2FEEICEDE FR
25HDThDH. LnL, AMITIZHERHEANZE
REMEDHDL D DD FEEFEICE LY BR %
THOMENDD.

2HIEDEM

AR TIFEET T TR, BHE DETRE
N FEESEHL L EERE L, A LR
THRE A LEMICHRT 5 2T 22 BE
T5.

3HRDAEE

A CIE R RERE E LK 1 I27R7 3D
System DA NNT T ¢ >~ 7 F /314 A Touch
USB ZHW2%. 6 DOFE—4% LV, 6-DOF LT
MERINITZ 5, E— 4 TIE 3-DOF O /1%
74— KRy I RARETH S, AR TIET A
2% 2 BHEL, s LEEER TR ERICA
YEERELILT, X, Y WiAmichEERATE
BYAT AEWETD. 2 DOFT—F EBET D
NAZTF IV LY, hREIATES.
T AT LTI, Touch DF— 4 4% % it
L, ML, M2 OFE—Z Ik LTA 7T TVl
BITH. Fiz, XUONEEXRT 57, UDP
WIEIZ LY Touch DT /A ALE WA i 2 X 7
CEET S, fil4 A7 TiE, Eifm kTR E
ST ENFRETH D (K 2).

1: NTT 4w A %7 x—A Touch USB

Leader’s drawing task Force to the leader

PC
levice

]

I

Unity C program

Pulse data

[P | (D] [sr o] ||

| Puledata | i Force to the follower
UDP [ | UDP H —

v Nl o
ﬁa L1 Pendaa | [Save function | 7~
Haptic device

Follower's drawing task | {

Pulse data

X 2: AT AFERK

¥ 3: FEBrT 2T LDOHE

4FRAR

R RE O BGOSR & LT, i, i
BRI D RGESIRICER L, R LEEE
THREIE LHMICBRT 5V AT L a2 RE
Lic. WHNTT 4 v/ A %7 x—A Touch
USB (231 T 7 F Vil & 5222 L, SCFOEFLE)
TEIZ DWW TR E T 2 Ml EoR S8 0 EBR A 1T -
7. EBREV, BEEEET AT MBI DR
T —AT 4= RNy 72OV THH L., %
BEBEICRB N T T 4 — RNy 7 7oA v % il
kT2 TRI7r—~rA%mEEELZL
NTE D AREMEA VR S Tz,



FOR AR
e AW FEATAE

Annual Report
The Research Institute for Science and Technology
Tokyo Denki University

B R R o =0 W0 3 & o= w0 W @

X4 SEBRFER (X-Z Fm)

dain 1:1 i
- Gain 1:2 s
r Gain 1:4 == |
. Gain 2:1 =
Gain 4.1

’ o
N W
T

(=]
p—
T
1

Normalization RMSE[-]
= n

A B C D E FAverage
Subjects

X 5: Bip A5 A BT HFEFET

Bort L FEEOEA LV F—rLD X-Z K b
O7vy M4 RT. ZORE, FEE LM
I PITA TVWAZ LR TE . F£i2, #
BEICEVHTREONE OENRRR D Z R
binkh. B2, H7A v OEBIC & ALk
LTSI ERRBI Nz, FEEIC L THER
FHOWIRKE L TR TWBE0NE, RTWHHEHE
PWEEEDO LD THY, BEIET L5522 EX
WZEdboittBEZLND.

BorF L FBEFEDONR T+ —~  ADIEEL L
T RS RFAZE (RMSE) 2 AV CRHli 217
5. RMSE U TORICTE Y £

i=1

1 & 5
RMSE = 75 (T — 2f
d n (‘T‘L ll )

2T, X FBORE O ERE, XS X EE O
JEAECH D, nidT —4% &3 5. RMSE VM E
MEEHURE L FHEHB ORI EOZENNE

<, BWRT =< AThHD LT 5.

X, Z BiZoWT, HordE L EEOESL L
RMSE #5127 d. X, Z#oT—42 % 30 #
TEIITEEIY, Y #AY -60 [mm] AT L X DA
I LT A > % — L0 RMSE Z3HE L7, it
5T, XFEENTVDEED LD RSME %, 1
FIENZIZHOWT, A v TEICEMETE 5. X, Z
= N EIUTONT, HERE A D Gainl:1 OFER
TIEHLEITo 72,

ZORER, FEHHELBIZBNT, 74— Ry
ITFALDREER LT E RT3 —< VAP
Bl Liz. F£72, N7 —~ 2 AOELITEAZE
MDRELFA L ERT p—< 2 ZAOBKRIZON
TRBICET AEMIT RO o7z, fERE
0, BERENT A OB EEHL, BicxtL
TOTEIOHERAEACEL - TEI EEX LN
L. o TEANICE Y BT 4 — Ry 7 7 A

SRRV, EREEEIEIC
IA v ERELTDHIE TR T = AR
MESEDLZENTEDAREMEN RSN,

BNTT 44— Ry

S5EGRRMXE

CragR] Gr2fh)

O @, EAREEE  HEEED DR
TR T A A K DMAHBUR34E-1DOF /i
TR K D R EE S, A AR 2 m
RT 4 7 A« AT ba =7 AFEHE 20, 2A2-
N02, 2020.5.29

@ mEffasd, R O EARRIC K D )
TEDRGEIIR O MFT -2DOF JIR#RICER T
DA BOR S, B AR
A e AJbw =7 A2, 1P2-J13,
2021.6.9

SuRT 47



