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Exper imental Evaluation for Subliminal Galibration for
Machine Operation
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In this research, a novel assist named “subliminal calibration” is proposed. The
technique is to modify the operated machine dynamics approaching to human image.
Furthermore, a new evaluation technique for operation skill using time delay of
command input decision. Finally, the experimental results show the skill of beginners
approaches to the expert’s one by the assisting technique.

BT ERR
(ERHNL - 1)
B RN & gt

2010 4% 2, 100, 000 630, 000 2, 730, 000
2011 4EpE 1, 200, 000 360, 000 1, 560, 000

R

R

FEE
% 3, 300, 000 990, 000 4, 290, 000

WFFEs 8« T2
BHFE DR « MH - FNEEREMRT: - B A T A
XF—U— R A 2T A

BT 2 NH o AR AEEME R BIZEIR
ZESHINLITOATHNSD. Zhbid, R
ESNTZRET, FAMCABICL VRS

1. WFZERHE S0 5
T, vy MR LIZEE T 2% < O
TERITONTWA., 20X H 2RI, =

Ny NBEEBMTEVZRET 2 AHE YV AT A
L, ABINPNTET D AW S AT 2T K5
aha.

DL, BV AT AL, FRICHEESE

TAEEICOWTIE, £< Ot - EENE
BRA B/ L TS, UL, HANCHRHEN
TEL TR ho EAAELCEE R E 0 21k
WIS U CTEX(Z 2T 5 2 L1, RO



WCIEREETHD. OFEV, FHEITTITO
RN ELZET LT D Z LITIFIERT
HETHDH.

—J5, ANEIZZ DX 5 e T s L=,
TEEEREOZICR LT, %3 LKk
e EL R REREEEISHEICET T
W5, ETRIRHCFE - BOEE BRI T
L, B CHERT7 3 —~ v ADH EEX -
TWb. ZOXO AN ZHESE D
R, NERE S 2 T A OBFZENER ST
Wwa.

%< O N > 27 2FZE D FIRIE, A
MOEIET > 2 MCEINLTWS., DXV,
BER U R E A 1T E 57291,
VAT AN THNRECFH T & B fE L T
EWHBER Ty —w U AEREIEH L
MNEELRHOTHD. EROT VA NFIED
%< 1%, BEEIC L Ha~r RIZkL, v
TAEFHEDEAICHF LT A NEM
BT bDThot-. ZoOfHlE LT, H2EH
WED 72 6 DFEEY > 5 D [ 770 5 108 fiLE ~
DFEERERDHITOEND. VAT LFHEHD
TRET IR EDIEEL A 7IZBWT, 20X
ART VA MIEWAAT ¢ —~ 0 R E5H
THZENREINTND.

L L, #fEa~r RIOET 5 TELT
SNDHT A ML, BRI AT AL FEERIC
TRTCOMEEET ML TE RN &I
Z, BEEOFE - BER I EFHET L &
N E 22D, RAFFETIE, HFIC AR Oz
BEOICER LI LW A 2T 50
WA HisT.

AN ORGER N OWTIE, MR F0 5T

Natural Learning

operator image (internal model)

A Getting
------- Tt e Skill
- ... Y

machine impedance

\ operated machine impedance (constant)

time

(a) Operators learning process (without modification)

Cannot work the Natural Learning %
.
-- I
. .
1y
* S\ Bal Al vy

a
I

machine impedance
T

operated machine impedance (modified with awareness)

time
(b) Impedance modification with operator awareness

Getti i
Skcinl ne shorten the time

machine impedance
v

\ operated machine impedance
(modified without awareness)

time
(c) Subliminal cariblation

B1: AMoORERFE

HBAFZENITTONTEY, ORI LT
ERBEDA A=V OBRICKEL b T
WhrtEzbN5. o0, M 1) (IR T
X O ICBIEE DA T 5 BRIER G O E T T
NV (NEBET V) LEIERIROX A FI7 A
MD—ET 5 L&, BIEFITRVIE Y I A
BIETHZENTE, NHET VEZRKRIEIE
TOHRMBENIERETHDL EEZLND.
T ZCHEM GO L A I 7 X (18
RECORMERRED) A BEE O T HANEHET
ST B E W) HFREEZ. LrL, #&
YERRL A F I T A EZEDZ L%, K
1D LS, HErLRIENFSNEELT
WAHEND L) T E S 2, BEEOEK TR
FOREEZHET LI ENRBEE 2> T
2. FIT, ALEZEOMAOOESTH
LEMERIFEZEAL, BEEIZR S
W TOM A A 2 7 AMEEEZ1T .
ik, M1eon X oz, B TO#HR
ERERREL 0D, ThaYT7 ) I %
YU T L—a rENED, BGEEED T

2. WHEOER
AWFICHRE T, IR LT Y I %
¥ U7 L—ya oERICHIT 72 EBR KR
MAERET S, K, YT U IFF Y
TL—varnaToREREDRICER
L7 ffHT D=2, HMGEFHMIFEORE, #A
ETrERCATLIBEEITH.

3. WrFEDHiE

AWFFETIE, 2 04 DERE (7220
RBF) 12k, K2iort Lo, YVada
2F 4w I D~ 2 T VEBECE T
=Nk, TN X =Ty M
SHLBMEX AV HEELIZ. 2T, BE
RRO~—H1L, B8 WEOX A F I A
ZALTEY, BEWAIZED DI idehaE
NLE LS.

e ) operation target
operation target
S / /
e
Xy \ X \
X
reference target reference target

(a) Horizontal task

2. EEppRy

(b) Vertical task

EBIT, EEX 27 0Fm (FEE-ITK
By, $ 7V IF X YT L—varps
A2 (1%, 2% ZZNENT X L7RAFTIT
VY, TOBCHELZBNTS. oF 0, Bt
PRAENPNEWVEEEVEY BTV &
ML, 7 U I FAFr T L= a N
FTNERE L TWDE0EHMT 5.



BTV IFAFY VT L —va VOFE
FLLT D@y ThHD.

(1) BRERRZELEBIEA N a~ > ROBRIZ
W, FE7 L3y XA (CMAC) & v
TIUTNEA LTEEIESL., 2FD,
BITEDBIERREEZ AT D &, BIEEN
OB AN T3 EEZ LN #/E=
<~ ROTFHAMEZH T 5 ANBET V&
BT 5.
EROFHEE FANT, BIEBISEE %
EODLEEN R~ — I DE AT I 7 AN
M CEMEAREL, Rt E, BIEATIT A
V) DEEREEHETS.

(2) TROTEEREITKT L, [0 720
FACBNICIND D LD 74V EZ Y T %
TWifT 2. 2%, BEEEZK S,
A2 WEIPHN CEAEX Gt~ — I D X A S
U AR E B R B.

(2)

(3)

ok, NHETVIZX D Ea~y
RTHlZ AWT, BEEEEZ DD X5 I12H:
Vet~ —H DHE A F I 7 A HBIEEICK
SN WREHTELET A2 ik -T, K
1e)D X Hiz, R TREVWEY IHRND v
AT LARHRENRD.

4. WFIEEE

K3z, YU IFARr ) TL— g
A LRWEGEAE (T ANEL) 204
DO NHBIENLE R SR L OV E R 2 2 R
ORI, TR RRRWEEICLRET
HIZBERENM ET B2 B8 bnd. OF
v, M1 (@ITRLEX T, AMOBGERE
TINFEIINLTWD I ENFEND BT,

00 0.02
N Horizontal task N Horizontal task
[ Vertical sk 0018 [ Vertcal task
002 5 0016
o 5
5 Natural Learning 2 0014 Natural Learning
5 ois z
2 0015 5 ooz
£ 3
H 3 001
z H
s
= o0l 2 0008
s 2
£ s
] < o006
g o
0.005 £ 0004
£
0002

0
8001-10000 12000
10001-12000

0
1-2000

4001-6000

4001-6000
2001-4000 6001-8000

sampling count

8001-10000
10001-12000

2001-4000 6001-8000

sampling count
(a) Means of following error
without any assist

(b) Means of following differential error
without any assist

30 EERIR (T AMRL)

W, TVAMELIZBITSBIEREEZ b
N AR T IR T N—T 051 %17 9.
T, R EMLERTAERINL, T VR
MELCTHBEBEOEW 44 % 7 v—
7H, FAL4&ZETNV—TL, ZFOMmzEIL
— M EFNENES. LITTHE, o7
— 7TV IF A T L — g
DNR A IRFET 5.

tracking error e tracking error e

tracking error e

Horiozontal Task

05 —
g High Skilled Middle Skilled Group Low Skilled

04 2 Group (Group M) Group 4
k] 51 H 51 L]
B (Group H) (Group L) )(

Evaluation value E;

b

Differential error é?

=
N

B K ARANAR

Normalized evaluation value E;

Average of ¢7 and é?

-

k1
0.1 - 2
- il i, " 8
._ P | !..7 5
Tracking error &7 z
ol ol . A
12 3 4 s|[6 7 8 9 10 11 12 13 14 15[[16 17 18 1920
Participant ID (sorted by evaluation value E;)
(a) Group classification on horizontal task
Vertical Task
0.5 :
& g | High Skilled Middle Skilled Group Low Skilled
2 04 ] Group (Group M) Group )( i
oS % | (GrowpH) (GroupL)
T2 z )
= Evaluation value E; ™
£5 03 ) - <
o= Differential error é? g
s -
S5 02 i
&8 -
] g
] - o
3 Eor - B -. g e "7 3
5 . % it Y _ =
z i Tracking error &7 3
0 . . . A
102 3 4 s|[6 7 8 9 10 11 12 13 14 15[[16 17 18 19|20

Participant ID (sorted by evaluation value E;)

(b) Group classification on vertical task
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(b) Distribution of prediction error in horizontal task
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