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Abstract

Research in robotics is growing and many humanoid robots are being produced.
The humanoid robots are remarkable media because they have many modalities and
can act in the real world like humans. Humanoid presentations are effective in a real
environment, because they can move and look around at the audience similar to a
human presenter. Thus, in this paper, I propose a humanoid robot’s presentation
system that includes the speech interaction.

There are many tools to make multimodal contents using animated agents, but there
are no tools for humanoid robots. Thus, I have utilized the technology developed for
animated agents. MPML (Multimodal Presentation Markup Language) is a medium-
level scripting language allowing many non-specialists to easily write multimodal pre-
sentations with life-like animated agents. Like HTML for making Web pages, MPML
is expected to serve as a core for describing and producing multimodal contents. I have
developed a new MPML version called MPML-HR ( MPML for humanoid robots). Us-
ing MPML-HR it is easy to write and thus generate a set of humanoid robot behaviors.

A parallel execution mechanism of action, speech and autonomous head motions has
been introduced in the presentation system to make the presentation more life-like. The
system will have two threads when the sequent two commands are action and speech;
these two commands are executed simultaneously. The autonomous head motions are
evoked when there is only utterance and no action. The angle of the head motion is
generated at random.

While the first version of MPML-HR allows everyone to make presentation con-
tents with humanoid robots, it doesn’t support interaction functions with audiences.
Furthermore, although several markup languages for interactive systems have been
developed, their interaction functions in presentation have been weak or insufficient.
Therefore, I introduced an interaction function to the robot’s presentation system.
It enables to describe speech interaction in MPML-HR. This interactive function of
MPML-HR has been realized so as to make use of the merit of MPML-HR, i.e., the
easiness of description. In the interaction, the presentation system can deal with au-
diences’ utterances such as requesting to repeat previous explanations or to skip some
contents. In order to cope with such interruptions, MPML-HR needs to be extended
so that the content designer can specify interruption utterance patterns for speech
recognition and the destination point the presentation should move to for each type
of interruption. To make it possible to specify the point to move to, the presentation
content needs to be divided into short pieces so that the robot can move to the head
of one of such short pieces. To divide the contents, the page tag in MPML-HR scripts



is used. Each part embraced by the page corresponds to one slide on the screen. Since
each slide can be considered to be one topic in the presentation, this tag is suitable for
indicating the point to move to when an audience interrupts.

One issue in handling audience interruptions is that there can be speech recognition
errors. If the robot reacts to an erroneous speech recognition result, the presentation
will move to an unintended point. Therefore two functionalities are incorporated into
MPML-HR. One is to ask the audience back what he/she said or ask the audience back
the recognition result is correct or incorrect when the speech recognition confidence
is low. The other is to go back to the original point in the presentation when the
presentation moved by a speech recognition error and to allow the audience to correct
an utterance.

In the presentation, the humanoid should listen to the user’s speech by using its
own microphones, because it is not realistic to assume that the user always wears a
headset in a daily environment. In such a humanoid, "noise” generated by its ac-
tuators becomes a crucial problem. The humanoid is basically a highly redundant
system, so it includes a lot of motors as well as cooling fans for humanoid-embedded
processors to realize human-like behaviors autonomously. These noises can be easily
captured by the humanoid’s microphones because the noise sources are closer to the
microphones than the target speech source. Thus, the SNR (signal-to-noise ratio) of
input speech becomes quite low (sometimes less than 0 dB). However, it is possible to
estimate these noises by using information on the humanoid’s motions and gestures. |
have proposed a method to improve ASR (Automatic Speech Recognition) for a hu-
manoid with motor noises by utilizing its motion/gesture information. The method
consists of noise suppression and MFT-ASR (missing-feature-theory-based ASR). The
proposed noise suppression technique is based on spectral subtraction, and white noise
is added to blur distortion of suppression. MFT-ASR improves ASR by masking un-
reliable acoustic features in the input sound. The motion/gesture information is used
for obtaining the unreliable acoustic features. Furthermore, I also evaluated with the
acoustic model adaptation technique called MLLR (Maximum Likelihood Linear Re-
gression). Un-supervised MLLR was used for the adaptation. I evaluated the proposed
method through recognition of speech recorded by using Honda ASIMO in a room
with reverberation. The noise data contained 34 kinds of noises: motor noises without
motions, gesture noises, walking noises, and so on. The experimental results show that
the proposed method outperforms the conventional multi-condition training technique.

The aforementioned system has been realized with Honda ASIMO), the most famous
humanoid robot in the world.



U110
1.1
1.2
1.3

g 20
2.1
2.2

2.3

24
2.5

30
3.1
3.2

3.3

ERN

I
OO e
I

gobbooodgn

OOOD0 .o
I
221 0000000 ..o
222 0000D0OODOO0O .00 000000000
UOD0OD0O00 .0 e
231 0O0O0O0ODOODOO .00 00000 oo
232 000000000 .00 oo oo,
I
OODODOO0 ..o s

gobbboogooboboooobobooooboo
OO0 ..o
OOODO .o
321 0O0OODOOO0O0O0bOObOOoOobobboooobooboobooan .
322 0O00OOOOOODOOOOOObDOOODOOO MPML .. oL
323 UO0OO0OO0OOO0O0O0O0O ... 0o o oo
324 0O0O0DOOOODOOOOOOOD ©.o.o 00000000
3.25 UOO0ObOOodbooboboboobbodobooboboobbo
OO0 .« .
gbbbuoooobbbuoooobboooobobooooog ...
3.3.1 MPML-HROODOODOO .. ..o o oo
3.3.2 0000000 ... o
333 Ub0OO0ODOoOooobooooooon oo oo

W N =

© O~ O O AR



34 0O0OO0ODOOOO
3.4.1 0000
342 0O0O0OO
343 0000

3.5 UOobobOodd

3.6 UOODOOO

40 0OO0OO00OOO
41 DOO0O0O ...
4.2 0O00O00O ...

gobboboogoboboboooobobboodan

I P
I I

gooodag

42,1 O0000000 ... e e
4.2.2 RIME (Robot Intelligence based on Multiple Experts) . . . . . .
423 0O0000O0OOOOOODODOOOOO ..o ..

43 0000000

0

43.1 MPML-HROODOOOOOOOOOOOO ... .00 ...
432 0O00O0OO0ODOOODOOOOOODOODOO .00 ...

44 DO0ODOOODO
45 00O00OOO

gs0 DOoooooo
5.1 Oooo ...
5.2 OOOOO ...

0 0

goooogaon

52,1 UOD0OODOOOODODO ... oo oo,

522 0O0OO

523 UODODODOO ..o o
524 UO0OD0ODOOOODO .o o o o
525 UDLOODOUOOOODDOO ..o o oo oo,
526 U0OODOOOODODOO ..o oo
527 UOO0OOODLODODOODLOODLOODLOODO ...

5.3 UOobobodg

I I

53.1 UODODODOOO ..o o
532 UOODODOOO ..o
533 UOLOODLOOOOODLOOOOoOOonD «.o.o oo oo
534 U0O0ODUOOO0ODODOOOO ..o oo

5.3.0 MFTU
5.3.6 MFTUO
54 0O0OOO ...

I
I 0

1

32
32
33
41
44
46

47
47
48
48
49
50
o1
51
29
63
67



11

541 ODODODO ..o 88

042 OODOO ..o 92

5.43 OO oo o o s 100

5. UDDODOOOODDO .o o 103
5.6 UODODOO . ..o e 106
gell 0OU 107
g 110
goon 110
goon 124
0O 0A MPML-HROOOOOOOOODO 127

U 0B MFITOODOOOOOODOODOOoDOoOooDOO 132



2.1

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12

5.1

JISOODOODOD0O0O0 .. e

MPMLOOOO ... o e
0000 (MPML ver. 2.0e) . . . ... ... ... ...
I 0
ASIMODOODODO . .o
MPML-HROOOOODOO ..o oo
MPML-HROOOOOOOOOOOOOOOO ..o,
I I I
00000000 .00
UODODOO0O ..o
OODODOO e
I I
gbooboboogobbbuoooobbbooooobobooooobooon

MPML-HROOOOODOOO ... o000

RIMEDDOOOOOO ... oo
000000000 . oo
00000000000000 .. ..o
0000 (MPML-HR ver. 3.0) . . . o o .o oo
MPML-HR ver. 300000000000000000 .. .. ... ..
00000000000000 . ..ot
MPML-HR ver. 300000000 . . ... ..o,
OO0000 oo
ASIMOOOOD0O0000000 ..o oo,
MPML-HRODOOOOOOOOOOOOOOO .. ... ... ... ..
XISLOOOOOO0O0O000000000 1. ... ... ...
XISLOOOOOOOO0000000002. ... ... ..

0000000 .00 e

v



5.2
2.3
5.4
2.5
2.6
2.7
5.8
2.9
5.10

Al
A2
A3
A4

Hidden Marcov Model . . . . . . . . . . . .. ... ... ... .. ... 71
O000000000 ... .. e e s 82
O00000000 ... .. s s 95
METOOOOOO ... e s 96
SSO0000000D0000000000 ... ... ... ..., 97
O000 MLLRODODO ... .. e 98
O000 MLLRODODO ... ... . 99
OO000000000 ... .. e e s 103
0000000000000 ... .. o . 104
Distribution server DO O OO0 1 . . . . .. .. .. ... ... 128
Distribution server D OO OO0 2 . . . . . . ... ... .. .. 129
Distribution server DO O OO0 3 . . . . . . .. .. .. ... ... 130
Distribution server DO O OO0 4 . . . . . . . .. ... ... ... 131



3.1
3.2
3.3

4.1

5.1

Al

B.1
B.2
B.3
B.4
B.5
B.6
B.7
B.8
B.9

vi

I I 35
00000000 .00 e 37
I 38
MPML-HR O XISLOODO . .. ..o oo 66
UO0000000 ..o 91
I I 127
SSOOODOD0O0O0OO0T ..o 133
SSOD00ODOD0000002 ... e 134
SSOOODOD0O0O0OO03 .. e e 135
SSO0O0DO0OD0000004 ... e 136
I I 137
I I P 138
I 139
I I e P 140
I I 0 U 141



10 Ui

1.1 0oogd

ggobobbbbodoooooobbbobbouoooobbbobboooodn
ggboboboooobobuoooobobbuoooobbboooobbbuooono

gboobuoobbobuoobbobuoobubooboobobuaboobobban
gogobobobboodooooobobobbbooooooboboobobboooooooobooboo
goggbbobobbooooooobbbobbouooooobobbouoooooobboo
gogobobbobooogooobboobobbbodoooooooboobbobobo
ggbbuooobbuoobbuooobbooobbooobbboobbooobn
gogobobbbodogooobobbbodooooobobobooooooooobooon
ggbbbuooobbboooobooboboooobbbuooooboo

gogobboobboougooobboobboogoooooboboobooboooood
goggbboboboboooooobbbbbouooooobbobbouooooooboo
goggbbbbuodggooobboobboooooobobobbuoooooooboon
goggbbbbouooooobobbobbuoooooobbbbouoooooboo
gogobbobbooggoobobobboooogoboobboooooooboo
ggbbobuoooobbboogoon

gogoobbobboooogobbobbuooooobobooboboboooooaon
ggobboboboboooooobobbbbboooooobbobouooooooobboo
goggoboboobbbotodooooobboobboooooooobobooo
ggobbbobouoooobbbbbouoooobbobbouoooooobboboo
goggbobobobbouooogoobbbobouoooubooboboooooooobooobo
ggobbbbbougooobbbbbuoooooobbobobboooooobboo
goobooo



gi1gd 00 2

1.2 OO

gogdooboboboouoddoooouooooooobboboobbooooooon
ggbbodbobbooobbuoobobbuoodobboooobboodobbbaod
gbbogbbogbbougboobobuobooboobboboooboobbo
ggbbbbboooooobbbbbuooooobbbbbuooooooobbo
gogbbobboogooobbobboogooooboobbuoooooooon
gogobbbbuoooogbbbbuoooooobobbbbuoooooobbobobo
ggboobogooboogao
ggobobbboboouooooobbbbbooooooobbbboooooobb
gogobbboboogooobobobbuoooooboobooooooboobobo
gogobbbbboooooobbbbbuoooooobbbobboooooobbo
gogbbobuooobbboooobobobooogboooo
gogbbobbbouooobbbbbbodooooobbbbboooooaan
goobbobboogogoobbobobboooooobbobbouooooboboo
gogobbbbbuooodgbobbbbbooooooobbobbbooooooboo
gogbboboboooooobbbobbooooooboboobboooooooboo
gbboobuoobboobuodobboodobbobobobbooooboobbon
gguoooogobbboobboooooobobbobbouoooooobboobo
gobood
goggobobbouooooobbbbooooooboboobbuoooooboo
ggobbbobbooooooobbbbboooooobobbbooooobobon
gogobbobbouoooooobbobbodooooobobooboooooooboon
gboobbooboobboobboobuoobbobbooboobboobod
goooooooboobbbbbbuodooogobobooooouooooooon
gboboboboobuoobobooboboobobooboboobuobbobon
goobobobbouoooooobbbobbuoooooobboboooooooboo
gbooboboobbboobuoobboobbooboobbooboobbod
gogoobobooodon
goboooooobooooboboobobgoboboboboboboboboo
ggboboobboooogobbbbobuooooobbobboooooooboboo
gboboobbooboooobooobooobooobooooboobooo
gogboboobbuoooooobbboobobooooobbobboooooooobooboon
gboobobooboobboobgooboobbobboobooboboobod
goobboboboogooobobbouoooooboboboboooooooboo
gogboboboooobobboooobbboooobobbooooa



gi1gd 00 3

1.3 O00O0ogd

oo0bde0Db0O0OO0DOO0D 1000000 DDOODbOUOOODbOOoOobODbOOoOoobOonDn
go0oooboobooobobooboobuoooDboobooboobooobOoo
0000000o0b0o0obO0oobDbO0o0obOo0oooOoo0boobOoooDoOooDbOon
gob20000b0doobooobuoobobooobooobDbobobooooo
gboodboboobbooboboodoboobboobboobbooboboog 3
goboobobobooboouooooboboobooboobooooDooDooooooo
00000000000 oo0obOoooDboooooobOoooDbooooDbOon
doojobooobooboooboobooobobooboooDbooboooboobOoo
00000b0o0ob0oooboo0obooboboOoobooboooocCcooooobDon
gooboooboobobooboooboboooboboooboobooboobobnoo
000do0bOooOb0o0obOoobOoooDboobOooobOoobOooooooDbOon
gdoooobooboobooobuoobuooboobboooboobbooobOon
000000b0obOoobOobooob0oobOooOoobooooobooDoobOoooon
goooobooboobuooobobuoobuoobobooDboobUooboboobOoo
00000b0oobobOo0bOoooboooooobOooooDboobooooon
gooobooooboobooboobobooboobboooboobUoobobooo
0odbobOooOoobOooooooooDooOobobOobOoboOooo400b0D0O
gogobobobbobooooobo oo oooooobbboooooooboobo
000d0o0o0ob0o0obooobobOo0oboobOoooooobOooooooobon
gooboooboobooboobobooobooooboooobobobOoboooDbo
000o0obOo0ob0oobOoobooooboobooooboobDooobooobOon
gooooboobooboobobuoobooboboboboobooobooboo
000o0oboobOoobooooooobooboooooooboobooooon
goooobo0oboobbooobuoobuoobDbooboobooboboobOoo
gooobobobobbbotbdoooooobobobobbboduoo sboooooobooboo
gooboobooboobboboboobuoobbooobooboobDbooboo
000o0obo0obooboooobooboooooobooboooboooobood
goooobooboobbooboboobuooboobobooboobbooobon
00ooobooboboooooobbooooboobOoooDboobooobon
gobbooboboobbooobooobuooboboobboooboDbooobOoo
O000D00O00OOMissing Feature Theory U0 00000000 O0OOOOOOOODOO
gogggoobobbobbobbotoddddoooooobobbbobeoooon
oo0ooboobooboboboobooobooooooo



20 UOO0oudood

2.1 OO0

gbogbboboogbuooboobobobboboboobboobbobbod
goggbboobobodoooooobboobobboooooobboobbooooooboon
gbbodoobuoobooboboooboobooboobbooboboooo
ggoboboogobbobooooboboboood

JISOOOO0O0O0O0O0000002100000000000 BjoooooooOoOd
gogobodbogboouogboboobuoobboobbobboobbbboo
godgogobbbbobbbbobotbodoooooooobbbbbbooooaboo
goobobbbodogooobobboodooooboboobbooooooooobooon
godggoobbbbbbbbobtbddooooooobobbboboouoooood
goggbobbbboooogooobobobbboogoooobobooooooobooo
gogbbbbuoooooobbbbbouooogoobobbouoooooboboo
goggbbbougoogobbobbboooooooboobobooooooobooon
goggbobbbbuooogobbbbbouooooobbobbbuoooooobbo
gogbboogoboboboooobobooobbooobbbuoogbboogoo
gobbuooboboodobooobbuooobbuooobbboou22000000
gobbuoggbbodgbbboobbuodobbooooo230bboobbooan
gbbogdgboodgbobbuooobboob2300bbooabbuoobooan
gogbbobuogoboboboooobon



20 000000000

—4HoZ2OR vk

TLA/\yoaRyk
FEHIEOAR VS
REHEOR Y
3 hG i AR Yk
FEHEOR Y

&EE
ARvk

021 JISsObooooogoogn

gboboooobooobogboboboboooboboobobobobooobo
gobooobooooboobooobooboon
gbobooooboobooooobobobobobooobobooboooooo
goboooboooobooboobboobooboobboong
gbooboooogooboboboooooooobooobboobooboobobooooono
gobodoboooobooboooboboobuooboboobobooboooboo
gogboogooboobbooboooboobboobobooboboobboobobo
gobodobooooboobooobboobuoobboobooboobbod
gobooboooobooboobboobooboobboonbo
gboboobobobogbuoobuoobooboboobooboobooboo
goboobooboooboobooobooboooboobobooboooo
gobobooogoboboboooobooboboooboboboobooobooDno
goboooboooobooobboooboon



20 000000000 6

22 0OJ00O0OO0oOoooOodoogo

gogoobbobbbodgoogboobbboooooobooboodooooon
gbboobobodbogbboooobbooobuooboobbooobbooon
goobbobbouogogobobobbboooooooobbobooooooobooo
ggbbobuogodgbbbod

gogbobobobbuogooobobboooooooobbobobboooooooon
ggobbbbbouoooooobbbbouoooobobbbbboooooobbo
gogbobbbuodoogoobbobobbooogobboobboooooooboboo
gogobbbboduoooobobbbbouoooooobbobbouoooooobbo
0000000000000 00000000000000000 (00000000
000)0000000000000ODOOO0OO0OOO

221 0000000

O000D0O0O0b0o0o0o0ob0oooooboobDYoooobooooDbo AIBO O
000 [4,5,60000000000000000000000O0OOOOOOOO0O
Oobo0o0o0oopoAIBOODODUODOOOOOOODODODOOODOOOODOODOOO20060
goooobobo0oooobooo0oouoboboobobOoOooopAIBOOOOODODO
gboooobobooboobooobooboswobor,*ob, “boboboorobo
ggbboodobbbooobbuooobbooobbooobbbuooobboan
goggobobboobbbioddoodoooooobobobobboodooooobobooo
OooooooooogooAlIBOODOOOoOOODODOOOOOOOOOODOOO
gboobOobOoboobooboooboAIBOODOOOODOODODODODOUOODOD
ggbbobooogbbboooobbbooodgbon

O00000000000000000 NeCoRoOOOOOOOOOO [9, 10, 11]0
AlBOOOOOOOODOOOOOODOoOOOOoOoDOoOobOOobDoOOooOOoDbOoDo
gobbooobbooobbooobobbooobbuooobboooboboogn
NeCoRoOUODOOOOODOODOODOOODODDODODODODOODODOODDOODODO
goobboobboodgoboooooooboobboooooooooboobooo
OOO0O00O0ONeCoRoO AIBOOODODOODOODODOODODODDOOODOOOD
gogbobobooogbboboooooobooooboboooon

0000000000000000000000000000000 PARO[7, 8]0
O0O0OPAROOODOODOODOODODODODLDOLOOUOOUODODOODODOODODOD
ggobbbboboooooobobbbbuooooobobbbboboooooobbon
gogobbobbouodgoooobobobboubbooooooooboboon



20 000000000 7

000000000 0OPAROODDODODODODOOOODODODODODOODOODOD
gogbobobuooogbbobuoooobbboogd

gbobogboboobboooboobboobbobobooboobuoobobon
gogbobobbboooooobbbbbuoooooobbobbboooooobbo
ggoobooon

222 0J00O0OO0OOOOOOO

gogbbboobobobbboooooooooobobbobooobobbboooooago
gbgboobobobooboboobobobuobb9boobgboobo
000 WABOT-1 (WASEDA Robot No.1)[12]0 00 OWABOT-1 000000000
gbobobobobobobobboboboboboboobuobobobobog
ggbbbooggbbbuoobobbuoooobbboooboboboogeugn
goooooboobop20b000OoOP2000 1820mmO00 210kg 0000
gbbobooboobobuoobbooboogbbboobbuooboobobooon
gboobboobodoboobbooboobboboboobooboboobod
OOoOoooogoop200000000D000O0DOO ASIMOOODOOOODOOOOO
200400000 ASIMO0ODOODOOOOOODOODOOOODOOODOODOOO
ggbbobuoooobboooobobuooobobboooobobbuoooobon

0000 SDR-4X[14, 15| 0000000000000000OO00O0OSDRA4X0O0O0O
goobbbobbouoooooobbobobbbouooooobobobbuoooooboo
000000000000 bO0O000b0DO0b00O00DO00DO00DO0OO0OSDbRA4XO
gogobbobobougooobbobbuoooogoboboooooooboon
gogobobooboboooooooobobbodooooboboobobboooooooobooobo
gbbobobodbogbbboobuouboobuoobooooboobobobon
gogbobbobobboooogooobobbobobodooouoobobooobbobbobon
ggbbobooogbboboooon

O000000O00000b0o0ooO0obooO0boooOOobObOOoDOoOobD ATROODO
O000000000D0000 RobovieDOOORobovieDOODDOOOOOOOODOO
gogbbooobobuooobobbuooobboobooobobuooobbbooooon
RobovieUO DO UODOOOOOOOODOOOOOOOODOOODOODOODOODO
goggoboobobbbododgooobobobbooooooobobbbooooboo
000000000000000000000000000O000 18ooooooo
goggboooboboboooogoooboobobbtbooooobbobbuoooooonboo
gogobbboboobboobbbbuoogooooboobbuooooobboon
O0000000oooo 190



20 000000000 8

gbobboogobbdooobbooobobooboobuooobbooobbobood
gogbobbbuoooogobobbtbouoooobbobbouoooooobobo
ggobobbooogbobooooobobooogoon



20 000000000 9

23 O0O0OO0OO0O0O

gogobobbboogogobbobobbtbooooooboboobooooooon
gogobbbbodooooobobbbobbouoooooobobboooooobbo
gogbooboood

23.1 0OU0O0OOoooodg
goog

ggbobbbbodoooooobbbbbooooooobbbbbooooadd
gogobbobbuooooobbobobuoooooobobboobobouoooooobo
gbbodobobobbdbbbdbbooboobboobbodobbooooooo
O00000000D000C0DODOODODOORobovie, ASIMOODODO SDR-4XOOOO
gbooboooboobooboobo

gogbobobobbouooooobbobbodooooobbobbooooooonon
gboobobooboobboobdoobuooboobboobuoobboobod
ggboobuoogoboodao

g

gogobobbobboooooobbobobtooooooobboobbboooooon
goboobbobooboobobboobboobbooboobooboooboobobn
goobbobobuoooooobbbobbuoooooobbobbooooooboboo
O WABOT-1OOOODOOOOOODOOOODOOOoOOOoOoobOOoOoDoOooDo
gogboboobboooboboodooooobbbbobouooooooooobobooo
gogboboboogoooboooon

g

gogoboobobbooooooobbobbtodooooboboobbbooooooooboo
goobbbobouoooobbobobbuoooooobboobbouooooooboboo
0000197000000000 ‘00000700 [2000000000000000O0O
000000000000000000000000 100%000000000000
gogboboboooobbboooooboooobbbooooboo

gogobobbbouooobobbbobbooooooobbobbbooooogn
gogobbbobbodooooooboobbooooooboobbooooooboobooboobo



20 000000000 10

gbogbbobooboobooboobbobbobboobbobbooboon
gobbuoobboogbbooobbbooobbooobbuooobbooobo

O0000O0000Db000O00O0O0bO00ODOOoDOobDOSchulteODOOOOD
00000000000000000000000 [21]o0MITOO00O00O0O Kismet O
00000000000000000000000O0O000oOooOOooooO (22,230
oubbooobboobbuoobbboobbuooboobbboobboobba
gogobobobobboooogoobboobobbodoooobboobobbooooooobooo
ggbbbooobouoobobobouoon

go0oobdbobobooboobuobboobodbRoebovie MITOODOOODO
Cogl24| 00000000 ONeCoRoODDODDOODODODODODAIBOODDDDOOODOOO
gobobogoooon

232 0O00O0OO0OOOOO
uad

“0000000007’000000000000000000000000000
0000000000000 0000000000000000000000000
0000000

000000000000000000000(0000000000)00000
00000000000000SDR4X000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000

Robovie 0000000000000 0000000000O0O0000000O0
0000000000000000000000000000000000000C0
00000000000000000000000000000000000000
[250000000000000000000000000000000000000
0 [26]0

0000000000000000000000000000000000000
000000000000 [27)0

g

gogobobobobboodooooobobobobbooooogobbobouoodgn
gogobbbbbbouoooooobbbbboooooobbbbbooooobobo
O000000000000000O0O000000oooooooooosSsIGoOooO 280



20 000000000 11

SiGODO0000D00D00D00DO0bODO0DOO0DO0DO00ooDooDooOooboOooooDOon
gobobobuoooobbbuoooobbboooobobbooooo
0ooooboooooooobobobobbooooooooobobboooooon
Jo0oooboobobooobooSiIGhoobobooobooobooboooobon
000D000AIBOODOODODODODODODODODODODOOODOOODOODODOOOO
[ stop-perceive-act U0 O DO OO0O000OO
ooooopobobobbobobodooooboooooobobobbbobbo0ooooooo
000000000000000000 [29]0

g

O000000000b00o00oDoOo0OgOAIBOO NeCoRoOPAROOOOODODO
gogbobobboooooobboobbbooooooobooobbooooooboboo
O0D000bD0o0bob0O0OORobovieDODOOOOOOOOOODOOODOOODLDOODO
goooodg



20 000000000 12

24 0O00O00OO0OOOO

gbbogoubboobobogboobbobbbobboobogoboboobbobo
ggbbobuooobboooobbboood

gogobobobbougooobbobbbodoooooboboobobooooooon
gbbodobbodoobuobbobuoobbooboobboobobboboboo
gogbobbobbouggoobbbbuooogobboobboooooooooobo
ggobbbobobooooooobbbbboooooobbbboooooooboboo
gogooon

goon

gboobooobooob EMIEWDODOODOOODOOODOOODODDOOoOO0DbOoooDg
gbogoboobogbuogbogbuogbuooboobuogbuogbuoobogn
ggbbbboooooobbbobbbouooooobbobbboooooobobo
goggbobbobbooogoobbobobbooooooooboobbbooooobobo
o000 HRP20 00000000000 O0O0ODOODOODOODDO0OODODO
g"gobooboobobbobboobooobouoobooboobooboobon

goobooo

gogobobbbboouoooobbobboooooobbobobboooooon
0000000 Jije-20000000000000000C BojpOoO0O0OoOoOoooOO
gbobobobobobobobOMinervadOgogoobobobobooonDoog
(310000000000 000000000O00000000OOO0O00OoOoOOO
gobooboooMCOObDOOoOobDoooooOoiboboooobobobooooo
00000000000 bO00000O0bD0bOOo0obOU0ODOUObbOODOO ASKAODOO
O000000000000000000000 [32J0ASKAOD0OODOOOOOOOO
ggbbobuoooobboooooobuoooobboooogd

ggboobuoggoboogo

goboobbtooooouobobobuooouobbbbooooobobbboooa
gboobooobooboobbuooboobboobooboobboobod
000 OORSi (Robot Services Initiative) 000 00000 [34]00 00 000 AIBO,
Ifbot, wakamaru 0 O OO0 000000000 ODOOOOODOOOOODOOOOOODO
guobobooooodouobobuoooouobbboooooobbbuooooa



20 000000000 13

(3000000000000 0000O00000O00oooOUbOOo0bODOOoooOoo
ggbboboooobobodao

gogboooboggd

ggbobobbbouoooobbbbbouoooobbobboooooobbon
0000000000000 00000o0O0o00obOD0Ob0DOHlHOAP-1ODOODODODO
O000000000000000 [36]0

gbbgoboboobbooboobbobobooboooboobobbobon
gbboobuoobbobbuogobbooboobbobobuoobbbougboo
gobooboboobobooboobbooobboowEBODODOoooooobooo
gggbobbbboduoooobobbboooooobbobbooooooobo
goggobbooboodgboboodooooooboobboooooooboboooon
ggbbooobbuoobboooobuooobobbooobbuoobobbuoogn
goggobobbobbbboodoodooooooobboobbbbdoooooon
ggbbobugobbboooobbobuoooobo



20 000000000 14

25 0OO00OOo0

gogoobbobbdooooobbobobodooooogoboboobbbooooon
goggbobbbboduooodgbbobboooooobbobbbooooooobobo
goobbobboggooobobbobbuooooobbobbooooooboon
gogobobbbbuooogobbbbbuoooooobobobobbooooooboo
godgoboboobbbotodooooobobobouoooobobobooobobobbo
gogobobbbboduooobbbbbbouooooobbbouoooooobboo
gogobboboboboodooooooboobuooooooobboobobo
gbbodbboouoobboobbodoobboobbobodooobobooobo
gogbbobbodoogooobbobobboooogobboobooooooboboo
ggobbbbooooobbbbbbodoooobobbobobboooooooboo
goobboboogooobbbbbodoooobboboooooooboobo
gogobbbbuooooobbbobbbodoooooobbbboooooobbobbo
gogoooboood



15

30 Ubooubdoobudood
Juoogduoboogd

3.1 UOoO0

g200dddooooobbobobbbiooooobobobbbboouoooonon
gogbbbbbouoooooobobbobobuouoooooobobooboooooboboo
gogobbobbbotbdooooooooooboobbooooooboboobooon
gogobbbbuooooobobbbbodoooobobobobbuoooooobboo
goggoobbobboooooooboboobbbooooooboobooooooobooboo
ggbbdooobbboogbbuooobbbuooobbbuooobbboooboo
20000bbugobbugoobbuogoboooboboobbuooobboo
gogobbbobbouoogobbbbbouoooobbobbooooooboboboo
gbogboboboboobbobbobbooboobuodobooboobuobon
gboboobodoMPMLOOODOODODOODODODOODOOODODOOOOODO
gobbogoboggbbogobobos3gbbubbogobbooboboogn
ggbbbbbuoooooobbobbooooooobbobbbooooooobo
ggbbooooboobbooobbbodobobobuooobbboobobobooooo
ggobbbobouoooobbbbbuoooooobobouoooooboboboo
gobbuogoboobdogous4gdbbogbbuoobbuooobbuoobboodon
ggbboodgbbboodbbbouooobboooobbuooobbbobuoodan
goggbobobbougogooobobboooooooobbooooooooboon
gbbodbooboodgbobogboooobbobuoobobbooboobo
gogbobbobbuooogoobbobbboooooooobooboooooboboon
gbooboboobbooboboboboobboobboobboobobssboon
gogbbbuogogbbboooobbobuoooobobbooooboo



g3l bODbhooodbbboooobbboooobbbod 16

3.2 OO0

O000O000O00O000oo00o00O000000o0oobO00o0o0bcO0b0O0000o0
O00ooO00ooO0O0ooooOo0o0ooOoOO0boOoOO0O0OoOO0O0OboOOO0bOO0O0n
00000000000000000000MPML (Multimodal Presentation Markup
Language) 00 0000000000000 O0OOOO0OOOOOOOOOOGOOOO
O00000000000000000000O0O0O0O0OoOoOoOOOOODOOOO0OO
oooooboooooooooooOOOO0OOOOOOOOOOOOOOO0O0O00O0
O00000000O0O0O00000000O0OOO0O0O000O0O0O0BO0OO0O0

oo000000000000000000O0O0O00O0OOoOOOOOOOOOO0
ooooooooOoOoOOOOOOCOOOOOOOOOOOOOOOOOODOOOOOO
ooooo

3.21 UO0O0O0O0O0OO0OO0OODOOO0OOO0OOOOO0O0OO0O0ObObDOn

gbobobooobooboboobowEBOO TVvOODOODOODOoOoooooooo
gogobbobobbouoogobbbbbuoooooobbobbuoooooboboboo
gogobboobboogoooobobboooooobobboooooooobooon
ggbbobuooobobbooogn

ggobbobbouogoogobbobbuoooooobobobbouooooon
goooooooboooooDoOooobobOoOoDboO0oOnD APMLEO VEML, ODODOO
o0bO0oooooboobooboooboooo AML, CML, STEP, TVMLOODOO
ggbboboooobbboogogy

APML

APML (Affective Presentation Markup Language)[37, 38 D00 00000000
gobobbooogoobobobuooouobobbbooooobbboooooo
00000000000 (00000000)0000O0000D00O00oOoOoDOoOO0
0000000000000 0D00APMLO MagiCster DO DOOOODOOOO
gobooobbooooobooboooooobbbboooouobbbbouooao
gobobboooouoboobbuooouobbbooooobobobobouoooo
goooooboobbbboooodgd



g3l bODbhooodbbboooobbboooobbbod 17

VHML

VHML (Virtual Human Markup Language)[41, 42|00 000000000000
ooboooooootdoodogooooooooooooonooodoogogo
gooooooboobooooodoooooooooooooooooooon
gooooooooooo

VHMLOOOOOOOOOODoODOoOoooooooooooooooooooooo
0000000000000 00000000 EML (Emotion Markup Language), O O
0000000000000 00000 SML (Speech Markup Language), 0 0000
0000000000000000D00 FAML (Facial Animation Markup Language),
0ofddooooodboooooooooooooooooo HTMLOOOOOOOO
0000000000 BAML (Body Animation Markup Language), 0000000
O000Dooooo0o0o0 DMML (Dialogue Manager Markup Language) 00 00 OO
gooooboooooooooo

AML, CML

AML (Avatar Markup Language)[39], CML (Character Markup Language)[40] O O
gooooooodoooooooouooooouoooooooooooooo
O0000000OAMLOOODODOOOODODODODOOODOOOOODODODOOOOO
00 00AFML (Avatar Face Markup Language) 0 0 ABML (Avatar Body Markup
Language) 00O O0OOOD0OOAFMLOOOOOOOOOOOOOOOOOOOABML
goooooodoodoooooooooooooonoooooooooood
gooobboooooobbobooooobbboooobbbuooooo
goooooodooiobooouoodonoooooooooooooooood
goooooobobbbbooooo

CMLOOAMLODOOODOOODDODOODOOODOOODOOOODOOOODOOOO
00000o0Oo0obOOo0obOOoAMLOODOODOOODOOOOOODOOOOCMLOO
0000oooooopodooodooooAMLODODODOOOOOODOODOOOO
godooboooooooooooooooooboooooad

STEP

STEP (Scripting Technology for Embodied Persona)[43,44] D 0000000000
oo ououoouooa
00000000000 XMLOOODODODOOOOOODOOOSTEPOO Prologd 00O
000000000000 (HumanRoot, skullbase, shoulder, elbow, wrist, hip, knee,



g3l bODbhooodbbboooobbboooobbbod 18

ankle) 0 O O (front, back, up, down, left, right 0 )00 0000000000000
0oooooooooooooouooonooooooooonoooonoooogd
gooooooooooood

TVML

TVML (TVprogram Making Language)[45, 46)0 TVO O OOOOODOOOOOO
gooobooooXMLOOOOODOOoOooboooobobooobobooobobobo
gobogobooooboboobbdaTVMLO TVOUODLDOOoobboobobuoooo
gobobooouoboobbboooouobobboooooobbboooooo
guobobbbbotbooobbbuoooobobboooooobbbooooon
goboooooooooTvMLOODOOOoOobOooobboobbobooboobooo
gboobooboboooboooboobobooobooobooTVMLODOOODO
gubbbooouoobooodoobobbuoooobobbuooobboboooo
gbobob0ob0obOob0oboboobUobooboDUbDUOONEHKOOOTVMLOODOO
goooooobobobobbooooog

ERERE

gbbogoobdooboobbooubooboooboobobouoobboooon
000000000000 PAR (Parameterized Action Representation) [47, 48]0 XML
0000000000000 0000000000000000000 RRL (Rich Rep-
resentation Language)[49, 500 XMLO OO OOOO (Verbal) D OO OO (Non verbal)
00000000000000000000 MURML (Multimodal Utterance Repre-
sentation Markup Language) [51]0000000000000000O00OOOOO0O
O000000000000000000 HumanML[52] O0O0O00O0OO0O0OO0O

3.22 [J0O0OOOO0OOODOOODOOObDObDOOO MPML

MPMLOOOOODOOOOOODOOOOODOOODOODbDOOOOobOobDooDbOo
gbobogbogobooboMPMLODODOODOODOODOOD

gogooodg

MPML O O XML(Extensible Markup Language) 00 0 0000000000000
gooobbodoooobbbooooobbbouooooobbbboooo
O0odoobooooooooooooooooooooooooo



g3l bODbhooodbbboooobbboooobbbod 19

ggooobod

MPMLOOOODODOOOODDODOOOODODOOODOOOOODbOOOoobbooooo
gobooobbooobobbooobbooobuooobooMPMLODDOOOO
gooboboooooob 3a0 MPMLOOODODDODOOOOO

MPMLOOOOOOOOOO MPMLver. 1.0[55|000000000000000O0O
0000000000000 0000000000000000OMPML ver. 2.0e[56]
gogobobbbooggoobbboobgbbbooooobbboooooon
0000000000000 OMPML-VR (MPML for Virtual Reality)[57] O O VRML
goggobobobob3sgoobbbobboooouoobbobbbooooooobooboobo
O0000000O0MPML-mobile[58]0 0000000000000 OOOOOOO
OboobOoboboooooooMPML-mobileDOODOOOO0OOOOODOOOODOO
gooooon

MPML o MPML | SmArtAgent
» Emotion Mechanism
/ Ver. 2.0e Ver. 3.0 | visual Editor
MPML Emotion based \
Ver 1 0 On OCC model
N MPML- Flash Character
Flash Server-Client Model

MPML

Ver. 2.0a

MPML- 3D Agentin
Multiple Agents VRML
XSL implementation VR

MPM I—' For Mobile
mobile | Phones

0 3.1: MPMLODO OO

gboogood

MPMLOOOOOOOOOOOOOOOOOOODOOODOODbODOODODOO
ggobbbbouoogobobbbbuoooobbooboooooooobobobooobo
gogobbobuoogoobbobbbodooooboobooooooooboo
goggbobbbobobouoduobuodooooobboboobobbooooooobboon
gogbooogd



g3l bODbhooodbbboooobbboooobbbod 20

goon

MPMLOO OCCOODO [eo]jlj]0ODOOOOOOOOOOOOOOOOOOocCC
gogobbbbuoooogobbbbbouoooobbobbooooooobobbo
gob0obooogobobobooboooccubouoooobooboobooboooDo
gogobbbbuoooodgobbbbbodooooobbobboooooobbobo
g2000000000bobooMPMLODOD 2200000000000000
gggobbbbbbboooodoobobbbbuodooooouooooooobobo
goobbobobboooogoobbbbboooooobobobboooooooobon
ggbbboooobbodo

MPMLOODOOODO

0320 MPMLOOO (0DO0)000O0OD0O0O0OOOver. 20e0000000000O
gobooMPMLODOOOOODOOOODOOOOLODODOOODOOOODODOOOOOO
gbooboobobbobdver. 20e0000000O

ot

header body

[ I I I I ]
meta | | title | | agent | | spot | | region | | root-layout | | page |

interaction
L [ ]
symhomzat'on | par | | seq | | listen |
E:ene
emotion
link | | media | | jump | | label | move | | speak | | play
Contents control Agent control

0 3.2 0000 (MPML ver. 2.0¢)



g3l bODbhooodbbboooobbboooobbbod 21

MPMLO mpml 000000000000 D0O0ODO headJ0DDOO0OODOOODOO
UOpbodyUOUODODODOOOOOODDOOODDOODDUOODDOOODDOODDOO
00000000000 boooooboboooobDbboooooo

U0obob0ODbO0O00oooobobbbO0OO0nd meta, title OO OOOooooon
odobbbobbO0dddd region, root-layout, spot U OO U UOOOOO
U00bb0ODb0000dUb egent0dogodobobbbooooobo
odooboooooobooboooooooobobobbooooooooDooo
ggobboooobooooo

UO0O0O0Opage ODODODOUOOOOODOOOOODODOOOODDOOOOOLDODOO
ooobpCOOHPOUODODODOODODODOODODDODODODODODOODODODOODO
gbo10b00ob0 MPMLOODODO pageUODOOOOOMPMLOUOOpaged OO0
ggobboooboooobbbuooon

UoodobbbbbibddUddddd emotion, speak, play, move U U U OO0
UO0speak 00 0O0O0O0O0O0OOOODODOOOO0O0O0O0O0O0O0O0O0OOUODODDDOO
gooobobobbooooooobobobboooooobobobbooooooooooo
gobodbobOOmevel OO0 OODbOODOUOODOOODDODOODODDUOODDOOO
000000000 (xy)DOODODOO0OOOOemotionO0 0000000000 0ODOO
ddbb0D0Oemotion U OO0 speak 00 O0OOOOOOODOOOOOOODODO
goooboboboboooooooobobbobooooooobobobboooooooo
ggobooobobboobbooobobooobbooobbbooobboooo
move J emotion D OOODOOOOOO0O0O0O0O0O0O0OOOOOO0OOODODOO
gobobboooobbbobbuooobobbboodubbtbdUtplayoood
go0oboboo0oooboooobooboboobbboboboboobboobooog
gogoboobobobtoooogobbobbbodoodobbbbbbooooooubnb o
goobobooooobobbooooobobooon

UbbgbobboobuoobboubtutbparOUbpard oo
goboboooobboooobobuoobbbbooubbbooubibn seq
boboobbbobbUdpargoboobboboboobbobboobboo
ogdn

MPMLOODOOODOOODOODOODOODDOODLUOODDOOOListen 00O
gobobbboooooboboboboobbooooubibbUld heard O
gogobobbooobbtbtdtjwwpddobbbooobboboobbbbooo @
godubobdoooouuoboooibbilabel DOODODODODOOOOO



g3l bODbhooodbbboooobbboooobbbod 22

3.23 U0OOOOOOOO

gogbobobbbouoooobbbbbooooooobbobbbbooooooooDb
gogobobobbodoooobbobbodooooobooobboooooooobooboo
0000000000000 000ORTOOOOOO [67,68) D000 O00OOOOO
O CORBAOOODOOODO CPUDDOODODOODODOODDOOODDOODODO
ORiIN[66|0 D0 000000000000 (D00O)00o00o0oooooooood
O00000000000ORCAG3|00DOD0ODOO0DODOOO0OOOOOOOOOODOO
0000000000000 00000000000OpenHRP[64]0 CORBADO OO
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000000000000 0O00OOPEN-ROOODOODOODOO AIBODODODOO
O0O0000 QLIO-SDRODOOOODOODO?2006 00O O Microsoft 0 O Microsoft
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3.3 U0Uooobobooboodoodboooogogn
Jood

gogobobobobboooooobobbbbuooooobboboobboooooonbn
gbobogbogobuoobbboobobooboobbooooooobboobo
gbbogbogbouobbodobooooboobobbuobooboooboobg
gooooMPMLOOODODOODOOODOODODOOODOOOOOObOODOoOoooDoOooOoO
gogobobbobbouooooobboobboooooooboobuooooobboo
ooooogoASIMOODODODODOODODOODOOODODOODODODODODODODODOOODO
goobbbbouoooooobbobbodooooobboobooooooobon
ggobobooogooo

3.3.1 MPML-HROOOOOO

OooooOMPML-HROOODOOOOODDOOODOODODODOOOOO pointU O
goood

DPoint

<point x=¢ " y=¢">0000000000000000 (x,y)0000O
gooobobooobdoobooobbooobo MPMLOODDODODODOODDOOO
goooboooouoboobbbdogobbbmevel 00000 booooo
gobobbbbooouoobbuooooubobbbooooobobbooao
odooobbooooouooobbbUdpeint0 0000 0O0O0O0OOOODODOO
00000 (»y)0000D0D0DOO0OO0OO0OO0OO0O0O0O0O00O00OO0O0O0O0O00O0O0O0O00
goboobbooogoobbobooouoobbbooooobbbuoooooo
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gooobboooooobbobooooobbbuoooooobboooooo
bbb ooooobbooooubbboooobbbbooooon
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2. 000000b0o00200000
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0330 <point >0000000000O0O0O
gubbbuoobobbtbdmeved OO0y



g3l bODbhooodbbboooobbboooobbbod 26

g 33 0b0ooagooon

@Move

<move x=¢“" y=“ " z=¢'">0000000000000000000O
00 (zy)00OD0O0O0O0D0O0O0OO0O0OO0OOOD :00000000000000O00
goMPMLODOOODOOOOOOODODODOODOOOODODOObLObDOODO
gboooboobooboobbobboobuoobbooboobooboboo
000000000000 b0ob0bobooobooboboboobuoobOo MPML
gboobgobobbdzboobooobOz00O00OO0O0DoOO0ObLOODOO
gobbobuoooobbbduodin play, speak, emotion O DO OO OO

B Play
<play act=¢ ">00000000act00000000O0OCODOOOOOO0O

goooboooooboobbooodooobbobooooobboooooo
gooooooooooooooonoooooooooooooooooooon
00000000000 DbO0bO0oD0O0o0bOobDOo0oDbOoDOo 340 ASIMODOODO
aod

®Speak

speak U OUOOOODOOOOOOODOOOOOOOOOOOO0OLODObOOOOOn
0000000000 enotion0 0000000000 OOOOOOON

G®Emotion

speak [ movell emotion UL UIOUOOOUOOOOemotion IO OOOOOOMN
gboobboobooboobboobooboobboobooboobbob
goboooboobobooboobooboMPML-HROOODODOODOODOODO
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(1) Wave (2) Cry

(3) Search (4) Don't recognize

0 34: ASIMOOOOO

00000bO0o0Db00bO0o0oDbO0o0obO0o0oOoOooDbObOoobOooboDoOooDoDOon
O000Do00ooooobOoooon ocCOnonOnodad happy-for, worried, anger
O000200000000000<emotion types=“ ">00000000
oooooooood

0000000000000 000DO000DbO00D0D0O00 nead 0DOODODODO
bodyOOOOOODODO titleDODODOOOODODOODOO agent0 00000 O0OOOO
O000D000000 pageUOODODOOOODODODODO MPML ver. 20e 0000
ooad

3.3.2 U0OOOOOd4d

g3stuboubouobobooboboobbooboobooboobooobooboon
0000000000 ASIMO(Advanced Step in Inovative MObility) O O O O OASIMO
O HondaOOOOOOOOOOOOOOODODOOODODOOOOO [13]0

ASIMOO OO 1200mm| 000 52kg 0000000000000 2600000
vbobooboboobooetuobooobobooboboobsuobooboobooboi1b0boonn
0000000000 0000000000bs00[g)b00000oooooooooo
ubobdob 200000000000 0boboobobobooboobooooooboan
O01l6km/h00000000000O0O00OOOOOOOOOOOOOOOOOOO
ood
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Source
program

7
MPML Browser
parser For MPML
[

Distribution server

Screen

Projector ==

— —
= — t—— | Control command

O O
MPML host ASIMO voice server ASIMO control server

Synthesized speech data

0 3.5: MPML-HROOODOOOO

ASIMOOOOO ASIMO control server D 00000 O0DOOO0O0O0ODO0OOOOOO0O
OO0 ASIMO voice server 0 0000 OO ASIMO voiceserver D OO0 O000O0O0O0O
0000000 ASIMODDODOOO000DO ASIMO voiceserver DO O0O0000DOO
000000000000 D00000 ASIMO voiceserver 1000 100 PCOODO
O000000OO0OMPML hostDODOOOO0O0OD0OODOOOOO

MPML-HR OO 0O O MPML host 0 0 0O OO MPML host O ASIMO Control server
000 ASIMO voice server 0 TCP/IPO 0000000 OOOOOOOODOOODOO
00000000 OMPMLOOODOOODOOO MPMLparser0OODOODOOO
O000000D0D0000Distributionserver 00 0000000000000 O0OOO0O
00000 Browser, voice server, ASIMO control server 0 0000000000000
000000000 0000000000000000000004d Distribution server
OMPMLparser OO0 O0DOOO0OO0ODODODODODODODODDOOODOOOOODODOOOOO
0000000000000 0000000D000000000 Distribution server [
ACKOODOOODDOdDistribution server 0 ACKOODOODOOODODOODOODODO
0o0Dooooooog
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MPML source Operation data

= N/ N

<title>MPML-HR SAMPLE SCRIPT</title> BROWSER OPEN,C:sample.ppi#L...1
<agent id="PD" character="asimo" />
</head>
<body>
<page ref="C:sample.ppt#1">......1
<move x="1"y="0"/>......2
<play act="Wave" />......3

MOVETO 1.0,0.0,0.0,0 .....2
PLAY,Wave ...... 3

EMOTION,happy_for ...... 4

<emotion type="happy-for">......4 q SPEAK,Hello, everyone. My name is ASIMO ......5
<speak>

Hello, everyone. My name is ASI MO. } 5
</speak> EMOTION,happy_for ...... 4
<speak> i

I'm very glad to see you. SPEAK,I'm very glad to see you.

</speak>
</emotion> EMOTION,neutral
<point x="50" y="100" />......6 POINTTO 50.0,100.0,20.0 ......6
<speak>

lintroduce the function of MPML. . .
</speak> SPEAK| introduce the function of MPML.

</page>
</body>
</mpml>

O 3.6: MPML-HROOODOOOOOOODOOOOOO

MPML-HROUOOOODOOODOO

0360 MPML-HRODODODOOOODODUOO MPML-HROOOOOOODODOOOOO
000 MPMLparser OO0 D000 O0O000000O0OOOOO0OOOOODOOOOOOO
1
dooooooooooooboboboooodoooooooooonooon Windows
PpCOOODOLCDOODO0OODOODODODOOOODOODODOODO0ODODON “sam-
pleppt” 0 10000000000 0O0OOOOOOOHTMLOOOODOODOOOOGO
godogobooooooooooooon
2
O0000000000OASIMOOODOx0O0OO 1m000000D0OO0OO0ODO 3000
OO0 z[deg) OOODOOODOOOOODOODOOOOOODOD (xOy)yOOOoooooOO
odooooooooouooouooooo
3
000o0ooobOooooASIMOOODODODODOODOODOOOOoDOoOobDOoog
000 “Greet”0 “GestureRight” 00000000000 ODOOOOOO
4
godoooobooobooooooooooobooooooboooooooon
oo oonouoooooon
5
0000000 0OO0ASIMODO “Hello, everyone. My name is ASIMO.” 0000000
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000 “happy-for’ OO D000 00D0OO0DOODOODOOOODOODOODOOOODOASIMO
0o0o0O0oooooo

6

0000000000000 ASIMOODODODODOODOO0D0ODOODOO0OO 200
000000000000 DO0000000 “move” 0 “play act = “GestureRight””
0O0DoOoooogo

3.3.3 UUbpoooooboboooooon

0000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000MPML-HROOOOOOO
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000 3.50 Distribution server 10000 O O
OO0O0OOMPML parser 0 0000000000000000000000O000
00000000000000000000000000000000000000
0000000000000000000000000000 (0000000000
000000000)0000000000000000003.7)000000000
OODO0O000000000000000000000000000000@0000
000000000000000000000000000000000000000
®0EIE00000000000@I0000000000

00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
OO0OOMPMLODO Microsoft 0000 00000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000 350
Distribution server 0 0000 3.7b) 00 0000000000000000O0000
000000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000
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Time
a) Timing of synchronization
Action Speech
Gesture/move
Utterance
Head motion
Head motion Utterance
Gesture/Move
Utterance
Gesture/Move
Time

Gesture/move ends
before utterance

Only utterance

b) Timing of autonomous head motion

U3nobuoboobooboobo

31
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34 U0UOOD0OOOOOOOO0OO0OODOOOO0OOONO
googgo

gbboboboboobbooobboobuobooboboobboboboad
gboobgobooboobooboobobooboboboboobuoobboobbo
OWebOOOOOooooooboobooooooboooooobooboboo
gbooboboboboobobobooboboboobobooboobbooboobbooobnbo
gbboobodgboguogbboobuoboobooboobboobuoooon
gogboboboooobbboooobbbuooooboobon

34.1 0OO0OOO

0000000000000 OoO000ooDoooDoooooooDOoASIMOO
MPML-HR, Peedy 0 MPMLOOOOOODODOOOOODOOOODODOOOOODODOO
8000000000 oonooooooooooon
000 ASIMOOOODODOODDOODDODDOOO Microsoft Agents 000 0 OO
“Peedy” [7T7] 00000 Peedy0 DO O OODODODODODOGOODDOOOODOOOOOOO
OO0ASIMOOOODOOO NTT-ITOD D FineVoice 0 O O O Peedy O O Microsoft
Agents 0000000 O0O Microsoft Speech 0000 00O OO O Peedy I ASIMO
O0000000D0PeedyUODDODOO0OO0OOODOODOODODOOODOODODOODO
00000000 OMicrosoft Agents 100000000000 DO0ODOODOOOODOO
O000D00000000 PeedyOOOOOOOOOO

goooooooooooooooooonoooooooooooogoooon
0000000000000 0D0O0DOD0O0DO00DODD0D0ODDO0DODDO0DODO0ODOO0OD
Oo0fdo0oooooonooooooooooooooooooooooooooon
000000ooo0ooooOo000oO0ooooDooooDoO0ooDOD00O0ooDOoon
godoooobooooooooobooooooooooooooooooooon
0000000000000 0000DO00DOO00D00DoD0UDODD0oDODODODODOOD
0000000000 DO000ooooboooooooood ASIMO O Peedy OO
O000000O0bO0bO0o0obO0ooO0oDOobOos0boOoDo

gddod3lgooooooo2000oo40000oooooooooo
gbodobooobooooooooooooooooooonooooooooood
gooooooooobooooooodoooooooooon 3sgoooon
00000000000 AD90 (D0O500040)00000BO10OO (0DObBO
O0s50) 00000 CO120(00500070)00000000 AOO ASIMO
0000000000000 00000Peedy OO ODODO0DODOODOOO0O0OODODOO
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2D character agent
PEEDY

Humanoid robot
ASIMO

038 000000000

O00000BOODCOOODOODOOOOOPeedyODOOASIMODODDOODOO
gogobbbobouodooooobobbbbuooooobobobooboboooooboboo
gobobo3ggbbugoboboogbbobooobboobo2sgobbooogn
gooooooo BOobOoOooooooobobobobooobooboooboooboo
goggbobbbuodgoooobbobbouooooboobouoooooooboo
A0 CODOUOOOOODOOOODOOODbOO
oO0ob03000000b000booboobobobooboospbobbooboooooaso
gboooobobooobobobbooboobobooryobooboboobor
gbobodgbbogbobo-obbogboooboooboobooboboboonn
gbboodbuoobbooobobobobuoobbbodoboobbouoboon
ggbobobooggbobobboooobbboooobobobooiloboooonb 10
grgroboboboboboboobooboooooooooobobouobobobg
gobobogboboboogbbooobboogbbbooobobbuoogbbooobn

3.4.2 0000
SD O (Semantic Differential Method)

gboooobogoboobboobooobooo 1o ybboobboooo
O0007000000000000000 (eg. OOOO0ODO)0D0OD1I00O00OODODO
00000000 (eg. OOODODO)OODOOSDOOOODODOODO 30000000
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gogooboboobbotooooobbbobbbotbdoooooobob4000onn
gbobobogbbb sagbboboooboboobboobobobobboobbod
gogboboboogobobooooboobooouboboboooon
goIlo‘oobo0gb'o‘bobooo’oboo‘obgoboo’roboooooobog
gooooooboobooooboooobbuooboboo nNo ‘bgg’bboo’ g
oo0‘ocob’'obdbbooooboboooooooboobooboooobooobooo
goIlo‘ob’'b‘obb’'oobodbo0boo0booobooobDooboooboon
gbooobogbogobo Iiivobooobobooobob sabgobobooboboobo
gbgobogboboobooboboobuobooboobooboobbobobon
go0oOoOoO00ooOo0o0oBOOOOOUODOOODOOUODOOUODOOOOOAD
o0ocOoboob0obooooOooOooDoboboboboDobDOobotobooDoDOoDo
O'dopobo0doboooooo ASIMO0OO0OO0OOODOOOoOoOooooDoOoobDoOooDoo
O00000O0bOOo0O0b0o0ooO0ob0bO0bO0o0oobOOoooOOoDOOoOoDOOASIMODO
ggbboobouogoobbbooooboo
g3udbboobogbobodboobobuoobbooouobbooboao
gobobbludbobbobuogbobbobuoboboobuoobobodon
O000oo0o0on%00000000o00O00 (*coo0oo)boooUooooo
t00o0ooooOoO0oo0o000oooooooooboooobobDooboboO ASIMO
ggboobuoooobbbooooboobboooobobooooooboood
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oooo iEEEEEEEEEEEEE doooooooooo
00 1 OO0 0 00O 001V ©oo ASIMO Peedy 0000
000 000 -0.78675 0.31936  -0.12703 _ 0.08302  0.74400 | 5.56(1.117) 4.72(1.044) 5%
0o 00 -0.78656  0.51389  -0.08222  0.03956  0.89109 | 5.44(1.117) 4.44(1.212) 5%
0ooooo goooo -0.75635  0.32510  -0.03326 _ -0.26540  0.74930 | 5.94(0.911)  4.67(1.247) 1%
ooooo OOOO00 | -0.73486 041393 -0.24401  -0.15967  0.79639 | 5.22(1.083)  4.22(1.133) 5%
0ooo ooo -0.73164  0.35448  -0.15871  0.22901  0.73859 | 5.83(1.302)  4.44(1.461) 5%
0oooo ooooo -0.72644  0.40691  -0.20623  0.07246  0.74107 | 5.33(1.000)  3.83(1.067) 1%
0o 000 -0.71394  0.09645  0.02644  0.23454  0.57472 | 5.22(1.030) 3.94(1.079)  0.1%
0ooo ooo -0.68114  0.37493  -0.10571  -0.00182 0.61570 | 4.89(1.197) 3.61(1.061) 1%
0000000 00000 -0.61707 0.07231  -0.31953  -0.40720  0.65399 | 4.44(1.012)  3.78(1.030) N.D.
000 0000 -0.58344  0.46376  -0.20457  -0.10475  0.60829 | 5.39(1.208)  4.67(1.291) N.D.
000000 OO0O000 | -0.57532  -0.00422  -0.05391  -0.02164  0.33438 | 4.06(1.615)  4.06(1.471) N.D.
0oo ooo -0.55837  0.44342  -0.19611  -0.24736 _ 0.60805 | 4.56(1.212)  4.11(1.197) N.D.
ooo ooooo -0.53243 051019 _ 0.08630 _ 0.02465  0.55183 | 5.50(1.258)  4.38(1.208) 5%
0ooo ooo -0.52698  0.20534  -0.09974 _ -0.24078  0.38780 | 4.89(1.410) 5.00(1.106)  N.D.
0ooo 0000 -0.52209  0.42453 _ -0.23427 _ -0.10680  0.51909 | 3.94(1.580)  3.33(1.291) N.D.
000000 000000 | -0.51876  0.39978  -0.17959  -0.07094  0.46622 | 4.56(2.034)  4.44(1.343) N.D.
0ooooo 000000 | -0.51790 047188 -0.02801  0.07356  0.49700 | 4.67(1.155) 4.72(1.283)  N.D.
000 000 2021460  0.77320  0.13463 _ 0.14000 0.68161 | 5.06(1.129) 4.78(1.133) N.D.
000 000 2030707  0.75108  -0.24454  -0.12478  0.73379 | 4.78(0.975)  4.56(1.343) N.D.
ooo ooo 011537 0.71180 -0.06622  0.33309  0.63531 | 4.16(1.014)  3.94(1.268) ND.
0oo 00 028257  0.70948  -0.22050  -0.24463 0.60171 | 4.56(1.212) 4.89(1.370)  N.D.
ooooo 0ooo 0.41596  0.60230  -0.09804 _ 0.03200  0.54666 | 4.72(1.660) 5.11(1.149)  N.D.
0ooooo ooooo 052460  0.55996  -0.15679  -0.02109 0.61379 | 4.67(1.333)  3.61(1.533) N.D.
0000 o000 027835 0.50695  -0.21912  0.21875  0.43034 | 4.61(1.061) 4.44(1.165) N.D.
0000 000 026043  0.44639  -0.33811  -0.32290  0.48567 | 4.77(1.397)  4.72(1.145) N.D.
0o 0o -0.03381 _ 0.09386  -0.75667 0.10904  0.59440 | 3.63(1.086) 3.61(1.112) N.D.
oooo ooo -0.18258 _ 0.00038  -0.62056  0.34929  0.54044 | 3.28(1.407) 3.83(1.213)  N.D.
ooo ooo 022581 0.40607  -0.51234  -0.04253  0.48018 | 3.50(0.764)  3.50(1.067) ND.
000 000 0.04206  0.12938  -0.11519  0.66086 0.46858 | 4.22(0.016) 4.61(1.112)  N.D.
00O 000 0.01391  -0.00324 _ -0.09987  0.54571 0.30798 | 3.67(1.202)  3.44(1.165) N.D.
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B ASIMO
B Peedy
BFRRE(x) EEIME HEE FHER
gog 0o0g ooo o000
000000000 ~ ASIMO 0845 0.891 0916  0.843
Peedy 0.834  1.094 1.010  1.135
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ggobobooogooo

0320000000000DOO0O0booOo0oobooosSpboboooboobooOooon
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gboboboboobooobobobobobobobobobobDobDobooboooo
OceconfirmOOOO0O0OODODOODOODOOODOODOODOODOODOODOO



040 0OOOODOOODOOOOO0OD 23

reject askback accept  confidence
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reject=ask-back accept
| 11 | R B
reject ask-back=accept
| s | mEEL | mm
reject=ask-back=accept
| #0 | 2 |

042 000000000

0000000000000 000 (0000000000000 oOoOOooODO)00O0
gogbbobobooooooobbbboooooobbobbooooooboon
ggobbbbouoooobbbbbuoooooobobboooooobbobobo
gogbbbobuogoooobbbobboooogoboobooooooooboo
ggbbbuoodobobboooobbbuooobbbuoooobbboooobon

ggbobobooogbon
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U43: 0000000000000 0O

(DInteraction

godoobooooooooooooooouoonoooooooooon
2Recog
<recog page=“ ">000000000000D00000DO0O0OO0DOOOOO0O

gogobobobobooooooobboobbboooooobooboboooooooonobooboo
ggooobod

3)Grammar

< grammar recgram = “ " confirm=¢“ " view=“ ">000000000
UdbbbD0O0recgramJ oo ooooooooboboogd

‘ JUMP ‘ ‘ DO ‘ ‘GOBACK‘

[ I [ !
‘SPEAK‘ ‘ PLAY ‘ ‘ MOVE ‘ ‘ POINT ‘

CCONFIDENCE-
THRESHOLDS

0 44: 0000 (MPML-HR ver. 3.0)
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godooboooooooboooooon
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Jooddooooobooo42000000000ooobooooooooon
godooboooooooboooooooooon
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gogoobooogn

<?xml version="1.0" encoding="UTF-8"?>

<mpml|>
<body> 3
<page ref="/slide.ppt#1” id="BAH DX & ">
<synch>
<speak>Bi A DEFRIFEN TLLS</speak>
<play act="victory" />
</synch>

</page>
<page ref="/slide.ppt#2” id="Bi#% BOXKR"> > (1)
<speak>BAt& B D REIFFM TLLS</speak>
</page>
<end />
<page ref="/slide.ppt#3" id="FEH DX & ">
<speak>KE B DRFILE Y ZETLI1a</speak>
</page>
</body> )
<interaction>
<grammar recgram="[Z (%] M5 k"

confirm="BBRNZRYET M ?" view="BIEL"™ ... (3)
KYODACK /> ... 4)
</grammar>

<grammar recgram="FM> [DTAZE]"
confim="FEHDXKTT N ?" view="FEE DXK">
<do PagE="FER DR G /> . e e e e e (5)
</grammar>
<grammar recgram="%H3>T&LEDS [DTAZE]"
confim="B3#% B ELMEADRRTT M ? " view="B BEFFADRR ">
<do page="Bi#HOXK" /> )
<do page="FFHDXK" />
</grammar>
<recog page="BA B DIRR> ....ccooiiiiiiiiie et (6)
<grammar recgram="% L7z [DTAZE]"
confirm="BAEH D XK TI M ?"view="BHEDXK">
<confidence-thresholds reject="0.6" ask-back="0.8" accept="0.9"/>....... )
<Jump page="BaE M IR /> ...ceeriiiiiiiiiii e 8)
</grammar>
</recog>
<finteraction>
</mpml>

0 4.5: MPML-HR ver. 3.00000000000000000
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000000000000 Orecog0 000000 grammar 010000000000
0 (0456)000000000000000000 paged00000000000
000000000000000000000000000000000000000
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OO0goback 000000000000 000000Ogrammar 1000000000
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0(045(7)000000000000

grammar 0 000 0viewD0O0OO0OO0OO0D0O0000000000000000000
00000000000000MPML-HROOOOOOOOOOOOOOOOOOO
00000000000000000000000000000000000000
0000000000000000000000 (04.300)0grammar 000 view
00000000000000000000000000000000000000
0000000 recgramn 0000000000000 confirm0000000000
00000000000

04600450 MPML-HR ver. 300 00000000000000000000
ooooo
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4.3.2 O00O0O0OOOOOObOOOOOOOOn

gogbooodg

MPML Dialogue and behavior controller
script
l Middle
Other
experts
Understand

MPML | [representation
compiler

method speech domain  Select-action
recognition plausibility method MADL

requested
task

execution

Task
report planning
(to

selected
expert) subtasks

results (from all  (from selected
(to all experts) experts) expert)
Understanding Action selection
] expert selection
! speech information
recognition MADL
Speech results
recognition — Hardware controller
9 ’ Speech recognition ‘ Speech synthesizer
grammar
Screen controller

O 4.7: MPML-HR ver. 3.00000000O

0 470 MPML-HR ver. 3.000000000000MPML-HR ver. 3.00000
O0000000o0oooooooooooooooooooOoODObObOObbOOO0n
oooooooooboooooooboooooOooOoboOoOoboooOObOoOoboooDoODo
O00000000000000000O0O0O MADL (Multimodal Action Description
Language) 0000000000 MADLOOOOOOODO (eg. “OO00DO0O ASIMO™)O
00000000 (eg. “00070 “00000O0"0000O00OOOOOODOOOO
Oo0ooMADLOOODOOOCOOOOOOOOOODODOOOOOOOOOOOOO
oooOoOOO0O0O0O00OOO0OOoOoo0oOoOoooASIMOOOOOO0O0O0OOoOooon
ooooooooooooo

MPMLOOOOOODOOOOOOOOOOOORIMEO MPMLOODOOOOOO
000000 @UO0oooO MPML-HR ver. 3.00 0000 MPMLOOOOOO)
oooooMPMLOOOOOO MPMLOOOOOODOO MPMLOOOODOO
goooooOoOoOoooooooooooooooDooOOOCOOOOoMPMLOOO
O0bo0o000ooooooooooooooOOoMADLOOOO0OOOODDOOODOOO
O000O0oOoobooboobDbOOobDOObOO MADLDO action selection0 00000000
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goggoobobobbtbooooooobbbbboodooooooobbi1ooon
goobbbbbouoooobbobboooooobbobbouooooooobon
U0 0Owunderstanding0 00000000 MPMLOOOOOOODDODOODOOOOOO
gobogbooooMpPMLODOOOOODOODODOODOODOODOODOOODODO
gogooboobobboogooobboobbboooooobboobbooooooobooon
gbbobbodgbogobooboobboouooboobboobooboboo
ERERE

MPMLOOOOO

MPMLODOODODO MPMLODODOODODODODODODOODODODODO
block U OOODOOOODOO blockUUOD MPMLOUODO O OO body U I page
goboobooobooobtbdbjumpO 00 doOOODOOOODOOODODOOO
O0OblockDOODOOODOOOOODO pagel 0 OO0ODOOODOOO blockOOODOO
gbo4800 450 MPMLODOODDODODODOOODOOODOODODOODOODOO

<block id="1" next="2">
<interruption-handle recgram="gram_0_1" goto="gdbaconfirm="E#a1ZREYFE 3 h ? "></interruption-handle>
<interruption-handle recgram="gram_0_2" goto="3 cohfirm="Ff B D XK TI H ? "></interruption-handle>
<interruption-handle recgram="gram_0_3" goto="2_r.3confirm="88{% B £LMEB DX K TI H* ? "></interruption-handle>
<madI>
<show-slide uri="./slide.ppt#1" />
<show-text view="side"¥ B D XK ¥nBA% B £/F B O X K ¥n</show-text>
</madl>
<madI>
<utterance8d B M W R (L& TL L5</utterance>
<show-text view="bottom"8i H D RIR [LEEN TL £5</show-text>
<play name="victory" />
</madl>
</block>

048 00000

handle-interruptionJ 00O 0O0OO0O0OODOO0OOOOOOOOOOOO IDOO
gobobooboobooboobuoobooboo Ibpooboobooooboon
0000000000000 IDO0000000 (ooooooooo

nmadl 000000 MADLOODOOOODOOOOODOODOODOUOshow-slided O
goobbbbbotuooooobobbbbbooooobbbbbdd show-text U0
goobboboboogooobobbobboooooobobooooooobooon
0000000000000 00000000000 (side)D00D0O0OODOOOOO
00000000 (bottom) 000000000 Outterance 00 Oplayd O Ogo-to
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gboobooboboooboobobooboobobobooooMPMLOOODO
OOOMADLDO emotionO0O0O0O0O0OO0DOOOODO

gbobogbobooboobboobuooobboboboobobobobooboon
goobbbbouoooogbobobobbbouooooobbbboooooooobon
gooood

MPMLOOOOODO

O0OMPMLOOODODOODODODOOODODODOODODOODODOODOOOO
obdobobOobooboooooooooooMPMLOODODOODOODOODODOOoOOOO
0000000000000 o0bO0o0bOoDooo0oMPML-HROOODOOODOO
oooooobooooobooooobooooboooMPMLOOODODODOODO
o0oooooooooo

initialize0 000000000 MADLODOOOOOOODOOODO (OO IDOOOO
O0000000)000000ooooOoOoo

select-action0 0 0000000000000 OOCOMADLOOOOODOOODOOODO
0000000o0bO00bO0o0oDb0obDbO0o0bO00oDboooOoOooDbOoooOOon
000 IDbOO00O00000O0D000O0DO00O00DO0DO0ODOD0ODODOOMADLOODODO

understand0 0000000000 0ODODOODOODOODOODOODODOODODDO
0000000 4.3.100000 reject, ask-back, accept 0 30000000 OO reject
0000000000000 00000000O0000000O00D0 reject00 0000
ask-back 000000000000 0OD0O0ODOOODOOOOODOODOOODOOO MADL
0000000000000 00D000D000 ask-backODOOOOOOacceptd OO0
00000000000 0DO00D0bOo0O0oDOOoO0 MADLOODODODOODOODOO
00o00obo0oo0ob0ob0obOooo0ooooooooobobOobUoboboboo
gbbo2000000b0boboboooobboboooboo IbooboooOooO
U000 accept 000 O00O0ODODDOO0OODODOOOODO jump, do OO0 goback [
gooooooo
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4.4 OJ0O0O0OO0O0OO0OOO0OOOO0O0O

goooboooodg MPML-HROODOOOOOODOOOOoOooooooooo
goooooooooogooboobooboooboo XIsLgoooooooooooo
MPML-HR O XISLOOOOOOOOOODOOOODOOODODOOODOODODOOO
gobooobgobooboobooo MPML-HROOODOOOODOODDOOO
X[SLoOooooooooooooooboooobooooooooooboooo
o0boooooOMPML-HROOOOOOODOOOODODOOOOODOOOXISLODOO
gboobobooboobooboooMPML-HROODODOOODOODOODOO
gobobooboooboobooobooooboooboooobooXIsLooooooo
ggbobobouoooobbooodgn

<mpml>
<body>
<page ref="./slide.ppt#1” id="first”>
<synch>
<{speak>Tomorrow, it will be fine in Tokyo.{/speak>
<play act="victory” />
</synch>
<{/page>
<page ref="./slide.ppt#2” id=“second”>
<{speak>The day after tomorrow, it will rain in Tokyo.{/speak>
<{/page>
<page ref="./slide.ppt#3” id="last”>
<{speak>Yesterday, it was cloudy in Tokyo.{/speak>
<{/page>
</body>
<interaction>
{grammar recgram="[How was] yesterday”>
<do page="last” />
<{/grammar>
{recog page="second”>
<grammar recgram="[Please] (explain | talk) the first slide ">
<jump page="first” />
</grammar>
<{/recog>
</interaction>
</mpml>

0 4.10: MPML-HROUODOOODODOODOOODOOODOO
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<body>
<dialog id="first” comb="seq” repeat="1" scope="document”>
<begin>
<output type="mmi-browser” event="open”>
<[CDATA[

<param name="window-name”>Tomorrow_page</param>
<param name="uri"> slide1.xml</param>
»
</output>
<par_output>
<output type="agent” event="speech”>
<!I[CDATAL
<{param name="name”>ASIMO</param>
<{param name="text”>Tomorrow, it will be fine in Tokyo.{/param>
11
</output>
<output type="agent” event="balloon”>
<![CDATAL
<{param name="name”>ASIMO</param>
<param name="text”>Tomorrow, it will be fine in Tokyo.{/param>
»
</output>
<output type="agent” event="action”>
<[CDATA[
<param name="name” >ASIMO</param>
<param name="action”>Hello</param>
»
</output>
</par_output>
</begin>
<exchange>
<operation target="slide.xml”>
<input type="speech” event="recognize” target="slide1.grxml” match="/grammar/rule[@id=yesterday]” />
</operation>
<action>
<call next = "#Yesterday_page” />
</action>
</exchange>
</dialog>
<dialog id="first” comb="seq” repeat="1" scope="document™>
<begin>
<output type="mmi-browser” event="open”>
<[CDATAL
<param name="window-name” >AfterTomorrow_page</param>
<param name="uri"> slide2.xml</param>
>
</output>
<par_output>
<output type="agent” event="speech”>
<![CDATA[
<{param name="name”>ASIMO</param>
<param name="text”>The day after tomorrow, it will rain in Tokyo.</param>
»
</output>
<output type="agent” event="balloon”>
<I[CDATAL
<param name="name” >ASIMO</param>
<{param name="text”>The day after tomorrow, it will rain in Tokyo.</param>
»
</output>
</par_output>
</begin>

0411 XISLOODOOOOOoOOooooobooo 1
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(=)
<alt_exchange>
<exchange>
<operation target="slide.xml”>
<input type="speech” event="recognize” target="slide1.grxml” match="/grammar/rule[@id=yesterday]” />
</operation>
<action>
<call next = “#Yesterday_page” />
</action>
</exchange>
<exchange>
<operation target="slide2.xml”>
<input type="speech” event="recognize” target="slide2.xml”match="/grammar/rule[@id=tomorrow]” />
</operation>
<action>
{goto next = “#Tomorrow_page” />
</action>
<{/exchange>
</alt_exchange>
</dialog>
<dialog id="first” comb="seq” repeat="1" scope="document™>
<begin>
<output type="mmi-browser” event="open”>
<[CDATA[
<param name="window-name”>Yesterday_page</param>
<param name="uri"> slide3.xmI</param>
>
</output>
<par_output>
<output type="agent” event="speech”>
<[CDATA[
<param name="name”>ASIMO</param>
<{param name="text”>Yesterday, it was cloudy in Tokyo.</param>
m»
</output>
<output type="agent” event="balloon”>
<![CDATA[
<{param name="name”>ASIMO</param>
<{param name="text”>Yesterday, it was cloudy in Tokyo.</param>
1w
</output>
</par_output>
</begin>
<exchange>
<operation target="slide.xml”>
<input type="speech” event="recognize” target="slide1.grxml” match="/grammar/rule[@id=yesterday]” />
</operation>
<action>
<call next = "#Yesterday page” />
</action>
</exchange>
</dialog>
</body>

0412 XISLOOODOOOOOOODOOODO 2
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MPML-HR | XISL
Tag 16 60
Attribute 12 76

O 4.1: MPML-HR O XISLO OO

04100 MPML-HRODOOODDODOOODOOODOOOODOOD 4110000 412
OXISLOOoooooooooooooooooooboooooobooooooooo
goobooobooboooboobbooobbooo 410booobbMPML-HR
gbogobdgoboobo4bo010boobobboobooboobd

MPML-HROODOOOOOOOOODOODOOOOOODOOOOOobOOoDbOOobDOoo
gboooooobobobobobooboboooobobuobobobobob
ooooobooXlSLoooooboooooooboooooooobooboooo
gboobboobooboobboobooboobboobooboobboo
oobooboooooobooooXisLoooooooboooooobooogoooobog
gooobooobooooMPML-HRODOODOOODOODOOODOODODOOOOODOO
gogobbbbuoooogobbbbbouoooobbobouooooboboobo
gogbobobooooboobod

XIsSLoooooooobooooobooooooobooooobooooooo
gogobbobbobooddooooboooooboobboboooooooooobooo
goobboboboogooobbobobbuoooobooboooooobobobo
gbobooobobooooooobobo MPML-HROOODOODOOODOODOODO
gogbobbbobobuodugoooobbobobboobbbooooooobboon
gbobooobobobooboboobobobooobobooobob MPML-HRO
gogbobbbobobuougoooobbobbbbuodoooouoooooobboon
gooobo MPML-HROOODOOODOOOOOO

goggobbbboooooobbbboooooobboboobboooooboo
goggobboobbtodgoooobbobobbbuodooboooooooboboobooo
gbboobuoobbbogboobboobuoobooooboobboobood
goooboooboobuooboobod MPML-HR ver. 300000000000
goobbbbouoooooobbbbuoooooobbobouoooooobbon
goooo
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4.5 0OOOOOO

gobgobooobboboobooobobboobboobooboood
MPML-HR ver. 3.0 U0 00000000 O0MPML-HR ver. 3.000000000
gboogooogobbobobbdooooooboboobbbooooooooboboon
gbogbbodoboobboobboobuoobbobooobbboobboobo
gogbboboboogooobbobobbuoooogbboboooooooboooon
gogbobbbbuoooogobbbbbuooooobbbbouooooobboo
goobobobobooooobbbbbodooogoboboobooooooooboo
gobooo

MPML-HR ver. .00 000000000000 DOO0OOOO0OOO0OODOOO
gooooboooboboooogoooboboooooboboboob0O0oMPML-HROO
goobboboboooooobbbbbuoooobbobooooooobooon
gogbobobooodn

gogobbobobboodooooobbobboogoobboobbobooooooon
ggbobbbbuoooogbbbbooooooobbobbobooooooobbo
goooo
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000000bO0D0O00bO0D000bO0oDO0o0bO0oD0Oo0DO0oDoOobOOoDObOOoDOn
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O000000000000000 SNR (Signal to Noise Ratio) D 000000000
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000 97000000000 0000000000000000DDOoOOO0oOOOO
000000O00b00b000oD0bO0o0bO0o0obOoooDbOOo0obOOoobODoOooDoOon
000000000000000000000000000 (stop-perceive-act O ) O
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O0b000oOoooboOoO0boOobDOon0DdDSpectral SubtractionO0 OO0 O0OOOOO
0000000 Db00O0D0Od Missing Feature Theory UD DO O ODOOOO0OOOO
gbobodoobobbobooos4bbooobobboboobobong
gboboboobooobobouoobobuoobuoboossbboboboboobuonbo4d
gbooobooooboboboboobobobobOobOobUobOobDOobOobUoDOoo
oooooooooo



gsd bObhbooogbbboooobbb 70
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|Si(w)| = [Xi(w)] = [Ni(w)] (5.1)
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Z VBIN;(w)|? otherwise.
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¢i(w) = ai(w) — stg(pi(w))[es(w) — [Ni(w)]] (5.4)
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5.3.1 UUOOOO
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534 UU0UOOOOOOO0OODODOO
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N
1
Jj=1

ggobbbbuoooooobbbbbduoooobboboboooooobbobo
ggbobobuoooobobobooooboboogod

H(z)=1-0.9z" (5.11)



gsd bObhbooogbbboooobbb 85

H(»)ODDODDOOOODO h, 000
St = he % S, (5.12)

oooobooboo«soooboobooboboooo oeMNOObooboooooo
gboobgobobbobboboobuoobooboboboobo

F
1
S4 =53 — - > s (5.13)
j=1
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00000000 I(f)0D0000M,00000000000000DODODOOCO
ggbbbuoooobbbuoooobbbuoooobbboogoogbbh

0 otherwise.

O0ooo0o0 7,07,00000000000000000D000O0O0DOO0O0O0OO

Sd O
N-1

sd:argmaXZIé(f)Td(f—T) (5.15)
T =0
00000000 5,00<d<2000000 00000000000 Sy 00
gooooooobobon
00000000000 Ey(f)o0

Ed(f) = Td(f - Smatch> (516)

gogbobooogd

ggbooodg

0000000000000000000 T(smeer) 000000000000000
000000000000000O0R(, f)0000KO00D0 (00000O0)0000
f00000(00000)00000000000000000000000000
y(k, /)000000000000000D00000000000 pk, f)000000
0000000000000000000

Oo00m(k, f/)D0O0O0O0DOOODOODOOO

7n<k’f)::|Cy(k,f)-—rnediank(Cy(k,f)ﬂ (5.18)
Pk, f) — C'(k, f)

median,(a(k)) 0 «(k) 0000000000000 P(, f)O000 C'(k,f)00000
000 pk, )OO0 ¢(k £)00000000O0OO00O0O00O0mG,f)000000
000000000000¢t,00000000000m(k, 000000000 ty

0000¢t, 00000500000
DO0OOMFTOOODOOO0O000000000000MFTOO0O0000O0OOO
00000000000000000000000000000000000000
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OMFTOOOO wk, /)DODO100000000 w(k,/)D0O00O0O0OOOOODOO
UK0b0o0booobooboobog

wlk, ) = Bl (5.19)
> m/(k, f)
k=1
m'(k, f) = {m(k,f) iof m<k7f).<tth7
Lin otherwise.

5.3.6 MrTUUUUOOUOOOOon

MFTOOOOOOOOOOOOobOOobooooooobobooobobooobooo
OSNROODODODODOOMFTOOODOOOODOODODODODODOODOODOODODOD
gogobboboogooobobobbodoooobooboooooobobooobo
ggobobooogbon

MFTOOOOOODOOODOOOOObOOoOOooOoobobooobobobooooo
gbobobobooooooooooooooMrFTOOobooboobobobonbo
gobbb oo seggonbbbogoobboooon

Lisela) = > L(se(i)la). (520)

MFTOOOOOOOOOOOOOOw(k, f)DOOODOOOOOOOOOOO

M
L(selg) =Y w(i, f)L(se(i)|qr). (5.21)
i=1
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Multi-condition (Motion)
SS (each 1 utterance)

SS (for motion noise)
Adaptation for SS

White Noise Addition
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MFT (only noise matching)
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5 2
g 2
Stationary Hand(s) Head Head and Hands Waking motion Stationary Hand(s) Head Head and Hands Waking motion
Conditions
Conditions
a) 0000 50cm b) D000 100cm
100 100
90 90
" | DEFGHI .
~ - DEFGHI
s s
> >
[s) [+
e e
=3 =]
o o
o o
© ©
2 2
o o
= =
Stationary Hand(s) Head

Head and Hands. Walking motion Stationary Hand(s) Head

Head and Hands Waking motion
Conditions Conditions

¢)0000 150cm d) 0000 200cm

¥ D: Multi-condition + SS I E: p=0.0 b F: p=0.05

nnnie Gip=0.1 BN H: p=0.2 w*e# | p=0.4

0s4 000000000
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100
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Stationary Hand(s) Head Head and Hands Walking motion Waking motion
Conditions
Conditions
a) 0000 50cm b) 0000 100cm
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Stationary Hand(s) Head Head and Hands Walking motion Stationary Hand(s) Head Head and Hands. Waking motion
Conditions Conditions

¢) 0000 150cm d) 0000 200cm

@@EE A Clean model W B: Multi-condition 1 it C: Multi-condition 2
#&##4 J: SS + white noise [t K: SS + white noise EEEEN L: SS + white noise
+MFT 1 + MFT 2 +MFT 3

0 b5 MFTODOOODOO
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MNOPJ

Word accuracy (%)
Word accuracy (%)

Stationary Hand(s) Head Head and Hands Walking motion Stationary Hand(s) Head Head and Hands Walking motion
Conditions

Conditions

a) 0000 50cm b) 0000 100cm

90
» |_MNOPJ

MNOPJ

Word accuracy (%)
Word accuracy (%)

Stationary Hand(s) Head

Head and Hands Walking motion

Stationary Hand(s) Head

Head and Hands Walking motion
Conditions Conditions

c)0O000O 150cm d) 0000 200cm

@ M: SS (1frame) MmN N: SS (1frame) b O: SS (10frames)
+ Multi-condition
nnnie P: SS (10frames) H###8d J: SS + white noise
+ Multi-condition +MFT 1

O 5.6: SSO000O00O0O0O0OOOOODOODOOD
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Word accuracy (%)
Word accuracy (%)

Stationary Hand(s) Head Head and Hands Walking motion Stationary Hand(s) Head Head and Hands Walking motion
Conditions

Conditions

a) 0000 50cm b)y0O0O0O 100cm

7 100
90 90 c

80

g g

> >

S 8

8 8

g g
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I 3
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S S
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Stationary Hand(s) Head

Head and Hands Walking motion

Stationary Hand(s) Head

Head and Hands Walking motion
Conditions

Conditions

c)d0000 150cm d) 0000 200cm

b C': Multi-condition 2 ##%#4 J": Proposed method
+ Unsupervised MLLR + Unsupervised MLLR

0570000 MLLRODOO
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Word accuracy (%)
Word accuracy (%)

Stationary Hand(s) Head Head and Hands Walking motion Stationary Hand(s) Head Head and Hands Walking motion

Conditions Conditions

a) 0000 50cm b)y0O0O0O 100cm

c U

Word accuracy (%)
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Stationary Hand(s) Head Head and Hands Walking motion Stationary Hand(s) Head Head and Hands Walking motion

Conditions Conditions

c)d0000 150cm d) 0000 200cm

b C: Multi-condition 2 ##%#4 J": Proposed method
+ Supervised MLLR + Supervised MLLR
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#include <stdio.n>
#include <stdlib.h>
#include <string.h>
#include <sys/socket.h>
#include <sys/time.h>
#include <netinet/in.h>
#include <netdb.h>
#include <pthread.h>

#define PORT_BR (in_port_t)70001
#define PORT_ROBOT (in_port_t)70002
#define PORT_VOICE (in_port_t)70003
#define BUF_LEN 512

#define COM_LEN 512

#define DEG_PAN 45

#define DEG_TILT 15

/*ERERINT DG/
struct MPMLINT{
char emotion[COM_LEN]="neutral”;
char speak[COM_LEN];
char act[COM_LEN];
char page[COM_LEN];
int emotion_len;
int speak_len;
int act_len;
int page_len;
boolean state_br=0;
boolean state_robot=0;
boolean state_voice=0;

}

struct MPMLINT mpml;
char nextcommand[COM_LEN];
FILE *fp;

main()
struct hostent *server_ent_br, *server_ent_robot, *server_ent_voice;
struct sockaddr_in server_br, server_robot, server_voice;
int soc_br, soc_robot, soc_voice;

char hostname_br[]="browser”, hostname_robot="controller”, hostname_voice="voice”;

char buf[BUF_LEN];
pthread_t thread1;

/% */
/% MHEnE */
/% */

/HRRANE NS T RL REEG*/
if((server_ent_br=gethostbyname(hostname_br))==NULL{
perror(“get hostname error¥n”);
exit(1);
}
if((server_ent_robot=gethostbyname(hostname_robot))==NULL{
perror(“get hostname error¥n”);
exit(1);
}
if((server_ent_voice=gethostbyname(hostname_voice))==NULL{
perror(“get hostname error¥n”);
exit(1);
}

O A.1: Distribution server OO0 0O QOO 1
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/¥ RAFETRLREEERI A e/
memset((char *)&server_br, 0, sizeof(server_br));
server_br.sin_family=AF_INET;
server_br.sin_port=htons(PORT_BR);
memcpy((char *)&server_br.sin_addr, server_ent_br->h_addr, sever_ent_br—>hlength);
memset((char *)&server_robot, 0, sizeof(server_robot));
server_robot.sin_family=AF_INET;
server_robot.sin_port=htons(PORT_ROBOT);

memcpy((char *)&server_robot.sin_addr, server_ent_robot->h_addr, sever_ent_robot—>hlength);

memset((char *)&server_voice, 0, sizeof(server_voice));
server_voice.sin_family=AF_INET;
server_voice.sin_port=htons(PORT_VOICE);

memcpy((char *)&server_voice.sin_addr, server_ent_voice—>h_addr, sever_ent_voice—>hlength);

/¥y MERR/

if((soc_br=socket(AF_INET, SOCK_STREAM, 0))<0)}
perror(“socket error¥n”);
exit(1);

}

if((soc_robot=socket(AF_INET, SOCK_STREAM, 0))<0){
perror(“socket error¥n”);
exit(1);

}

if((soc_voice=socket(AF_INET, SOCK_STREAM, 0))<0){
perror(“socket error¥n”);
exit(1);

}

[ — I \IZHEfT*/

if(connect(soc_br, (struct sockaddr *)&server br, sizeof(server_br))==—1){
perror(“connection error¥n”);
exit(1);

}

if(connect(soc_robot, (struct sockaddr *)&server_robot, sizeof(server_robot))==-1){
perror(”connection error¥n”);
exit(1);

}

if(connect(soc_voice, (struct sockaddr *)&server_voice, sizeof(server_voice))==—1)(
perror(“connection error¥n”);
exit(1);

}

/*RRARRB I T AN DF—T o/
if((fo=fopen(” mpml_middle.txt”, “r")) == NULL){
perror(”mpml middle file error¥n”);
exit(1);
}

0 A.2: Distribution server OO0 OO QOO 2
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Vas */
/% AVTFUYDET */
/¥ */
dof
int n;
commandset();

if(mpml.state_br==1){
write(soc_br, mpml.page, mpml.page_len);
n=read(soc_br, buf, BUF_LEN);
mpml.state_br=0;

Jelse if(mpml.state_robot==1 && mpml.state_voice==0){
write(soc_robot, mpml.act, mpml.act_len);
n=read(soc_robot, buf, BUF_LEN);
mpml.state_robot=0;

Jelse if(mpml.state_voice==1 && mpml.state_robot==0){
pthread_create( &thread1, NULL, (void *)headmotion);
write(soc_voice, mpml.emotion, mpml.emotion_len);
write(soc_voice, mpml.speak, mpml.speak_len);
n=read(soc_voice, buf, BUF_LEN);
mpml.state_voice=0;

Jelse{
write(soc_voice, mpml.emotion, mpml.emotion_len);
write(soc_voice, mpml.speak, mpml.speak_len);
write(soc_robot, mpml.act, mpml.act_len);
n=read(soc_robot, buf, BUF_LEN);
mpml.state_robot=0;
pthread_create( &thread1, NULL, (void *)headmotion);
n=read(soc_voice, buf, BUF_LEN);
mpml.state_voice=0;

int n;
n=read(soc_br, buf, BUF_LEN);/*"/ 4y kx/
write(1, buf, n),/*iR#EH 3/
n=read(0, buf, BUF_LEN)/*#Z#E A J3%/
write(soc_br, buf, n);,/*4ybkx/

}

while(nextcommand!="END");

/% */
/% & TNE */
/% */

close(soc_br);
close(soc_robot);
close(soc_voice);
fclose(fp);

O A.3: Distribution server OO0 O OO0 3
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/% */
/% BERICHTEEYNT HBH */
/% */

void commandset(){

if(nextcommand==""){

if(fgets(nextcommand, COM_LEN, fp) == NULL){
sprintf(nextcommand,”%s”,”"END");

}

}

while(1){
if(mpml.state_br==1)break;

else if(mpml.state_robot==1 && strcmp(nextcommand, “END”)==0)break;

else if(mpml.state_robot==1 && nextcommand[0]=='"M")break;

else if(mpml.state_voice==1 && strcmp(nextcommand, “END”)==0)break;

else if(mpml.state_voice==1 && nextcommand[0]=="S")break;

if(nextcommand[0]=="B"){
sprintf(mpml.page,”%s” ,nextcommand);
mpml.state_br=1;
mpml.page_len=lengthset(mpml.page);

Jelse if(nextcommand[0]=="E’){
sprintf(mpml.emotion,”%s” nextcommand);
mpml.emotion_len=lengthset(mpml.emotion);

lelse if(nextcommand[0]=="S'){
sprintf(mpml.speak,"%s” ,nextcommand);
mpml.state_voice=1;
mpml.speak_len=lengthset(mpml.speak);

Jelse if(nextcommand[0]=="M’ || nextcommand[0]=="P’){
sprintf(mpml.act,”%s” nextcommand);
mpml.state_robot=1;
mpml.act_len=lengthset(mpml.act);

if(fgets(nextcommand, COM_LEN, fp) == NULL){
sprintf(nextcommand,”%s”,”"END");
}
}

int lengthset(char *in_string){
int i=0
while(in_string[i]'="¥0"){
i+
}
return(i+1);

}

void headmotion(){
int pan, tilt;

sleep(100);

srand((unsigned)time(NULL));

while(mpml.state_voice==1){
pan=(rand()%(DEG_PAN%2+1))-DEG_PAN;
tilt=(rand()%(DEG_TILT*2+1))-DEG_TILT;
sprintf(mpml.act,”HEAD %d %d” pantilt);
mpml.state_robot=1;
mpml.act_len=lengthset(mpml.act);
write(soc_robot, mpml.act, mpml.act_len);
n=read(soc_robot, buf, BUF_LEN);
mpml.state_robot=0;

O A.4: Distribution server OO0 O QO QOO 4
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O B1.SSO0000OO0OODODOO1

[ 50 cm. Il 100 cm
l Condition A B C [ D E “ A B C D E
Motor noise 59.19 83.34 83.34 67.60 84.26 40.44 74.23 74.23 60.11 79.56
Right hand (1) 50.93 81.25 79.63 64.74 82.10 30.71 67.67 68.60 57.87 73.15
Right hand (2) 45.45 77.63 73.84 58.10 75.46 26.00 64.97 60.80 47.84 65.97
Right hand (3) 51.32 79.63 78.55 63.89 80.25 32.56 67.75 69.60 55.02 70.45
Right hand (4) 52.70 82.64 79.94 64.51 81.02 32.95 69.14 69.83 55.40 70.53
Right hand (5) 50.70 81.02 81.17 63.35 82.02 31.10 68.52 69.99 54.63 70.99
Left hand (1) 50.31 78.32 79.79 62.04 78.32 30.48 65.05 65.36 49.54 66.05
Left hand (2) 44.60 74.69 74.38 56.02 73.46 24.31 59.88 60.27 45.53 58.88
Left hand (3) 51.55 80.25 79.32 64.74 79.17 32.72 68.21 69.29 55.40 68.14
Left hand (4) 47.45 74.62 74.85 50.93 63.20 29.32 60.42 60.81 36.04 49.92
Left hand (5) 52.01 79.40 79.94 62.04 78.47 32.72 65.43 66.05 52.47 67.06
Both hands (1) 45.07 76.70 75.08 59.11 77.86 25.31 61.19 61.50 46.53 63.43
Both hands (2) 44.29 74.54 74.31 57.57 75.70 25.47 59.18 59.88 48.15 61.96
Both hands (3) 43.60 73.61 74.46 56.10 74.23 25.62 58.10 60.65 45.76 60.34
Both hands (4) 43.37 74.08 74.38 58.88 75.08 24.62 59.88 57.87 47.30 62.35
Both hands (5) 45.91 76.93 75.47 60.19 77.70 26.01 61.58 62.50 50.16 63.58
Head (1) 45.84 63.89 67.21 40.97 54.94 23.69 50.23 51.39 30.40 43.98
Head (2) 53.25 73.23 76.16 52.86 66.98 34.57 59.80 64.12 44.99 57.25
Head (3) 50.39 74.31 74.92 50.70 67.29 31.79 62.04 61.96 40.20 55.79
Head (4) 29.94 44.91 50.16 26.39 31.87 17.83 33.88 38.27 20.06 27.55
Head (5) 30.79 46.22 52.01 29.25 37.58 17.90 34.88 40.97 24.00 30.95
Head and Hands (1) 51.24 74.38 77.24 51.62 64.59 33.57 61.81 65.51 39.12 55.17
Head and Hands (2) 51.31 66.59 70.99 41.98 55.56 31.18 55.79 59.03 31.33 45.68
Head and Hands (3) 37.50 63.81 66.67 41.59 55.10 19.53 48.85 51.85 29.17 38.81
Head and Hands (4) 46.38 77.70 77.47 61.81 77.62 27.24 63.04 63.35 49.54 64.51
Head and Hands (5) 47.38 73.30 73.46 45.30 56.02 27.47 60.27 59.57 34.19 43.83
Walking Motion (1) 50.00 74.00 73.23 49.46 67.75 29.94 62.19 64.05 41.67 59.88
Walking Motion (2) 46.91 71.30 71.22 43.21 64.12 29.40 56.95 60.65 32.80 53.24
Walking Motion (3) 49.38 74.08 74.39 50.62 70.84 30.32 64.05 64.74 42.75 59.96
Walking Motion (4) 50.78 75.85 77.47 53.32 74.16 32.33 65.51 66.82 45.37 63.81
Walking Motion (5) 52.01 76.08 75.77 52.62 74.77 34.11 67.59 66.67 43.21 64.05
Walking Motion (6) 46.99 74.85 74.70 50.39 68.75 29.63 61.81 62.35 41.90 56.95
Walking Motion (7) 49.85 75.24 76.62 54.17 70.76 32.41 66.51 66.59 46.76 61.11
Walking Motion (8) 50.85 76.62 72.92 54.09 75.00 33.41 67.75 63.97 44.76 62.04
150 cm 200 cm

Condition A B C I D E A B C D E

Motor noise 27.86 64.20 64.20 54.02 71.61 19.83 54.01 54.01 49.93 61.96
Right hand (1) 19.68 56.02 56.33 48.69 63.20 12.27 45.60 46.38 43.36 53.17
Right hand (2) 15.36 50.70 49.54 38.97 55.40 9.57 41.44 38.89 31.79 44.29
Right hand (3) 21.37 56.56 56.49 47.30 61.73 12.89 46.53 46.92 41.82 51.86
Right hand (4) 20.99 56.02 57.10 45.37 60.50 12.50 46.30 49.23 41.05 48.46
Right hand (5) 18.52 55.48 57.95 47.46 59.96 11.27 46.61 46.76 42.59 49.69
Left hand (1) 18.83 54.55 53.32 41.20 54.48 10.73 42.29 44.22 35.19 45.84
Left hand (2) 13.81 47.38 47.46 35.80 46.92 6.71 36.65 37.89 30.56 38.12
Left hand (3) 21.45 55.25 54.63 46.53 58.80 12.74 44.76 47.15 40.05 49.54
Left hand (4) 16.82 50.00 50.31 27.63 38.74 10.34 39.51 39.67 21.07 27.86
Left hand (5) 19.91 54.01 52.55 41.82 55.94 11.19 43.75 44.14 36.50 46.76
Both hands (1) 15.20 51.01 49.08 37.50 53.40 7.79 39.05 38.50 31.72 43.06
Both hands (2) 15.44 49.00 47.46 39.82 51.78 8.57 38.82 40.20 31.87 42.67
Both hands (3) 16.52 45.99 48.38 36.50 49.46 8.57 35.42 39.43 30.56 38.74
Both hands (4) 15.13 46.61 47.15 37.27 51.24 7.56 36.35 36.96 31.71 41.51
Both hands (5) 15.59 49.00 50.00 40.82 53.86 8.41 39.35 41.36 34.80 44.68
Head (1) 13.74 36.89 40.13 22.61 33.95 7.02 26.78 30.63 16.59 23.84
Head (2) 21.68 51.62 51.47 37.58 48.23 14.81 42.05 42.60 32.57 42.28
Head (3) 18.45 51.01 50.62 33.26 47.76 11.81 41.13 42.29 26.93 39.74
Head (4) 11.81 24.62 30.87 14.82 21.69 7.26 19.83 25.46 12.58 17.52
Head (5) 10.57 28.47 32.87 18.91 25.85 6.56 21.22 26.39 16.36 20.61
Head and Hands (1) 20.84 52.55 53.86 33.03 45.99 14.20 41.67 45.14 27.93 37.97
Head and Hands (2) 19.91 44.14 48.46 23.54 36.81 13.66 35.88 41.05 18.91 29.86
Head and Hands (3) 9.11 38.04 39.66 20.84 28.40 4.94 27.39 30.41 15.97 21.68
Head and Hands (4) 15.21 50.23 50.54 41.98 54.09 8.49 38.97 42.59 35.42 43.98
Head and Hands (5) 16.67 47.77 46.76 25.54 33.80 9.11 37.27 38.58 21.22 24.77
Walking Motion (1) 19.29 52.09 54.32 37.11 50.16 12.12 41.13 42.13 30.87 40.43
Walking Motion (2) 18.68 45.68 48.23 27.78 43.98 11.58 36.96 38.04 21.92 34.49
Walking Motion (3) 19.29 51.47 51.00 34.11 50.31 12.19 42.21 41.75 30.25 41.28
Walking Motion (4) 19.91 55.10 54.09 38.20 53.17 12.35 45.06 44.06 32.64 44.99
Walking Motion (5) 20.91 55.09 54.02 37.66 54.56 12.42 45.99 45.60 32.33 45.30
‘Walking Motion (6) 17.83 51.55 51.47 33.42 47.22 10.50 40.90 40.66 28.32 38.35
‘Walking Motion (7) 19.91 54.40 55.02 40.28 51.01 12.97 44.37 45.99 34.11 44.06
‘Walking Motion (8) 20.45 55.71 51.32 36.03 51.62 12.89 43.37 42.60 28.86 41.90
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[ 50 cm. Il 100 cm
l Condition F G H [ I J “ F G H I J
Motor noise 82.26 84.42 85.65 84.34 85.27 60.11 79.56 78.94 76.39 79.48
Right hand (1) 80.71 82.87 82.33 79.25 83.18 57.87 73.15 73.23 66.67 75.78
Right hand (2) 73.77 75.54 77.09 73.62 80.87 47.84 65.97 62.89 57.49 72.54
Right hand (3) 79.55 80.79 80.94 77.24 81.87 55.02 70.45 70.22 63.35 76.54
Right hand (4) 81.64 83.64 83.80 81.18 83.41 55.40 70.53 72.30 68.98 75.23
Right hand (5) 79.63 81.33 81.87 78.94 83.80 54.63 70.99 71.30 65.82 75.85
Left hand (1) 78.71 81.18 83.65 80.17 81.95 49.54 66.05 70.22 65.05 73.23
Left hand (2) 73.30 75.62 77.01 72.61 78.55 45.53 58.88 61.04 59.03 68.29
Left hand (3) 80.09 82.33 82.95 80.25 83.72 55.40 68.14 71.14 68.75 74.62
Left hand (4) 63.97 68.52 71.61 70.29 78.78 36.04 49.92 55.33 53.16 68.75
Left hand (5) 78.25 82.72 82.10 79.48 82.03 52.47 67.06 69.68 64.74 74.00
Both hands (1) 76.78 78.47 79.17 76.55 80.79 46.53 63.43 66.28 61.88 71.84
Both hands (2) 76.00 77.93 77.55 73.31 78.94 48.15 61.96 62.89 57.79 69.14
Both hands (3) 74.69 76.39 77.01 74.08 78.40 45.76 60.34 62.35 58.65 67.67
Both hands (4) 75.39 77.62 78.55 75.24 78.78 47.30 62.35 63.20 58.64 69.83
Both hands (5) 77.63 78.16 79.09 75.85 81.41 50.16 63.58 65.67 60.65 71.22
Head (1) 58.49 62.50 64.74 66.05 70.76 30.40 43.98 47.61 50.54 58.57
Head (2) 69.83 73.84 76.31 76.93 75.16 44.99 57.25 62.89 63.97 65.97
Head (3) 69.29 74.54 77.32 78.55 75.93 40.20 55.79 65.13 65.36 67.21
Head (4) 31.10 36.88 39.58 47.53 51.39 20.06 27.55 28.40 32.95 41.67
Head (5) 37.50 41.36 41.75 45.30 50.23 24.00 30.95 31.79 33.03 42.83
Head and Hands (1) 68.21 75.62 78.86 79.48 77.32 39.12 55.17 64.20 65.82 67.59
Head and Hands (2) 60.50 67.52 70.45 76.47 71.22 31.33 45.68 56.18 60.03 58.49
Head and Hands (3) 58.49 64.28 66.28 64.20 70.61 29.17 38.81 50.16 46.76 56.33
Head and Hands (4) 78.40 80.17 80.86 76.16 81.56 49.54 64.51 66.90 60.58 70.76
Head and Hands (5) 56.10 62.58 64.43 65.20 73.61 34.19 43.83 49.00 48.61 62.43
Walking Motion (1) 70.99 67.67 64.58 55.79 76.39 41.67 59.88 48.92 40.28 64.43
Walking Motion (2) 65.28 63.04 59.03 51.01 73.61 32.80 53.24 43.60 36.19 60.81
Walking Motion (3) 74.38 74.85 72.30 62.89 77.62 42.75 59.96 57.10 47.46 68.36
Walking Motion (4) 74.08 73.92 71.22 60.42 79.17 45.37 63.81 55.48 45.99 69.06
Walking Motion (5) 73.46 77.78 78.01 74.62 81.10 43.21 64.05 65.59 58.95 71.69
Walking Motion (6) 71.92 71.99 69.76 61.66 76.93 41.90 56.95 54.94 45.37 67.13
Walking Motion (7) 74.70 74.85 74.08 66.75 79.17 46.76 61.11 58.72 51.39 70.22
Walking Motion (8) 72.23 76.47 76.55 71.99 79.94 44.76 62.04 63.43 57.26 72.15
150 cm 200 cm

Condition F G H I I J F G H I J

Motor noise 71.22 70.60 69.29 63.74 73.69 49.93 61.96 59.80 53.94 66.75
Right hand (1) 63.97 61.81 61.42 55.25 67.75 43.36 53.17 51.70 47.07 59.73
Right hand (2) 53.32 48.23 49.08 45.83 62.96 31.79 44.29 38.89 34.26 52.01
Right hand (3) 62.04 58.80 58.57 52.94 66.75 41.82 51.86 48.69 44.99 59.11
Right hand (4) 60.58 58.64 60.50 55.79 67.67 41.05 48.46 50.62 45.68 60.03
Right hand (5) 60.34 58.34 59.42 55.02 66.51 42.59 49.69 48.69 44.37 57.80
Left hand (1) 57.95 56.10 57.18 54.71 62.89 35.19 45.84 47.76 45.76 54.86
Left hand (2) 47.92 46.45 48.30 47.61 56.72 30.56 38.12 38.43 36.81 47.23
Left hand (3) 60.88 58.72 58.87 54.86 65.05 40.05 49.54 50.00 46.15 58.95
Left hand (4) 38.35 41.82 42.90 42.83 59.73 21.07 27.86 32.33 31.33 50.85
Left hand (5) 57.41 56.49 57.80 53.78 65.97 36.50 46.76 48.46 45.53 55.71
Both hands (1) 53.71 50.31 53.78 50.46 59.80 31.72 43.06 43.91 41.44 51.70
Both hands (2) 52.47 48.15 52.32 47.53 59.65 31.87 42.67 40.82 37.81 50.54
Both hands (3) 50.62 48.54 50.16 45.99 57.18 30.56 38.74 38.89 37.12 48.38
Both hands (4) 52.09 49.31 51.39 48.61 56.41 31.71 41.51 41.05 39.28 49.16
Both hands (5) 56.33 52.01 52.63 49.39 60.57 34.80 44.68 43.21 40.74 52.24
Head (1) 32.48 32.80 35.96 37.43 45.99 16.59 23.84 23.84 25.16 37.35
Head (2) 49.31 51.62 53.71 51.62 57.64 32.57 42.28 44.75 42.91 50.39
Head (3) 49.15 51.93 53.47 53.48 56.56 26.93 39.74 43.99 44.60 51.24
Head (4) 17.21 20.45 20.76 24.31 32.56 12.58 17.52 16.13 17.98 27.16
Head (5) 25.47 24.77 24.85 25.39 36.88 16.36 20.61 21.38 21.22 30.94
Head and Hands (1) 46.37 50.16 53.09 53.32 58.65 27.93 37.97 43.67 43.52 50.00
Head and Hands (2) 35.65 42.29 44.14 47.53 49.16 18.91 29.86 36.04 39.67 42.44
Head and Hands (3) 31.72 32.64 35.57 36.04 44.37 15.97 21.68 25.23 24.31 36.04
Head and Hands (4) 56.02 51.62 53.71 50.16 62.04 35.42 43.98 43.37 41.75 53.32
Head and Hands (5) 32.10 34.57 36.73 38.04 52.70 21.22 24.77 25.85 27.63 45.06
Walking Motion (1) 48.77 37.12 38.82 30.56 53.63 30.87 40.43 26.16 17.06 45.14
Walking Motion (2) 40.59 31.56 32.80 24.54 49.23 21.92 34.49 21.38 13.74 40.36
Walking Motion (3) 52.32 43.52 45.68 37.42 56.87 30.25 41.28 34.96 25.23 48.31
Walking Motion (4) 52.63 43.98 44.45 35.73 56.87 32.64 44.99 33.65 24.39 47.30
Walking Motion (5) 53.63 51.70 51.55 48.08 62.89 32.33 45.30 44.29 37.58 53.70
‘Walking Motion (6) 46.99 41.21 42.44 35.11 54.87 28.32 38.35 31.17 24.31 47.53
‘Walking Motion (7) 53.32 45.84 47.38 40.67 58.72 34.11 44.06 36.73 29.40 50.77
‘Walking Motion (8) 52.09 49.08 50.54 45.45 61.50 28.86 41.90 41.13 33.18 52.47
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[ 50 cm. Il 100 cm
l Condition K L M [ N O “ K L M N (e}
Motor noise 83.34 83.41 57.56 67.90 57.72 41.13 60.03 41.74 79.48 80.79
Right hand (1) 81.64 82.72 51.01 66.83 51.86 35.11 54.25 36.58 76.85 77.86
Right hand (2) 79.79 81.72 41.44 55.25 41.13 27.39 42.75 27.47 71.61 74.23
Right hand (3) 82.56 81.64 47.61 58.80 47.23 31.72 46.53 32.56 76.39 76.47
Right hand (4) 83.10 82.80 51.31 66.21 53.01 35.19 53.63 35.57 77.01 76.93
Right hand (5) 82.18 82.41 50.93 62.65 50.77 34.18 52.16 34.80 76.00 76.70
Left hand (1) 82.10 81.95 48.77 60.04 50.00 34.26 45.99 35.34 75.47 76.62
Left hand (2) 78.46 79.48 46.61 57.80 47.22 29.63 45.91 31.18 69.37 71.99
Left hand (3) 84.01 82.41 51.70 62.66 51.70 33.49 49.85 35.81 76.01 76.93
Left hand (4) 77.55 79.48 40.59 47.76 40.98 26.16 34.19 26.93 68.60 71.22
Left hand (5) 81.48 82.41 50.62 61.35 52.01 35.34 49.54 37.42 74.93 75.54
Both hands (1) 79.78 80.33 45.14 54.86 46.45 30.64 43.21 32.18 72.53 73.77
Both hands (2) 78.94 80.33 42.98 54.94 43.91 27.86 42.05 29.79 69.75 71.61
Both hands (3) 79.86 80.40 41.82 50.08 41.36 27.40 37.74 28.24 69.29 70.76
Both hands (4) 79.17 79.79 42.44 50.39 42.82 27.01 39.59 27.39 69.44 71.30
Both hands (5) 80.17 80.33 45.53 57.33 46.76 29.48 44.83 30.56 71.99 73.46
Head (1) 70.30 74.15 41.75 41.59 41.13 25.54 30.40 27.16 58.10 63.27
Head (2) 74.54 78.01 47.76 53.09 47.69 33.80 41.90 34.65 65.90 72.77
Head (3) 74.00 78.48 39.74 44.60 36.81 26.70 33.57 24.92 66.13 73.07
Head (4) 51.08 56.87 22.61 26.16 22.15 15.13 18.68 14.82 40.59 47.76
Head (5) 50.24 57.41 27.17 30.87 28.09 18.06 23.92 18.14 44.45 48.23
Head and Hands (1) 76.16 80.63 46.07 51.16 45.45 31.10 39.51 31.95 68.90 73.84
Head and Hands (2) 70.06 77.47 44.06 38.73 42.21 29.79 29.56 29.71 58.57 68.91
Head and Hands (3) 68.75 75.24 35.57 39.05 35.42 19.45 26.47 20.45 57.18 61.89
Head and Hands (4) 80.71 80.87 48.62 58.72 48.77 33.65 47.92 33.18 72.92 73.31
Head and Hands (5) 74.15 77.86 41.82 46.15 40.82 27.39 32.41 25.62 63.28 69.14
Walking Motion (1) 75.47 76.78 42.67 50.23 42.90 31.87 41.67 32.33 65.74 64.90
Walking Motion (2) 73.23 75.08 42.36 44.52 41.44 30.25 33.87 31.64 61.88 64.74
Walking Motion (3) 77.32 79.32 44.14 46.38 43.52 32.87 39.97 32.02 68.83 69.14
Walking Motion (4) 78.86 78.24 45.60 53.71 45.14 34.19 44.60 34.34 70.99 70.29
Walking Motion (5) 78.48 80.94 45.68 48.23 45.61 33.34 39.12 33.11 72.30 75.47
Walking Motion (6) 76.70 78.17 42.98 45.76 43.29 31.02 36.96 31.02 68.13 67.75
Walking Motion (7) 77.55 79.56 46.92 51.86 46.38 32.72 42.75 32.95 71.22 72.30
Walking Motion (8) 79.40 80.17 46.84 49.00 46.22 34.26 40.21 34.57 71.92 73.77
150 cm 200 cm

Condition K L M I N [e] K L M N [e)

Motor noise 73.92 73.85 30.56 50.23 32.72 25.39 46.91 28.71 69.14 68.44
Right hand (1) 68.60 70.14 26.39 45.14 28.32 20.99 39.51 23.00 62.66 61.89
Right hand (2) 62.19 64.12 19.29 34.18 20.14 12.96 26.39 15.13 54.40 57.49
Right hand (3) 67.52 66.51 24.00 38.51 23.92 18.37 33.49 20.53 60.73 60.80
Right hand (4) 68.37 68.60 25.46 42.67 27.16 19.14 37.04 21.76 61.11 62.35
Right hand (5) 67.44 68.52 24.38 41.67 27.09 19.06 35.04 21.61 58.72 61.65
Left hand (1) 64.43 68.06 25.23 37.89 26.62 18.44 31.49 20.76 55.86 59.65
Left hand (2) 57.48 59.42 19.83 34.34 21.53 13.43 30.63 16.05 49.15 50.16
Left hand (3) 67.52 67.83 23.85 41.98 25.62 19.76 35.26 22.30 59.57 61.88
Left hand (4) 60.19 61.88 17.13 25.24 17.98 12.73 20.14 13.20 52.39 55.79
Left hand (5) 64.82 68.13 25.39 39.74 27.55 19.37 33.03 23.07 55.87 59.57
Both hands (1) 61.42 64.66 21.15 35.34 22.92 14.66 28.40 17.44 53.48 55.48
Both hands (2) 60.50 62.50 19.45 33.95 21.45 14.43 27.70 15.67 51.63 54.94
Both hands (3) 58.34 60.73 18.06 28.48 18.37 13.04 22.53 13.97 48.92 52.94
Both hands (4) 58.03 60.57 17.52 31.79 19.06 12.89 25.00 14.66 50.39 52.47
Both hands (5) 61.81 63.58 21.92 36.42 23.15 14.89 29.87 17.59 53.40 55.56
Head (1) 47.61 52.24 17.59 21.92 17.83 12.58 16.75 12.97 37.96 43.98
Head (2) 57.79 64.20 22.76 33.42 23.69 18.75 28.48 19.76 52.93 57.72
Head (3) 57.57 63.43 18.75 25.31 16.29 13.97 21.61 12.81 49.93 57.64
Head (4) 31.10 40.28 11.96 13.28 11.65 8.72 11.35 9.11 27.09 34.42
Head (5) 36.66 41.20 12.42 18.91 11.73 10.26 15.51 10.49 31.72 36.27
Head and Hands (1) 58.64 64.82 23.77 31.87 24.00 18.91 26.70 19.60 51.55 58.95
Head and Hands (2) 49.46 59.19 22.69 23.07 22.30 17.13 19.06 18.44 43.29 53.17
Head and Hands (3) 44.91 51.08 11.88 18.90 12.89 7.80 15.59 9.03 35.26 43.13
Head and Hands (4) 63.74 63.66 22.07 39.58 23.92 17.21 32.26 19.06 54.63 56.64
Head and Hands (5) 52.78 59.41 16.44 23.46 18.44 13.43 18.99 13.58 46.07 53.01
Walking Motion (1) 53.40 53.55 25.08 35.42 25.24 19.21 29.94 20.84 44.21 45.91
Walking Motion (2) 51.01 52.39 21.68 28.70 23.54 17.59 22.84 18.91 39.66 44.53
Walking Motion (3) 58.87 57.95 24.31 29.94 27.01 18.37 26.78 20.14 49.69 50.70
Walking Motion (4) 58.80 57.87 24.77 36.65 25.85 17.59 30.17 20.68 49.54 48.77
Walking Motion (5) 64.36 64.89 25.08 32.72 26.55 19.68 28.78 21.61 55.25 57.57
‘Walking Motion (6) 55.87 58.26 22.46 29.02 24.31 17.90 24.92 19.14 46.69 48.54
‘Walking Motion (7) 60.88 60.96 24.62 34.11 25.39 19.52 28.32 21.69 50.69 52.32
‘Walking Motion (8) 63.12 65.05 24.46 31.56 26.16 19.60 27.01 20.99 53.78 55.48
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[ 50 cm. Il 100 cm
l Condition P C’ J’ C” [ J” “ P C’ J’ [ C” [ J”
Motor noise 65.90 90.78 90.00 96.74 94.65 57.49 84.03 85.04 93.95 92.64
Right hand (1) 64.66 87.45 89.23 93.18 92.48 52.39 77.37 83.65 83.95 88.53
Right hand (2) 54.17 81.17 86.05 96.05 94.42 40.51 66.67 78.76 89.85 90.08
Right hand (3) 55.63 85.51 88.14 94.65 93.72 45.53 75.35 81.55 88.07 90.31
Right hand (4) 64.66 88.06 88.61 94.27 91.86 52.94 77.29 82.95 88.68 85.51
Right hand (5) 60.11 87.75 88.68 93.10 92.17 48.92 76.51 82.64 82.10 84.65
Left hand (1) 57.18 86.75 87.44 93.34 93.18 43.98 71.86 80.23 86.44 87.83
Left hand (2) 57.18 82.25 84.19 95.50 93.03 45.60 65.58 73.96 89.46 90.16
Left hand (3) 62.35 85.97 88.14 94.96 94.03 48.07 75.66 79.93 88.37 89.85
Left hand (4) 46.99 81.17 83.33 96.51 94.96 32.87 67.05 71.79 90.23 91.01
Left hand (5) 59.88 87.13 87.76 93.57 90.54 47.61 72.87 81.01 84.88 82.40
Both hands (1) 55.87 82.79 86.20 92.95 92.56 43.06 67.75 79.07 83.72 86.36
Both hands (2) 54.25 80.39 85.66 92.48 93.10 41.13 65.59 75.27 82.87 84.88
Both hands (3) 48.69 80.47 84.96 91.94 92.72 36.65 65.20 75.12 83.57 86.52
Both hands (4) 50.23 80.31 85.35 92.64 89.85 38.35 64.19 76.59 85.43 78.61
Both hands (5) 57.10 82.87 86.21 89.69 86.13 44.60 66.83 78.76 78.45 74.27
Head (1) 40.20 73.33 75.28 93.88 92.64 29.94 57.06 61.09 84.19 88.30
Head (2) 51.55 84.89 82.56 94.81 94.34 39.66 72.33 74.04 90.08 90.93
Head (3) 38.43 85.04 84.03 95.66 93.49 28.09 69.61 74.27 86.43 88.76
Head (4) 26.39 55.43 56.59 93.72 91.79 18.60 43.26 44.96 87.52 85.58
Head (5) 30.64 57.68 56.90 94.19 92.64 22.92 44.88 46.98 87.37 85.97
Head and Hands (1) 47.22 85.04 83.80 72.41 72.72 35.42 74.81 74.35 61.01 57.68
Head and Hands (2) 36.73 79.00 78.84 73.49 71.16 26.78 67.83 65.74 62.72 57.60
Head and Hands (3) 36.81 72.64 77.21 87.91 87.44 24.54 55.20 62.40 75.82 75.20
Head and Hands (4) 57.80 84.65 87.68 93.72 93.26 46.92 69.77 77.13 84.65 87.76
Head and Hands (5) 42.83 81.01 81.71 91.47 90.47 30.09 65.89 69.15 82.17 82.10
Walking Motion (1) 49.92 82.02 84.27 93.95 89.77 41.28 71.79 72.10 86.67 81.09
Walking Motion (2) 43.06 78.76 80.47 91.79 88.61 33.34 66.28 66.36 85.51 77.29
Walking Motion (3) 44.60 83.33 85.66 94.19 92.56 37.19 71.71 75.12 86.51 84.73
Walking Motion (4) 50.70 84.50 86.20 94.34 92.10 43.06 73.72 75.74 87.06 83.26
Walking Motion (5) 45.30 84.73 86.44 95.04 93.34 37.97 74.19 80.00 89.69 88.45
Walking Motion (6) 43.06 83.18 85.20 93.49 91.79 34.80 69.23 75.51 85.50 82.95
Walking Motion (7) 49.46 85.20 85.04 95.50 92.79 41.59 75.12 77.83 89.15 85.35
Walking Motion (8) 45.91 83.03 87.13 94.58 92.79 37.73 71.32 78.69 88.84 87.45
50 cm 100 cm

Condition P C’ J’ C” I J” P C’ J’ I C” I J”

Motor noise 48.69 71.48 80.78 86.12 88.68 45.99 61.09 71.86 78.07 83.49
Right hand (1) 44.37 62.25 72.64 70.70 77.75 37.58 52.02 66.05 60.78 68.07
Right hand (2) 33.49 54.11 67.83 79.07 84.42 27.86 42.95 55.12 67.91 77.83
Right hand (3) 38.04 61.47 72.02 77.37 81.86 33.95 51.48 63.03 66.67 70.93
Right hand (4) 41.59 62.48 73.88 81.32 75.74 36.73 54.27 65.66 70.16 66.75
Right hand (5) 40.36 63.49 73.26 70.00 73.10 36.27 51.40 64.88 59.00 63.41
Left hand (1) 37.27 58.45 69.30 74.58 79.23 30.63 48.22 60.08 63.18 69.46
Left hand (2) 33.26 51.71 61.09 77.75 82.79 29.48 40.70 50.70 69.54 74.73
Left hand (3) 39.51 60.62 71.48 78.76 83.64 35.88 53.49 61.86 68.99 76.44
Left hand (4) 24.38 54.19 60.93 80.93 86.28 20.68 42.64 52.79 69.61 76.59
Left hand (5) 38.43 57.21 71.17 74.73 71.09 33.49 47.99 59.46 64.73 62.71
Both hands (1) 35.81 54.81 65.74 73.80 76.98 30.09 43.33 55.20 62.87 67.60
Both hands (2) 33.88 51.71 65.27 70.85 74.97 27.32 42.64 55.97 61.48 65.04
Both hands (3) 28.55 52.02 61.94 69.23 76.05 23.38 41.94 52.41 59.93 64.50
Both hands (4) 30.79 52.33 61.16 74.88 67.44 24.69 41.01 52.48 64.42 60.00
Both hands (5) 36.42 53.02 64.73 66.36 62.41 30.48 45.12 56.90 55.35 50.93
Head (1) 21.68 43.95 48.37 72.17 78.53 16.67 32.56 38.68 61.78 67.68
Head (2) 30.87 59.38 63.33 79.92 84.58 27.70 50.55 56.59 68.84 75.35
Head (3) 21.68 55.97 63.41 73.80 81.32 18.36 46.90 56.75 65.27 72.71
Head (4) 12.97 32.79 35.51 78.30 77.52 11.89 27.06 27.99 69.31 69.46
Head (5) 16.75 35.59 37.83 79.85 76.90 14.74 29.07 32.95 70.16 70.47
Head and Hands (1) 29.63 61.47 63.26 52.33 48.91 25.00 51.40 54.35 45.27 40.93
Head and Hands (2) 21.99 54.89 56.05 51.32 48.92 18.29 45.97 48.07 41.71 42.09
Head and Hands (3) 18.52 42.02 47.44 63.65 61.24 14.43 31.24 38.69 52.33 52.48
Head and Hands (4) 38.51 55.66 67.29 72.10 78.61 32.64 47.21 57.99 64.42 68.68
Head and Hands (5) 21.76 51.01 56.98 71.16 69.92 17.90 41.16 49.07 61.09 61.32
Walking Motion (1) 35.96 59.69 58.92 77.52 71.40 30.09 47.29 49.07 65.04 58.92
Walking Motion (2) 27.78 52.25 52.87 74.81 65.04 23.00 40.62 43.80 66.51 55.74
Walking Motion (3) 30.71 56.83 63.26 76.98 74.73 26.01 47.06 53.34 66.05 65.28
Walking Motion (4) 35.57 59.61 62.95 77.06 73.88 30.17 47.83 53.96 66.59 63.33
Walking Motion (5) 31.95 60.47 69.15 79.92 79.23 28.55 51.01 58.45 68.69 70.23
‘Walking Motion (6) 27.93 56.21 62.48 74.66 73.33 24.31 45.20 52.33 62.95 62.72
‘Walking Motion (7) 33.18 59.77 64.58 79.85 76.98 28.94 50.16 56.21 68.84 65.35
‘Walking Motion (8) 31.02 55.97 67.29 78.06 78.14 26.16 46.82 56.28 67.06 69.31
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Condition

A

Multi-condition (Stationary)
Multi-condition (Motion)
SS (each 1 utterance)

Post Filter

SS (for motion noise)
Adaptation for SS

White Noise Addition

MFT (voice+noise matching)
MFT (only noise matching)
MFT (known noise)
Unsupervised MLLR
Supervised MLLR

Acoustic Model

AM-1

AM-3

AM-2

AM-4

AM-5

AM-5

Condition

Multi-condition (Stationary)
Multi-condition (Motion)
SS (each 1 utterance)

Post Filter

SS (for motion noise)
Adaptation for SS

White Noise Addition

MFT (voice+noise matching)
MFT (only noise matching)
MFT (known noise)
Unsupervised MLLR
Supervised MLLR

Acoustic Model

AM-5

AM-5

AM-5

AM-5

1 frame

AM-1

1 frame

AM-2

Condition

C’

C”

b

Multi-condition (Stationary)
Multi-condition (Motion)
SS (each 1 utterance)

Post Filter

SS (for motion noise)
Adaptation for SS

White Noise Addition

MFT (voice+noise matching)
MFT (only noise matching)
MFT (known noise)
Unsupervised MLLR
Supervised MLLR

Acoustic Model

10 frame

AM-1

10 frame

AM-2

AM-3

AM-5

AM-3

AM-5
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[ 50 cm. Il 100 cm
[ Condition A B C [ d e “ A B C d e
Motor noise 59.19 83.34 83.34 36.34 71.84 40.44 74.23 74.23 30.56 60.34
Right hand (1) 50.93 81.25 79.63 28.24 66.98 30.71 67.67 68.60 20.83 54.86
Right hand (2) 45.45 77.63 73.84 25.62 63.35 26.00 64.97 60.80 18.83 48.08
Right hand (3) 51.32 79.63 78.55 15.90 62.35 32.56 67.75 69.60 12.27 47.76
Right hand (4) 52.70 82.64 79.94 26.39 66.74 32.95 69.14 69.83 19.37 52.78
Right hand (5) 50.70 81.02 81.17 25.08 67.82 31.10 68.52 69.99 18.60 53.40
Left hand (1) 50.31 78.32 79.79 18.98 64.66 30.48 65.05 65.36 14.12 46.84
Left hand (2) 44.60 74.69 74.38 25.31 58.95 24.31 59.88 60.27 18.14 44.06
Left hand (3) 51.55 80.25 79.32 15.44 60.65 32.72 68.21 69.29 11.19 47.15
Left hand (4) 47.45 74.62 74.85 18.60 55.33 29.32 60.42 60.81 13.74 41.52
Left hand (5) 52.01 79.40 79.94 23.38 65.74 32.72 65.43 66.05 16.90 49.23
Both hands (1) 45.07 76.70 75.08 16.29 60.73 25.31 61.19 61.50 11.19 43.98
Both hands (2) 44.29 74.54 74.31 23.15 55.87 25.47 59.18 59.88 15.59 41.90
Both hands (3) 43.60 73.61 74.46 19.83 55.56 25.62 58.10 60.65 14.90 41.90
Both hands (4) 43.37 74.08 74.38 22.69 56.56 24.62 59.88 57.87 15.12 41.90
Both hands (5) 45.91 76.93 75.47 19.37 57.72 26.01 61.58 62.50 12.27 44.29
Head (1) 45.84 63.89 67.21 26.00 55.56 23.69 50.23 51.39 18.21 42.29
Head (2) 53.25 73.23 76.16 21.53 52.40 34.57 59.80 64.12 16.82 42.36
Head (3) 50.39 74.31 74.92 17.60 53.16 31.79 62.04 61.96 12.12 41.28
Head (4) 29.94 44.91 50.16 8.72 24.77 17.83 33.88 38.27 5.40 18.52
Head (5) 30.79 46.22 52.01 7.87 25.93 17.90 34.88 40.97 4.94 17.44
Head and Hands (1) 51.24 74.38 77.24 23.23 56.41 33.57 61.81 65.51 16.51 44.06
Head and Hands (2) 51.31 66.59 70.99 12.50 45.99 31.18 55.79 59.03 9.11 36.65
Head and Hands (3) 37.50 63.81 66.67 16.13 49.54 19.53 48.85 51.85 10.80 36.04
Head and Hands (4) 46.38 77.70 77.47 22.38 59.65 27.24 63.04 63.35 16.05 45.06
Head and Hands (5) 47.38 73.30 73.46 16.05 54.48 27.47 60.27 59.57 10.73 39.90
Walking Motion (1) 50.00 74.00 73.23 33.72 62.65 29.94 62.19 64.05 29.56 51.47
Walking Motion (2) 46.91 71.30 71.22 28.09 59.11 29.40 56.95 60.65 23.38 46.53
Walking Motion (3) 49.38 74.08 74.39 33.11 62.97 30.32 64.05 64.74 27.16 49.85
Walking Motion (4) 50.78 75.85 77.47 42.44 66.52 32.33 65.51 66.82 35.11 52.86
Walking Motion (5) 52.01 76.08 75.77 37.20 66.21 34.11 67.59 66.67 30.48 54.63
Walking Motion (6) 46.99 74.85 74.70 31.41 60.27 29.63 61.81 62.35 24.85 48.23
Walking Motion (7) 49.85 75.24 76.62 37.12 65.59 32.41 66.51 66.59 28.94 51.93
Walking Motion (8) 50.85 76.62 72.92 34.80 66.13 33.41 67.75 63.97 28.01 55.02
150 cm 200 cm

Condition A B c [ d e A B C d e

Motor noise 27.86 64.20 64.20 22.69 49.15 19.83 54.01 54.01 20.22 43.44
Right hand (1) 19.68 56.02 56.33 17.60 44.14 12.27 45.60 46.38 14.58 37.58
Right hand (2) 15.36 50.70 49.54 14.97 36.11 9.57 41.44 38.89 11.65 28.70
Right hand (3) 21.37 56.56 56.49 9.50 39.20 12.89 46.53 46.92 7.56 32.64
Right hand (4) 20.99 56.02 57.10 13.66 41.98 12.50 46.30 49.23 12.19 34.88
Right hand (5) 18.52 55.48 57.95 13.58 42.28 11.27 46.61 46.76 11.89 35.50
Left hand (1) 18.83 54.55 53.32 10.58 39.43 10.73 42.29 44.22 8.65 31.64
Left hand (2) 13.81 47.38 47.46 14.74 35.42 6.71 36.65 37.89 12.81 26.63
Left hand (3) 21.45 55.25 54.63 7.49 36.88 12.74 44.76 47.15 6.56 31.41
Left hand (4) 16.82 50.00 50.31 9.26 31.10 10.34 39.51 39.67 7.87 23.23
Left hand (5) 19.91 54.01 52.55 13.51 40.28 11.19 43.75 44.14 10.96 32.64
Both hands (1) 15.20 51.01 49.08 8.57 33.87 7.79 39.05 38.50 6.49 26.86
Both hands (2) 15.44 49.00 47.46 11.89 32.02 8.57 38.82 40.20 9.26 24.38
Both hands (3) 16.52 45.99 48.38 10.42 32.87 8.57 35.42 39.43 8.26 25.70
Both hands (4) 15.13 46.61 47.15 11.03 32.33 7.56 36.35 36.96 8.03 24.31
Both hands (5) 15.59 49.00 50.00 10.34 34.73 8.41 39.35 41.36 8.80 27.40
Head (1) 13.74 36.89 40.13 11.58 30.95 7.02 26.78 30.63 8.03 24.39
Head (2) 21.68 51.62 51.47 11.27 34.72 14.81 42.05 42.60 9.11 29.87
Head (3) 18.45 51.01 50.62 8.64 31.64 11.81 41.13 42.29 7.18 26.70
Head (4) 11.81 24.62 30.87 3.55 13.81 7.26 19.83 25.46 2.47 11.81
Head (5) 10.57 28.47 32.87 2.78 14.12 6.56 21.22 26.39 2.63 12.19
Head and Hands (1) 20.84 52.55 53.86 12.20 36.81 14.20 41.67 45.14 10.57 29.78
Head and Hands (2) 19.91 44.14 48.46 5.09 27.86 13.66 35.88 41.05 4.48 23.77
Head and Hands (3) 9.11 38.04 39.66 8.03 26.39 4.94 27.39 30.41 6.71 18.37
Head and Hands (4) 15.21 50.23 50.54 12.04 35.42 8.49 38.97 42.59 9.57 27.78
Head and Hands (5) 16.67 47.77 46.76 8.41 30.87 9.11 37.27 38.58 6.02 23.15
Walking Motion (1) 19.29 52.09 54.32 23.00 42.44 12.12 41.13 42.13 20.45 34.73
Walking Motion (2) 18.68 45.68 48.23 18.06 39.89 11.58 36.96 38.04 15.59 33.26
Walking Motion (3) 19.29 51.47 51.00 23.30 41.13 12.19 42.21 41.75 20.14 33.80
Walking Motion (4) 19.91 55.10 54.09 28.25 44.83 12.35 45.06 44.06 24.93 36.65
Walking Motion (5) 20.91 55.09 54.02 25.31 44.22 12.42 45.99 45.60 21.99 37.65
‘Walking Motion (6) 17.83 51.55 51.47 19.37 38.04 10.50 40.90 40.66 16.82 32.80
‘Walking Motion (7) 19.91 54.40 55.02 25.31 44.06 12.97 44.37 45.99 22.15 36.88
‘Walking Motion (8) 20.45 55.71 51.32 24.85 46.14 12.89 43.37 42.60 19.76 38.28

138



g

O B7O0000000OD0O0ODOODOODODO 2

[ 50 cm. Il 100 cm
[ Condition f g h [ i J “ f g h i J
Motor noise 80.48 82.26 81.87 80.40 81.87 69.75 70.99 73.07 67.67 76.47
Right hand (1) 76.62 77.16 78.01 76.62 77.78 63.19 63.58 63.12 61.81 67.83
Right hand (2) 71.53 71.06 70.99 66.28 70.84 55.02 55.48 53.55 48.38 59.03
Right hand (3) 71.76 74.62 75.54 73.61 76.70 59.57 60.34 60.34 55.33 66.44
Right hand (4) 77.94 79.24 78.86 77.70 79.48 62.12 64.05 63.66 60.96 68.44
Right hand (5) 77.32 77.17 77.32 75.77 78.94 63.35 63.27 63.27 59.11 68.14
Left hand (1) 76.70 76.70 77.01 76.00 79.55 58.88 60.73 61.65 57.80 66.75
Left hand (2) 69.29 70.76 69.29 68.37 71.92 51.78 52.63 54.09 49.85 57.57
Left hand (3) 76.01 77.16 77.16 78.01 78.55 61.65 62.97 63.66 61.57 69.75
Left hand (4) 64.59 66.90 67.83 63.50 64.74 49.46 50.39 50.93 45.99 52.55
Left hand (5) 76.31 77.32 78.09 75.08 79.48 61.73 61.66 61.81 60.11 67.37
Both hands (1) 73.00 74.00 74.77 72.15 77.47 55.40 55.33 57.03 52.62 64.28
Both hands (2) 70.61 70.29 68.67 68.91 71.84 51.86 51.62 53.01 49.15 58.41
Both hands (3) 67.98 68.67 67.36 65.36 70.37 51.32 50.77 50.39 48.77 57.95
Both hands (4) 68.52 69.06 68.91 68.29 73.15 51.32 52.78 53.09 53.09 58.80
Both hands (5) 70.45 71.76 71.53 71.45 73.54 55.25 57.25 56.64 51.55 61.04
Head (1) 60.42 64.28 63.89 60.42 67.28 45.60 46.69 47.30 44.22 53.40
Head (2) 66.05 67.90 72.23 69.75 70.99 53.40 54.94 58.18 53.17 59.26
Head (3) 67.06 72.15 75.46 69.06 73.77 51.85 54.71 58.42 48.61 60.50
Head (4) 33.49 35.42 41.28 36.89 43.06 23.23 24.46 26.54 24.46 31.18
Head (5) 36.11 37.89 42.90 38.12 41.74 26.08 27.32 30.25 25.93 33.49
Head and Hands (1) 69.06 73.92 77.01 72.46 74.62 52.71 57.64 59.88 54.17 60.81
Head and Hands (2) 61.11 67.98 74.15 67.21 70.22 46.76 54.48 54.94 46.61 57.64
Head and Hands (3) 56.87 59.34 58.49 54.40 62.58 40.66 42.98 42.36 35.73 47.61
Head and Hands (4) 71.15 73.69 74.85 71.61 77.01 57.18 55.87 56.48 53.78 64.82
Head and Hands (5) 59.88 58.95 59.42 52.93 57.95 44.99 43.14 42.67 38.35 46.68
Walking Motion (1) 64.20 59.49 53.78 56.41 63.97 49.85 42.52 39.35 44.29 48.23
Walking Motion (2) 60.50 55.17 51.31 53.01 60.58 44.83 40.05 34.57 40.59 47.07
Walking Motion (3) 68.83 66.28 61.65 60.80 67.75 53.17 49.69 46.22 49.54 55.64
Walking Motion (4) 72.53 69.22 65.59 65.05 70.68 58.03 53.70 47.92 49.93 57.33
Walking Motion (5) 75.54 73.85 73.38 72.15 75.39 61.73 60.50 58.41 56.64 65.21
Walking Motion (6) 69.68 65.51 64.90 62.81 68.91 53.55 49.31 47.53 48.38 56.41
Walking Motion (7) 73.46 68.13 67.75 65.90 71.99 57.33 53.71 50.62 52.16 58.64
Walking Motion (8) 74.07 73.31 72.77 71.53 73.15 61.27 59.03 56.95 55.48 63.89
150 cm 200 cm

Condition f g h [ i J f g h i J

Motor noise 58.80 60.19 60.65 57.02 66.05 52.86 52.32 54.17 49.85 59.72
Right hand (1) 52.16 50.77 51.47 49.77 57.49 43.67 43.36 43.06 45.06 53.24
Right hand (2) 44.06 42.05 42.67 38.43 46.38 34.34 32.80 31.71 32.03 38.82
Right hand (3) 49.08 49.08 48.15 44.83 56.33 41.05 40.05 39.43 40.51 47.61
Right hand (4) 49.15 51.24 49.85 48.77 56.33 42.28 42.36 44.45 42.29 50.31
Right hand (5) 49.92 49.16 48.15 47.38 55.48 42.52 42.13 42.13 40.82 48.84
Left hand (1) 48.92 49.62 47.77 47.23 55.40 39.43 39.97 40.20 41.59 48.54
Left hand (2) 40.28 41.44 42.75 39.36 46.14 32.57 31.64 32.33 34.03 40.13
Left hand (3) 48.62 50.16 49.93 49.92 58.80 42.21 42.52 40.97 43.52 51.70
Left hand (4) 37.97 38.74 39.58 33.72 41.29 27.47 29.01 29.17 27.78 33.64
Left hand (5) 49.08 49.39 49.69 49.54 55.87 41.59 41.82 42.05 43.68 48.38
Both hands (1) 43.06 44.91 43.91 42.13 51.39 35.34 35.19 34.72 35.81 43.37
Both hands (2) 41.05 41.44 40.05 41.21 47.99 31.72 32.41 32.02 33.95 39.12
Both hands (3) 40.90 39.89 39.28 37.66 46.15 30.40 30.02 30.87 32.33 38.20
Both hands (4) 40.13 41.75 41.82 40.36 46.69 30.63 31.64 31.95 32.26 38.66
Both hands (5) 43.67 45.22 44.37 42.60 50.23 35.80 36.88 35.57 36.04 42.44
Head (1) 32.95 33.95 34.03 33.26 39.12 25.24 25.00 24.46 25.39 30.79
Head (2) 41.52 41.90 45.22 40.97 47.84 36.04 35.73 37.97 35.65 42.52
Head (3) 40.97 43.91 46.76 35.19 49.38 32.87 35.27 37.43 29.32 43.98
Head (4) 16.59 17.21 18.52 18.91 22.84 13.82 14.43 15.20 15.13 20.06
Head (5) 19.83 21.07 22.22 19.21 25.85 16.98 17.29 18.06 16.44 22.92
Head and Hands (1) 44.68 48.54 50.62 41.82 52.24 37.27 39.51 41.36 36.04 45.45
Head and Hands (2) 34.88 40.51 43.98 34.26 47.84 28.78 34.18 37.19 31.02 42.36
Head and Hands (3) 27.01 30.79 30.25 26.55 35.81 20.06 20.37 20.45 20.37 27.32
Head and Hands (4) 44.83 45.45 44.68 41.98 51.39 34.88 36.04 35.34 34.88 43.83
Head and Hands (5) 32.33 31.56 31.79 29.17 36.50 25.62 22.77 22.84 23.54 29.17
Walking Motion (1) 38.51 32.41 27.62 36.11 39.97 29.86 22.15 19.14 27.32 29.94
Walking Motion (2) 34.26 27.78 23.31 32.87 34.26 24.69 17.44 14.20 23.15 27.08
Walking Motion (3) 41.98 38.89 35.19 41.44 44.06 32.18 29.25 23.85 33.65 34.96
Walking Motion (4) 44.68 41.28 37.35 42.05 47.23 36.11 30.25 27.01 34.72 37.97
Walking Motion (5) 51.16 48.46 46.84 46.76 54.94 41.82 39.58 37.20 41.21 45.91
‘Walking Motion (6) 41.83 39.43 36.65 38.66 44.60 33.95 28.94 26.01 29.86 36.50
‘Walking Motion (7) 46.76 41.67 40.20 43.37 47.69 36.27 32.56 28.40 35.58 38.43
‘Walking Motion (8) 48.84 46.53 43.83 45.45 51.16 39.58 36.19 34.41 37.73 43.99
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[ 50 cm. Il 100 cm
l Condition k 1 M N O “ k 1 M N (e}
Motor noise 82.49 82.33 57.56 67.90 57.72 77.09 76.70 41.13 60.03 41.74
Right hand (1) 79.25 79.63 51.01 66.83 51.86 70.22 70.22 35.11 54.25 36.58
Right hand (2) 70.83 77.24 41.44 55.25 41.13 59.57 63.66 27.39 42.75 27.47
Right hand (3) 77.39 77.47 47.61 58.80 47.23 67.91 69.14 31.72 46.53 32.56
Right hand (4) 79.63 80.87 51.31 66.21 53.01 68.75 70.45 35.19 53.63 35.57
Right hand (5) 78.32 78.78 50.93 62.65 50.77 68.06 70.22 34.18 52.16 34.80
Left hand (1) 78.40 79.01 48.77 60.04 50.00 68.06 68.52 34.26 45.99 35.34
Left hand (2) 70.76 75.93 46.61 57.80 47.22 58.03 61.42 29.63 45.91 31.18
Left hand (3) 78.94 79.71 51.70 62.66 51.70 69.14 69.76 33.49 49.85 35.81
Left hand (4) 64.97 75.16 40.59 47.76 40.98 51.93 64.12 26.16 34.19 26.93
Left hand (5) 79.17 79.48 50.62 61.35 52.01 67.67 69.76 35.34 49.54 37.42
Both hands (1) 77.24 78.86 45.14 54.86 46.45 64.74 64.51 30.64 43.21 32.18
Both hands (2) 72.69 75.39 42.98 54.94 43.91 59.88 61.42 27.86 42.05 29.79
Both hands (3) 72.69 73.30 41.82 50.08 41.36 57.80 59.03 27.40 37.74 28.24
Both hands (4) 72.84 75.70 42.44 50.39 42.82 57.95 60.57 27.01 39.59 27.39
Both hands (5) 74.93 76.00 45.53 57.33 46.76 60.96 62.42 29.48 44.83 30.56
Head (1) 66.20 72.92 41.75 41.59 41.13 52.16 59.34 25.54 30.40 27.16
Head (2) 70.84 78.70 47.76 53.09 47.69 59.57 69.14 33.80 41.90 34.65
Head (3) 72.76 78.86 39.74 44.60 36.81 60.27 70.38 26.70 33.57 24.92
Head (4) 42.82 54.48 22.61 26.16 22.15 31.72 41.75 15.13 18.68 14.82
Head (5) 42.21 56.48 27.17 30.87 28.09 33.41 44.45 18.06 23.92 18.14
Head and Hands (1) 74.69 80.17 46.07 51.16 45.45 60.65 70.14 31.10 39.51 31.95
Head and Hands (2) 71.07 77.01 44.06 38.73 42.21 55.71 67.36 29.79 29.56 29.71
Head and Hands (3) 62.66 68.60 35.57 39.05 35.42 47.69 54.86 19.45 26.47 20.45
Head and Hands (4) 76.93 77.55 48.62 58.72 48.77 63.12 64.20 33.65 47.92 33.18
Head and Hands (5) 57.49 72.92 41.82 46.15 40.82 45.68 61.58 27.39 32.41 25.62
Walking Motion (1) 65.36 65.44 42.67 50.23 42.90 50.00 50.08 31.87 41.67 32.33
Walking Motion (2) 60.65 63.04 42.36 44.52 41.44 47.23 49.69 30.25 33.87 31.64
Walking Motion (3) 70.30 67.28 44.14 46.38 43.52 56.33 55.02 32.87 39.97 32.02
Walking Motion (4) 71.38 73.38 45.60 53.71 45.14 56.48 58.57 34.19 44.60 34.34
Walking Motion (5) 74.38 77.16 45.68 48.23 45.61 64.43 65.59 33.34 39.12 33.11
Walking Motion (6) 69.37 70.30 42.98 45.76 43.29 57.10 58.18 31.02 36.96 31.02
Walking Motion (7) 71.38 72.53 46.92 51.86 46.38 58.65 60.26 32.72 42.75 32.95
Walking Motion (8) 73.00 75.39 46.84 49.00 46.22 63.58 66.36 34.26 40.21 34.57
50 cm 100 cm

Condition k 1 M N [e] k 1 M N [e)

Motor noise 65.36 67.67 30.56 50.23 32.72 60.50 60.88 25.39 46.91 28.71
Right hand (1) 58.03 57.87 26.39 45.14 28.32 51.86 51.08 20.99 39.51 23.00
Right hand (2) 46.84 50.70 19.29 34.18 20.14 38.66 42.98 12.96 26.39 15.13
Right hand (3) 57.41 58.18 24.00 38.51 23.92 48.23 49.31 18.37 33.49 20.53
Right hand (4) 56.94 58.65 25.46 42.67 27.16 49.77 52.93 19.14 37.04 21.76
Right hand (5) 55.79 56.72 24.38 41.67 27.09 47.69 49.00 19.06 35.04 21.61
Left hand (1) 55.10 56.79 25.23 37.89 26.62 47.77 49.08 18.44 31.49 20.76
Left hand (2) 46.14 50.54 19.83 34.34 21.53 38.97 42.90 13.43 30.63 16.05
Left hand (3) 57.33 60.34 23.85 41.98 25.62 50.00 51.39 19.76 35.26 22.30
Left hand (4) 41.05 53.09 17.13 25.24 17.98 33.41 45.22 12.73 20.14 13.20
Left hand (5) 56.02 57.87 25.39 39.74 27.55 47.38 48.92 19.37 33.03 23.07
Both hands (1) 51.08 52.62 21.15 35.34 22.92 44.68 45.22 14.66 28.40 17.44
Both hands (2) 48.07 48.69 19.45 33.95 21.45 39.35 41.21 14.43 27.70 15.67
Both hands (3) 45.99 47.77 18.06 28.48 18.37 37.27 39.74 13.04 22.53 13.97
Both hands (4) 47.46 49.77 17.52 31.79 19.06 39.43 40.97 12.89 25.00 14.66
Both hands (5) 49.08 51.93 21.92 36.42 23.15 43.06 45.30 14.89 29.87 17.59
Head (1) 38.97 46.38 17.59 21.92 17.83 30.87 39.43 12.58 16.75 12.97
Head (2) 48.31 57.33 22.76 33.42 23.69 42.44 51.70 18.75 28.48 19.76
Head (3) 48.84 58.26 18.75 25.31 16.29 41.90 50.62 13.97 21.61 12.81
Head (4) 23.77 31.56 11.96 13.28 11.65 19.91 28.40 8.72 11.35 9.11
Head (5) 27.16 35.19 12.42 18.91 11.73 22.30 29.40 10.26 15.51 10.49
Head and Hands (1) 52.39 60.50 23.77 31.87 24.00 45.99 54.25 18.91 26.70 19.60
Head and Hands (2) 46.84 57.33 22.69 23.07 22.30 41.67 52.24 17.13 19.06 18.44
Head and Hands (3) 36.19 42.44 11.88 18.90 12.89 25.47 33.49 7.80 15.59 9.03
Head and Hands (4) 52.01 53.47 22.07 39.58 23.92 44.83 45.22 17.21 32.26 19.06
Head and Hands (5) 36.81 50.00 16.44 23.46 18.44 30.02 43.29 13.43 18.99 13.58
Walking Motion (1) 39.82 39.27 25.08 35.42 25.24 29.48 29.09 19.21 29.94 20.84
Walking Motion (2) 34.26 35.73 21.68 28.70 23.54 25.47 26.31 17.59 22.84 18.91
Walking Motion (3) 44.29 44.22 24.31 29.94 27.01 35.80 34.88 18.37 26.78 20.14
Walking Motion (4) 46.53 46.99 24.77 36.65 25.85 37.50 38.82 17.59 30.17 20.68
Walking Motion (5) 54.09 55.25 25.08 32.72 26.55 47.15 46.53 19.68 28.78 21.61
‘Walking Motion (6) 46.07 45.99 22.46 29.02 24.31 36.42 36.58 17.90 24.92 19.14
‘Walking Motion (7) 47.76 48.54 24.62 34.11 25.39 38.89 39.35 19.52 28.32 21.69
‘Walking Motion (8) 51.32 53.01 24.46 31.56 26.16 43.91 45.30 19.60 27.01 20.99
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[ 50 cm. Il 100 cm
l Condition P C’ Jj’ [ C” [ 37 “ P C’ J’ C” [ 3’
Motor noise 65.90 90.78 87.60 96.74 94.81 57.49 84.03 82.49 93.95 91.24
Right hand (1) 64.66 87.45 83.26 93.18 91.79 52.39 77.37 74.65 83.95 86.98
Right hand (2) 54.17 81.17 77.91 96.05 88.14 40.51 66.67 64.65 89.85 77.91
Right hand (3) 55.63 85.51 82.64 94.65 91.79 45.53 75.35 71.94 88.07 84.27
Right hand (4) 64.66 88.06 84.50 94.27 92.56 52.94 77.29 75.97 88.68 87.37
Right hand (5) 60.11 87.75 82.41 93.10 91.71 48.92 76.51 74.27 82.10 85.82
Left hand (1) 57.18 86.75 83.49 93.34 92.64 43.98 71.86 71.94 86.44 84.11
Left hand (2) 57.18 82.25 65.20 95.50 88.14 45.60 65.58 62.72 89.46 77.29
Left hand (3) 62.35 85.97 84.66 94.96 91.94 48.07 75.66 74.58 88.37 86.28
Left hand (4) 46.99 81.17 71.79 96.51 84.96 32.87 67.05 58.45 90.23 73.03
Left hand (5) 59.88 87.13 84.58 93.57 92.17 47.61 72.87 72.64 84.88 85.27
Both hands (1) 55.87 82.79 83.10 92.95 91.01 43.06 67.75 68.45 83.72 81.55
Both hands (2) 54.25 80.39 78.61 92.48 88.45 41.13 65.59 63.96 82.87 77.91
Both hands (3) 48.69 80.47 77.44 91.94 88.22 36.65 65.20 62.72 83.57 77.76
Both hands (4) 50.23 80.31 79.00 92.64 90.31 38.35 64.19 64.27 85.43 79.46
Both hands (5) 57.10 82.87 80.39 89.69 90.70 44.60 66.83 66.98 78.45 80.70
Head (1) 40.20 73.33 72.02 93.88 83.34 29.94 57.06 58.14 84.19 71.86
Head (2) 51.55 84.89 78.84 94.81 88.53 39.66 72.33 66.90 90.08 81.86
Head (3) 38.43 85.04 81.01 95.66 89.23 28.09 69.61 65.43 86.43 79.92
Head (4) 26.39 55.43 50.86 93.72 66.98 18.60 43.26 34.73 87.52 53.18
Head (5) 30.64 57.68 47.91 94.19 67.29 22.92 44.88 35.66 87.37 54.73
Head and Hands (1) 47.22 85.04 80.62 72.41 90.47 35.42 74.81 67.29 61.01 82.95
Head and Hands (2) 36.73 79.00 77.06 73.49 89.23 26.78 67.83 63.72 62.72 79.15
Head and Hands (3) 36.81 72.64 67.21 87.91 81.79 24.54 55.20 50.55 75.82 65.27
Head and Hands (4) 57.80 84.65 82.41 93.72 91.17 46.92 69.77 68.99 84.65 80.55
Head and Hands (5) 42.83 81.01 66.90 91.47 84.73 30.09 65.89 52.95 82.17 70.62
Walking Motion (1) 49.92 82.02 73.88 93.95 84.19 41.28 71.79 56.51 86.67 70.16
Walking Motion (2) 43.06 78.76 71.94 91.79 81.48 33.34 66.28 55.04 85.51 67.60
Walking Motion (3) 44.60 83.33 77.52 94.19 87.06 37.19 71.71 63.41 86.51 75.89
Walking Motion (4) 50.70 84.50 79.23 94.34 87.68 43.06 73.72 65.58 87.06 77.99
Walking Motion (5) 45.30 84.73 82.64 95.04 92.02 37.97 74.19 72.25 89.69 83.80
Walking Motion (6) 43.06 83.18 77.83 93.49 87.60 34.80 69.23 63.49 85.50 75.59
Walking Motion (7) 49.46 85.20 81.63 95.50 88.76 41.59 75.12 67.67 89.15 79.38
Walking Motion (8) 45.91 83.03 82.48 94.58 89.46 37.73 71.32 69.61 88.84 81.24
50 cm 100 cm

Condition P C’ J’ I C” I 7 P C’ Jj’ C” I J”

Motor noise 48.69 71.48 69.92 86.12 83.88 45.99 61.09 63.57 78.07 77.76
Right hand (1) 44.37 62.25 61.40 70.70 75.04 37.58 52.02 56.28 60.78 67.29
Right hand (2) 33.49 54.11 51.17 79.07 64.96 27.86 42.95 43.57 67.91 55.82
Right hand (3) 38.04 61.47 59.38 77.37 74.66 33.95 51.48 50.16 66.67 64.57
Right hand (4) 41.59 62.48 60.31 81.32 75.20 36.73 54.27 53.72 70.16 67.52
Right hand (5) 40.36 63.49 59.31 70.00 75.58 36.27 51.40 52.64 59.00 67.13
Left hand (1) 37.27 58.45 60.16 74.58 74.42 30.63 48.22 51.86 63.18 65.82
Left hand (2) 33.26 51.71 50.08 77.75 64.73 29.48 40.70 43.18 69.54 56.44
Left hand (3) 39.51 60.62 62.56 78.76 76.67 35.88 53.49 55.35 68.99 70.70
Left hand (4) 24.38 54.19 44.65 80.93 61.63 20.68 42.64 36.51 69.61 50.39
Left hand (5) 38.43 57.21 60.08 74.73 72.72 33.49 47.99 51.55 64.73 64.34
Both hands (1) 35.81 54.81 55.20 73.80 70.00 30.09 43.33 47.44 62.87 60.70
Both hands (2) 33.88 51.71 51.71 70.85 65.74 27.32 42.64 42.48 61.48 57.44
Both hands (3) 28.55 52.02 50.54 69.23 64.42 23.38 41.94 41.94 59.93 53.03
Both hands (4) 30.79 52.33 50.47 74.88 66.36 24.69 41.01 42.64 64.42 55.27
Both hands (5) 36.42 53.02 52.87 66.36 66.98 30.48 45.12 45.58 55.35 58.68
Head (1) 21.68 43.95 43.02 72.17 59.46 16.67 32.56 34.89 61.78 49.15
Head (2) 30.87 59.38 53.11 79.92 72.18 27.70 50.55 46.20 68.84 63.72
Head (3) 21.68 55.97 55.12 73.80 69.85 18.36 46.90 47.60 65.27 63.49
Head (4) 12.97 32.79 25.04 78.30 42.25 11.89 27.06 19.92 69.31 34.03
Head (5) 16.75 35.59 25.74 79.85 40.93 14.74 29.07 22.95 70.16 37.13
Head and Hands (1) 29.63 61.47 55.12 52.33 71.71 25.00 51.40 50.16 45.27 65.51
Head and Hands (2) 21.99 54.89 53.65 51.32 69.54 18.29 45.97 47.44 41.71 62.72
Head and Hands (3) 18.52 42.02 36.36 63.65 53.57 14.43 31.24 27.29 52.33 41.94
Head and Hands (4) 38.51 55.66 55.43 72.10 69.85 32.64 47.21 48.38 64.42 60.62
Head and Hands (5) 21.76 51.01 40.39 71.16 59.69 17.90 41.16 32.48 61.09 50.62
Walking Motion (1) 35.96 59.69 45.19 77.52 58.14 30.09 47.29 35.59 65.04 46.98
Walking Motion (2) 27.78 52.25 40.23 74.81 52.79 23.00 40.62 30.78 66.51 42.17
Walking Motion (3) 30.71 56.83 50.00 76.98 62.71 26.01 47.06 41.24 66.05 52.17
Walking Motion (4) 35.57 59.61 53.03 77.06 63.64 30.17 47.83 43.02 66.59 53.88
Walking Motion (5) 31.95 60.47 59.15 79.92 72.95 28.55 51.01 50.16 68.69 63.26
‘Walking Motion (6) 27.93 56.21 49.62 74.66 62.72 24.31 45.20 41.55 62.95 52.48
‘Walking Motion (7) 33.18 59.77 52.10 79.85 64.73 28.94 50.16 43.64 68.84 55.74
‘Walking Motion (8) 31.02 55.97 55.43 78.06 68.14 26.16 46.82 47.75 67.06 58.84
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