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HMM Synthesis by Penalized Likelihood Maximization for Object Manipulation Tasks

o Komei Sugiura, Naoto Iwahashi, and Hideki Kashioka
National Institute of Information and Communications Technology

Abstract— This paper presents an imitation learning method for object manipulation such as rotating an object or placing
one object on another. In the proposed method, motions are generated by using hidden Markov models (HMMs) with
penalized likelihood maximization. The method was evaluated in physical experiments in terms of motion generation.
Experimental results showed that appropriate motions were generated even when the object placement was changed.

1. ODO0O0d

gooooooobooboooboooooooooo
gbooooocooooobobobooooooon
gbooooocooobooboboboboooooon
gbooooooooboboboboooooooon
gboboobooobooboobooboooboo
gbooooooboooobobobobooooon
gboooooooobooboboboooooooon
gboooooobooboobobobobooooon
gbooooooboobooboboboooooogon
gboooooooobooboboboboooogon
gbooooood

OO0000O000D0O0O0D0ODynamic Movement
Primitives [1,3]0 00000000000 0CO [4]00
oooooooo #HMM) [2,5,7,810 00000000
ooooooboooooboob s eMMODOOOOOO
oo ejoooooeMMOOO0Oooooooooon
oboooooooooobobobobooooon
oooooboooooo [ejobbobboooooobn
obooooooooboobobobobooooon
ooooooooooboooooboobooooooon
oboboooooooooooboobobooooon
oboooooooobooboboboooooon
oboooooooo

2. JgoObOoobobboooobboboooo
g

goooooplbooooooooooooooon
obooooooOooboboboobooooooon
oboboooooooooboobobooooooon
oboooooboooobooboooeMMOOOO
gbobobobooboboobthobooooogn
goooooooo

& = [af AWa]] M

0000z, 000 ¢t00000000000OOOO
00o0o0o00AMg,0100000000000000

ooooejooool200000oooooon

13 (S12012)(2012 12 18 ~20

goooooDHMMOOODO ADOOOODOODO
012000000000000000000O00OO0
gboboooboooooobooobooooobooo1bb
gbobooooooooobooboobobooooon
gbbobooooooboooooooooooooon
gboboooooooooooooboboboooon
gbo@looobooooooo

200000000D00O0O0COO0ODOODOODbOOn
gboboobooooooboooobobobooooon
gbobobooooobooboooobooboganolon
gboboboooooobooooboobobooooon
gboooobooon

000000000000000000000000
00000006200000000000 P({z:}|o?)
000000000000

1 T
272 2)535}

(AP x,]0,0%1)

P({z o) = 5 ex

=1

DDDDZDDDDDDDDDDDDDDDDDDD
000006200000 {=,}000000006%0
0000 {«}00000000000000O06%20
gobgoooobooooo

2)

00000000000000 LO0000000
0000

L=10g P(EW|q,\) +log P({z:}|o>) (3
=) gooooDOoOoOoDO0OoDOoOoOoao
"' DooooOoOoDL OO0 1000 2

1
L=—=(=

SED )Ty @)
00002® 0 [2], A0z A@2]] 0000K O
000DOOLOO00DOO0000000000
ooooo

(2) 1(5(2) —p)+ K

) SY0012/12/0000 - 2305 © 2012 SICE

- 2305 -



3. 0O

31 0000

oooooooooobooboobooooooooo
goooooobooooooooooonooooooon
gboooboobooooboboooo  eMMOOO
gbooobogobboobobbobboooboooobo
00oooooooboo0OOo0O0000ggdTablel
ooooooooooboooboboo mooo (oo
gboooboobooboobooboboon

goboobooboobbooboobooobo
gboboobodgboobboobgoboaboda
gbbooogbbobooobooboboobaorobd
ooooooooooooooboboonbooooooon
oboobo2000000000000000000O
00000000 6%?=01000000

Table l OO0 00000000

[ 0O [ ooog | 0@ ]
@000000000 [000000000 [ 00
(O] 00000 00
(9000000 00000 00
32 OO

Fig.1000000000000000000000
0000000000000000000000000
000000000000000000000000
00000000000000

00000000000000000000000
00000 E0000 (000 E00000000
0 D(EE) 0000000000 DE,E) 00000
00 7T00000000000000000000

X 1 Z
Degy:fz;quﬁw 5)
t=

0000000 00000020 =200000
t00o0ooooooooooo

Fig2O0OO (@O000000O D(E,é)DDDDDD
Ud@b(gooobooooooboooboooobo
gboboooooooooooboobobooooon
obobooooooooobobooooo2uon00nn
gbobooooooooobooboboooooooon
gbooobooboooobobooodg

l l

Ll o w3

. )..‘ o 3 N
«\ 4 ‘ - i \{ \ -
I Sl AR '

Fig1 000000000 OODOOOOOOOOOOO
oboooooboobo:ooobooboomoooo

1.4 T T

T T T
baseline =

12 proposed N |
T 1k e
s
5
Sosf .
[

c

206 |- -

©

[}

5

Soal -
0.2 |- B

@ ® @© @ @ O @

Fig2 0000000000 @OIOOOOOMbLOOODO
0000000000 000@I0000G@E) 00
0000@O00000(»00000

4. 00O0OO

gbooobomoboomobobooobooboooon
gboooboooboooboobobooboooooboo
gboboooooooooboobobobooooon
gbooooooboooooboboooobooboon

oo

oooooooobooooon 2470018000000
gooooooooooooooDo 2118710000000
gobooooooooooo

goog

[1] Ijspeert, A., Nakanishi, J. and Schaal, S.: Learning attractor land-
scapes for learning motor primitives, Advances in neural informa-
tion processing systems, Vol. 15, pp. 1523-1530 (2002).

[2] Inamura, T., Toshima, I., Tanie, H. and Nakamura, Y.: Embodied
symbol emergence based on mimesis theory, International Journal
of Robotics Research, Vol. 23, No. 4, pp. 363-377 (2004).

[3] Matsubara, T., Hyon, S. and Morimoto, J.: Learning stylistic dy-
namic movement primitives from multiple demonstrations, Proc
IROS, pp. 1277-1283 (2010).

[4] Ogata, T., Murase, M., Tani, J., Komatani, K. and Okuno, H. G.:
Two-way translation of compound sentences and arm motions by
recurrent neural networks, Proceedings of the 2007 IEEE/RSJ In-
ternational Conference on Intelligent Robots and System, pp. 1858—
1863 (2007).

[S] Ogawara, K., Takamatsu, J., Kimura, H. and Ikeuchi, K.: Genera-
tion of a task model by integrating multiple observations of human
demonstrations, Proceedings of the 2002 IEEE International Con-
ference on Robotics and Automation, pp. 1545-1550 (2002).

[6] Sugiura, K., Iwahashi, N. and Kashioka, H.: Motion generation by
reference-point-dependent trajectory HMMs, Proc. IROS, pp. 350—
356 (2011).

[7] Tagniguchi, T., Hamahata, K. and Iwahashi, N.: Unsupervised Seg-
mentation of Human Motion Data Using Sticky HDP-HMM and
MDL-based Chunking Method for Imitation Learning, Advanced
Robotics, Vol. 25, No. 17, pp. 2143-2172 (2011).

[8] Takano, W. and Nakamura, Y.: Statistically integrated semiotics that
enables mutual inference between linguistic and behavioral symbols
for humanoid robots, Proceedings of the 2009 IEEE International
Conference on Robotics and Automation, pp. 2490-2496 (2009).

[9] Toda, T., Black, A. and Tokuda, K.: Voice conversion based on
maximum-likelihood estimation of spectral parameter trajectory,
IEEE Trans. Audio, Speech, and Language Processing, Vol. 15,
No. 8, pp. 2222-2235 (2007).

[10] Tokuda, K., Yoshimura, T., Masuko, T., Kobayashi, T. and Kita-
mura, T.: Speech parameter generation algorithms for HMM-based
speech synthesis, Proceedings of ICASSP, pp. 1315-1318 (2000).

- 2306 -





