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Tool-body Assimilation Model based on Body Babbling and Recurrent Neural Networks
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We propose a tool-body assimilation model based on body babbling and neuro-dynamical system for robots to
use tools. Since almost all of existing studies for tool handling required predetermined motions and tool features,
the motion patterns are limited and they cannot use novel tools. To counter these problem, we took the following
two approaches: (1) a humanoid robot model to generate random motion based on human body babbling, (2)
recurrent neural network and deep neural networks based on human recognition mechanism. Experiments were
conducted with multiple tools for manipulating a cylindrical target object. The results show that the tool-body

assimilation model is capable of recognition of tools.

1. OO0

gooobooobooboooboobooboooboog
gobooboobobooboobooboobboo 1o
goooobOoOoboOooboboobouoooboobooooo
gooboobooboooboooboooboooboobooobooo
[rikio40ODODO0O0OOODO0OO0O0OOODOOOOODOOOOO
goooboobobooobooooobobobooobobo
goboooboobooboobooboobboobbooboob
O00000000000000000000 [Nishide 2012)0

000000000000()D000000o0ooo0ooOo0
(2000000000000 0ODOUOLDO0ODUOOODOO
ooo0ooooooooooo()ooooouooUooooo
ooooooooOoooooo(@)oououooooooo
O00000000,0000 [Takahashi 20140000000
0000 self-organizing map (SOM) 0000000000
gooooooooboboobooboobooboobooo
gooooboooboooboooboooboooooobooooo
gooooooooobooboboboboboboobooo

2. 0000

0000 (Deep Neural Network: DNN) 000000
0 5-10 0000 Neural Network 000 00O O Hinton O
[Hinton 2006) 0000000000000 0OOOOOOOO

ooao: goobobooboobooboobono
oooooooboDoooooooooo0oDbao

takahashi@sugano.mech.waseda.ac.jp

0000000000 DNNOOOOOooooooooooaga
goooobooooobOo0oob0obooobobooooooga
0d00o0000000DOOo DNNOODOOoOooboooooo
DNNOOOOOOODOOOOoooDoboooooboboooo
gooobobobobobbobobooobobuoobobo
goo0dobooobooobooooobuoooooooo
Jo00bO0o0o0O0oDOo0o0bO0o0obOoobooDoooooooa
goobooooboooboooooboooboooon
DNN OO0OO00DO0O00OMartens [2010 Martens] O O O
00000 Hessian free 00000 2™-order optimization
goodoboboooooooboooooooboooooon
000o00oobOoDO MartensOOOOOOODOODOO

3. gobobodgo

oboooooooobci1ob0o0oO0O0oooboOooocoonoo
gbooooooooboooobobooooooobooooo
ooobDNNOOOOOODOOOOODODOOOOOOOOoOoOO
gooooboooooooooooooooboooooooo
0000000000000 (multiple time-scale recurrent
neural network: MTRNN) 00 0000000000000
OO0OMTRNNOODOOOQO parametric bias (PB) 0000
goooooooooooooboobooodoooboboooooo
ocooooopBOOOOOOOOOOOODOOOOOOOOO
goooobooooooooo pBOOOODOOOODOOO
oobooooboooobO obooobO pBOOODO 000
OUooo9gUioiD)DoooooPBUOOUOOODOOO
gobooobooooooooboocooooobooOoooboo



The 28th Annual Conference of the Japanese Society for Artificial Intelligence, 201/

DPEOPB/—FIZEYREETILICEREMZ D

________________

________________

ERNNE

EFITLD
BTV

h*35

,——————-

_______________

U1 00000000oo0d

3.1 DO00O0OOOObOObDOObOOoOobOoOobOon
goboooobooooooooooobooobbooooboooo
gooooobooooooooooboooooooooooboo
gbooooobooooboocooooooboooboooooboooooboo
oooO0o0ooooOODNNDOOOOOOOOOOoOODOO
gooooooboobooooooooobooooooooooon
000000 MTRNNOOOO [Tani 2008]. MTRNN O OO
gooooooooooooooboobooooooooobooon
goooooooooooboooooobooboOoooooooon
00000 CcsOOooOoUooooooooocsooooog
gbobooobooboooboooooooobooo

3.2 OOO0ODOOOOO
Oo00o0oooOoo0000o0ooo0ob0000D0ODb0O0MTRNN
ooooooO pBOOODOOOOOOCOPBOOODOOOOO
goooooooooobooboboooooooooooooon
ooo MTRNNOOOOOODOOOOOOoooOpBOOD
goooooooooooooobooooooooooooon
oboooooboooobooooooooboooobooobooboooooboo
ooooOopBOOOOOOOOOOOOOOOOO0OO

4. Uggododboobooooooboo

4.1 0O0O0O0O
goooooooooooboobooboooboooobooo
gobooooobooooooooOoIrIoooTrToooLooon
oooooOOo0o0ooLooO0o0oO0ooooooOOoOoooOoOon
gobooooooooooooboooooboooooooobooo
ooooooboooooooooooooooooooo
OpenHRP3OOODOOOOOOOOOOOODOOOOOOO
O0000O0O0o0oD ACTROIDOOOODOOODOOOOOO
goooooooobooooooooocoooooooooon
gb20000000000000O0 3000000000
goboodouobooooooboboooobooobooooboa
gooooooooobooooooobo20b0000000D
gobooooovw»oooooooooboooooooooon
0000000000 e00nO 30stepidOonOoOOoOOnO
goooobooooDb32x24000000000D00O000O0O0O
ooooooooooOoOODNNOOOOOOOO 1500
oooooooooono 3000 MITRNNOOOOOODOO

4.2 0000

oo0O00oO0O0O0 pBOODOOOOOCOOO 200000
2000000 pPBOOOOOODOOOOOOOOODODOOO
gooooooooooboouoooooooooooobooooD
goooooooooooob 20000000000000
goooooooooooooooOooboo LbobobOoooIo

oo TOOOooooooboooooooooobogooooo
goboooooboooobOoooboooooooobooooooo

oF ‘og ody, .
» %

0
-2 . '}3

46 a2 0 2 4 6 8 10
PC1

02 PBOOOOOD (DD0:00000000ODODO)

5. Uobboooob

goooooooboboooboooobooboooooDo
gooooooooobooooobobooooooooooooo
000000ooooooooOoO0OO0cO0c00O0DbNNOOO0O0O0
ocoooO0o0ooooODO00 pPBOOCOOOOOOOODOOOO
ooooodoooooooobooobooooooobooooo
gobooooboooboboood

ERN

O00000000000obO0oooooOoooo (S)dNo.
2522000500 000000000000 000DOOOOO0OO
OO0 No. 2411900300 00000000000000O00O00O
O0o0o0oooJSTOOOOODOoOoOOoooooooooo
ooooobooooooooooooooobooooooo
gobooooobooooooooooooboobboooooo
gobooooboooooooboboooooobooooobooooo

gooo

[Iriki 04] A. Maravita, A. Iriki.. Tools for the body
(schema). Trends in Cognitive Sciences, vol. 8, no. 2,
pp. 79-86 (2004)

[Nishide 2012] S. Nishide, et al.: Tool-body assimilation of
humanoid robot using neurodynamical system. IEEE
Transactions on Autonomous Mental Development,
vol. 4, no. 2, pp. 139-149 (2012)

[Takahashi 2014] Hadi TjandraOO O OO Oet al00 000
goobO0obobooOobDOooobobooooooooo
000000 O0760000001S4000 (2014)

[Hinton 2006] G. E. Hinton, R. R. Salakhutdinov.: Reduc-
ing the dimensionality of data with neural networks.
Science, vol. 313, no. 5786, pp. 504—7, Jul (2006)

[2010 Martens] J. Martens.: Deep learning via Hessian-free
optimization. In Proceedings of the 27th International
Conference on Machine Learning (2010)

[Tani 2008] Y. Yamashita, J. Tani.: Emergence of Func-
tional Hierarchy in a Multiple Timescales Recurrent
Neural Network Model: A Humanoid Robot Exper-
iment. PLoS Computational Biology, Vol. 4, No. 11
(2008)



