B2 Y EVTIZEITAHEEHRBERBTICEICETILORE

PN
A

2

il

A model of cooperative tapping based on correlation analysis

Homare Kon

Abstract —To improve cooperative process in Human-Machine system, we have to see how cooperative process
between human. We used co-operative tapping task to find out timing control mechanism in cooperative process
between two human. We made an experiment that has Cross-Feedback system, measured tap onset times,
calculated synchronization error (SE) and inter tap-onset interval (ITl). The model was presumed based on
correlation analysis of SE and ITI. The machine that mounted the proposed models reproduced man's behavior in

cooperative tapping task.
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Fig. 4 Two examples of temporal fluctuation of Synchronization Error (SE) and Inter Tapping-onset Interval (ITI) with human

DEALRITIVIZLLFO X S IZEERT . ED XD O N B 2 ERND.

WHETHEONEZL I, TREND 3 ODRE—
(SE & ITI, SE & ITlv, SEv & ITIv) I2OWT, fHAEF
BEFRAT 217\, c(Q)DOHLBRHE M E¥ 4% Fig 12~ L, Lag
T L OWBRE RS & Fig7 1R T. SE & ITIv CHEEIR
F|g4 W L7=34T L 0 457= SE & ITI, SE & ITlv, SEv $ ¢(0)=-0.79, SEv & ITlv CTHIBIFREK ¢(0)=-0.83 FRE &,

LTIV OB % Figb IZRT . ZHEL— R ORI FEFITIRVFHBEN & B Z & IR ST Fig.7 O SE & [Ty,
EMRNEIT D X912, ADOWLBIBIRA R S, FHERD S SEV & ITIVIZ DWW T, Lag2 AR TIFIER U2~ L7z,
WS ZERHERIEND. 2O XD ZefH Y, TRTORE

SEv, (n) =SE,(n)-SE,(n-1) (3)

ITIv, (n) = IT1,(n) = IT1 ,(n—1) @)

i B . 2 G N .
Eﬁ%Lku TRz, RREITHE, SEV & ITIVD s EFLEE
BbE<, BWTSE & ITlv, SEZ ITI & W) Lok -

TW5. ZONECHBEG bR & HERI S NS, RITTEDFE RN D, SRV L B 7z SE & ITlv, SEv
32 {AE{EEEfEMH EITIV ICHBIBER A H D L LT, ETAMEEITD. L
M O D SE & ITHC, HEREsRmsn T OBUCHE, PBE 2RI FAB)EEIT 5.

7=, Z OB TITERL _mggﬁ%ﬁ@ﬁb\) BERE AL LT 4.1 ITlv & SEv

eBIEE k 2 W TH v TR OZECE ITIv & FEFW



correlation

-0.2

-0.4

-0.8

-1.0

Fig. 6 Correlation coefficient of SE and ITI (with human)

SE-ITI SE - ITlv SEv - ITlv
1300 400 400
/Subject A y =-0.56 x + 1068.84 y=1141x + 767 y =70.90 x - 0.73
R? =0.33 e | R =069 . R? =0.75
0’“ *
* *
= $ ¢ i =
£ 1100 te ® £ 0 £ 0
= ’ = =
= E E
900 -400 -400
Subject E 1300 y =-0.78 x + 1060.72 400 y = —1.27 x - 8.50 400 y =+0.89 x - 0.91
, . .
o R? =0.76 . R = 0.66 ¢ R =0.87
3 7 g
E 1100 £ £
E E E
\ 900 -400 -400
1000 400 400
7~ Subject B v =168 x - 87.24 y=1114x-088
R% = 0.71 R% =0.92
°* [ &
*
4
=z 3 m
£ 800 X Y S0 .
= E E
*
600 -400 -400
, 1000 400 400
Subject D y =-1.08 x + 55.01
R? =063
— — =
o 14 €
E 800 Eo S 0
E E E
y =-0.44 x + 878.96
K R? =027
609200 0 200 _49200 0 400 _409400 0 400
SE[ms] SE[ms] SEv[ms]
Fig. 5 Scatter plot, SE and ITI, SE and ITlv, SEv and ITIv (with human)
0 1
—— SE-ITI
[] se-m —8—  SE-ITlv
B se-mv 05 A~ SEvlTi
[ ] sev-m c
.0
T /\ A
[ |
| : \/
-0.6
-05
| S
0 1 2 3 4 5 6
Lag

Fig. 7 Correlation coefficient of SE and ITI (with human)
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Fig. 8 Framework of cooperative tapping task
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idx < Max Tap Number

4 RTC Interrupt Block
yes
RTC interrupt?
no

A 4

no

hTapOnset == False?

Human Tap Onset?

‘ Human Tap Recording Block

yes

|

FileOut (mTap, hTap)

no hTaplidx] = NowTime
hTapOnset = True

A J

-
V\
NowTime >= mTapl[idx]

no

sound a buzzer (100ms)
mTaplidx] = NowTime
mTapOnset = True

-
-

Machine Tap Block

(hTapOnset == True)
&&
(mTapOnset==True)?

yes

no

SE[idx] = mTaplidx] ~hTap[idx]
SE_Sum += SE[idx]
SE_Averagelidx] = SE_Sum /idx
hTapOnset =False
mTapOnset=False

SE_Averagel[idx] > 0 ?

Model Block

A

mTaplidx+1]= mTaplidx] + a*SE[idx]
+ b*SE_Average[idx] + ¢

mTaplidx+1]= mTaplidx] + a*SE[idx]
- b*SE_Averagel[idx] + ¢

idx++

-
g

A

RTC_Time++
NowTime = RTC_Time/1.024
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