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Prediction and Imitation of Other’s Motions
by Reusing Own Forward-Inverse model in Robots

Tetsuya Ogata', Ryunosuke Yokoya', Jun Tani*, Kazunori Komatani', and Hiroshi G. Okuno'

("Graduate School of Informatics, Kyoto University / *Brain Science Institute, RIKEN)

Abstract —This paper proposes a novel model which enables robots to predict and imitate the other’s
motions by reuse its body forward-inverse model. Our model includes the following three approaches. (i)
Projection of a self-forward model for predicting outer environment phenomena (other individual). (ii)
Mediation by a physical object between self and other individual. (iii) Introduction of infant imitation by
parent. The Recurrent Neural Network with Parametric Bias (RNNPB) model is used as the self
forward-inverse model of a robot. A group of three layered neural networks are attached to the RNNPB
model as “conversion modules”. Our target task is an “emulation” of moving an object. The experiments
demonstrated that the robot with our model could imitate human’s motions by translating the viewpoints. It
also could discriminate known/unknown motions appropriately, and associate whole motion dynamics from

only one camera image.
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Figure 1  Proposed Model for Translating Viewpoints

32 ARy b RTLEERRIRE

FHEoRy hELTATR #Ooba—~</ 4 K
R~ b Robovie-lls [7]% v /=, EliZFRED 2 @i
BT LR OmKERSRE LT, vy b (4
B) —EBE (Bl) Lo HEMRARESE L, a1
VHET T arE{Tol.

2Ry hOANT—2I1%, B ATEE (WIKEEG
DI AT W TOEDE) 4ot &€ — X BEAFIAE 3
KL Thsd. ZnbrxEF LY 7Y 7 L—F
800 [ms/step] CA S L7z,

4. BHERZEETIL
BRETHEMIEEDOET VL, 40D T = — A b
W sns (Fig.2 &) .
7 = — A1 : BIEAKR DAY £ T L
FANZ G X T BB KRB EEEZ 2 R v MMTARK
S, ZOBROWRE, BT —22UETH (N
TV . AET—XIZX WRNNPBEZFE T 5.

268 B AOMRY MERFMEESR (20085F9H9H~11H)

72— X2 BEE D 2 — LD

Tz — AU T %, vl oy MY @ EE ARk S
5. AMAeRy HHATO , 90° , 180° ,
270° DAF IS, AR I m Ry NEEZ AR
s 5 (Bl X2 . Z ofEE# %2 H
T8 LD ZEHE 2 = — /L % Mixture of Expertsi: T
FETDH. ZOBEOPBEIZR AR v FAVER LEED
PBfE & [Fl— & 32 (-0 F 0 SR ITBLOIT A0 “Fik”
ThiHrLEERLTND) .

72— X3 BWED 2 —)VOREE

7 — A2 LRIERIC, AREONE T AR A
2EMEE Ry MBI LT —42BET5. 20
T—HIZONWT, TRRRENR/NERDEREY 2
— NV EEIRT D (ARORSNEORTE) .

7 = — X4 . FE{REMED ARk

72— A3 TRRENT-ABEY 2 —NVEHEHL,
A BRI BRI IS T APBEA 3 E T 5.
B 57-PB fE&NEEF/LRNNPB ([C AT 52 &
T, BUHENMEZ AT D (ShIRIC X DB o) .

Phase 1 Phase 2 Phase 3 Phase 4
Infant Infant imitation Infant imitation Parent imitation
body babbling by parent (1) by parent {2) by infant
180 deaq.
{a3y Parent 2o Parent f=a\ Parent

=/ o/ A/
= =t o =4

— G- G- @

; T = (I \ | |

Infant Infant Infant

Infant

0 deg.

Figure 2 Proposed Process of Imitation Development
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Figure 3  Position Identification by Linear Combining
of Translation Modules

Figure 4 Photo Image of Imitation Experiment
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Figure 5 Differences between Observed and Associated Motions
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Figure 6 Difference Maps between Observed and Associated Motions
from Static Camera Images
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Figure 7 Associated Motion Trajectories from a Static Camera Image
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