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DISCOVERY AND ACQUISITION OF THE AFFORDANCE WITH TWO FLEXIBILITY ROBOT ARMS
-APPLICATION TO A CLASSIFICATION TASK BASED ON THE DIFFERENCE IN PHYSICAL PROPERTY-
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Our research aimed to develop a new method for robot perception based on that of human beings. In

this research, as a typical example, we employ a task involving distinguishing objects, and we
demonstrated the importance of motion in utilizing real-world properties. We focused on a learning
mechanism to find usable real-world properties and to identify the motion that would enable us to utilize

these properties. We employed shaking motion as an example, and we proposed a new learning
procedure. Experiments were conducted, and we demonstrated that the difference of object could be

distinguished autonomously by the proposed simple procedure.
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Case 1 2 3 4 5 6 7 8 9

Mass [g] | 60 | 60 | 60 | 36 | 36 | 36 | 12 | 12 | 12

Material | G R P G R P G R P

G: glass, R: rubber, P: plastic

BEDWRRED R EITH ¥ A2 TIE _HHBEOES) % %
5. T— A0S OERE R Y i, 2 fEET

DIFREAT S . Fig3 IZERICHWA AT V=7 MERT.

AT b 1IEHE 20cm B 25ecm DTV IR, ATV =
782, 31347Vl M1 OEHIIES 2cm ORI T
2T VBLO#E, 0.5cm O T L& BEY T 5.

[object1]

Fig3 (EONRICHETFHAT =z b

4. RREFE
T4 —H AR THT NI RAOREE L,
T OME % Figd 2R

[ Star ]
v

[ Initialize parameters ]

»{_ Conduct a motions |

[ Real world perception ]

[ Adjustment a motion ]

Figd 7 74—FL ADFHRTa—

FT, WINRTA—F—FREL, TEEZERTS.
WIZEOITENC L TR 24T 5. 2 2T, FFMiEuEs
REICH H2WHENREELZFIAL, XQ)EZHANT, B
Ptk THEONET 42 TEMLTSH. 22T, P
REREERET—%, NIZT— % Ok, x 135 —4,
Xmax 1L B —CHABRNEHRAROT—HEET D, K
12, REQEFAWEHIESNEE LB L, ZOEWDZE
ZEMIPEE LT 5. 22 T3 T a4 T2 b
B35,

_ N ﬁ&ﬁﬂqz @
%mrJ%ai[me
n.—n,—j
D= X (P(k+j,r) - P(k,r))z @
j=1 k=1

O, FHMBEEICHE, EONDORENWENRT X —H
—HFETHZ L TITBEELEL TV, AL, 1TE)
EWET L HESL LT, FHMIMEOSWEEIERT 2
B, RHONT, BEMT LY X AGA)L0]1Z =)
HEo, 2 0 OFEERF L. TRENFEEFEOE
A OV T ERFIRCBW RS, ZoFEE#RED
W ZET, T7+—F L AZFAL, KEICHEGH
AT E D



5. EE

(1) FEOHREDHH
a) ERFE

1 HHREOHLOERZE 2, REIZHDME % IEITIT
BEREGT 52 LT, HORHFONBIELT . Figh (2%
Boo—%RT. neBEUng 12N ERRITES L T

5.

’ Set initial parameters ‘

’ ‘ Conduct ‘ ‘
a motions

’ ‘ Evaluate the ‘ ‘
motion

Set new
parameters

Figs F#H7r—

FT, PR T A= —FPEL, BEZITH. Fig.6
WEWEZITS 7r—%pd. HAOMLZEXE@)EL, A
VRIREE, IR E T 5. RIS &R Fig7 [oRT &
ST, BYA 7N TLITERIZEMSED. AA, Af
@) TH 2B, na, nilXENZIIER, BRSO
i ch .

Conduct a motions
Start

’ Af,AA are given by equation (2) ‘

ig=ig+l

’ Output torque using equation (1) ‘

No
Conduct a motions
end

Fig.6 Conduct motions

7;(t) = A, sin(2x f; 1) ®3)

Af — fmax ~ fmin

ng¢ -1
A — A @)
AA = 2max = Amin
na-1
A, f

-
oA FJ f§
2 €
=Y | 3
g 2
< fl?

Time [s]

torque =—amplitude ——frequency

Fig7 A hv2 (np=3,n¢ =3)

Wiz, BEEFMT 5. £9°, RKOZHAVETEICE
Jaerr—noiEonzr—4&ERLL, Q)& H
WIEH b SN TEL i3 5. 2L T, ZhEho s —
AWK L TR BEVORE VIR (Anad & B (fra)
HEICEERSETD.

wmIC, XE)ERNWRT A= —2THT 5.

_ Af
fmin = TDmax —>
f =f +£
max Dmax > 5)
AA
Amin = ADmax 5
AA
Amax = ADmax +=

REOHWEZRIC, ZOFEEZGEVIRTZEICLY, I
g & BB BT DB N Z — o DA BEH NS L 72D,
Fof& B3R 72 IRIE & AR BN S LN 5.

b) #R
Table 2 (ZHHI/RT A — & — %R

Table2 T A —H—
Parameters
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