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A robot that can be directed in a simplified spoken language and by tactile interaction
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This paper demonstrates a prototype test bed for usability studies of a multi-modal language for directing
robots, usng a Sony AIBO and JULIAN, a grammar-based speech recognition engine. We developed a grammar for
spoken commands based on Japanese in order to simplify command understanding and an event-driven system to
interpret multi-modal directions. In our pilot studies, we confirmed our robot can properly react to spoken, non-verbal

and multi-modal directions by humans. Results from recent experiments involving subjects unfamiliar with robots are
also reported and discussed.
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Fig. 1 Multi-modal interaction with home robots
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Table 1 Partia list of grammar rules of MODLIN-0

S > ACTION 0
Speech Events ASR Wave data S » MODIFIER 0
<— m " m ACTION > ACTION_T1 1
N\
MODIFIER » MORE SPEED 1
Command | Non-verbal| Event |Sensory| Robot ACTION T1 > P1A1L >
Interpretation | Events | Detection| “data | Hargware P1 > SPEED 3
Action Table 2 Part of MODLIN-0’s lexicon
- Generation Motor Commands
Action Att. MORE md_1 2 mochotto
Fig. 2 System architecture for multi-modal directions SPEED speed 0_0_hayaku
3.2 AIBO A4 at_ 4 1 susume
LUNIT lunit_1 1 cm (cm)
Sony ABOERS7 Wndows PC 1 LAN DIGIT number_6_1 6 (6)
PC WO joshi_1 1 wo
JUWIAN (http://julius. sourceforge.jp/)
A BO s
Qren-R C+ |
ABO U ACTION
A BO
RC ACTION_T5
3.2 MXILINO P5 A5
MILIN-O(t he Mil ti nodal Language for | nstructi ng Robot s) DISTANCE DIRECTION

JULI AN /\ DS/\NI

NUMBER LUNIT

DIGIT
10cm 90 8) (cm)
Fig. 3 Parse tree of MODLIN-O for “Go 8cm back!!”
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Non-verbal Event Queve |« @ \4/
Q© 00 Non-verbal event 4.3
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Fig. 4 Event handling for command interpretation
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Table3 Questionnaire and results

P s P
28 | 4 2.6
38| 4 | 36
- 4 | 3.2
4 - 3.6
- 3.8 | 3.2
3.6 | - 3.2
4 | 44| 44
- - 3.8
- 4.8 | 4.4
46 | - 3.8
38 | 26 | 3.2
24 | 38| 26
32| 36| 24
36 | 42| 26
42 | 48 | 28
38 | 38| 38
28 | 4 2.8
4 3 | 38

Table 4 Time to complete tasks (success rate)

1'08'(100) | 7' 25"(60) 5' 49" (100)

0'59"(100) | 2 41"(100) | 4'37"(100)

2'12'(80) | 356'(100) | 7' 23'(100)
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