Li&RY L st
2005$L§i+ﬁi+ﬁm11m

U

Hﬁ%ﬂ%&k%l\_l_
AALAE B
I1’E1‘JL%U&9§%%*B'Z7I<

s fE&E: BEX
e . MiWMHERKEA DU
e S . B X4

5 L™ oy o
i “'"*.." : J ' ‘ i
e
T, zz!l —
ﬂﬂhdll'

.'l---quﬂ‘




G l)(\”///%‘}
bisxysmse 001280773
2005 F HBXFE TSI 101

0

%%M%A%LL
AM@EMmﬁ




E B4 B (CIP) iR

2005 4E ¥R -2A 00830 55 2 B/ M e
wRem. — ¥ B R REE, 2009. 6
ISBN 978 -7-81118 - 367 - 2

I.2- T.f&- . EE—22RL LT
2005 1V.G643.8

o [ A 4 CIP Bk (2008) %5 180878 &

2005 £ FiBKFH T FEAiE
—%2%8
Mg R B RRA H RRA AT
T Bk 99 5 HREL4HAD 200444)
(http: //www. shangdapress, com %&47H4k 66135110)
HIRA . BRek E
P RUBR S kA IR R HERR
Mgl AW ED ) E ] K HH A LR
FrA 890X 1240 1/32 EPEK 274.25 ¥ 7641 T
2009 4F 6 45 1 iL 2009 4F 6 A% 1 YEPRI
EP%. 1~400
ISBN 978 -7-81118-367-2/G « 490 E#: 980. 00 75 (49 )



Shanghai University Doctoral Dissertation (2005)

Information perception and feedback
mechanism and key techniques of
multi-modality human-robot
interaction for service robots

Candidate; Zhao Qi-Jie
Major: Mechanical Manufacturing and automation
Supervisor: Tu Da-Wei

Shanghai University Press
» Shanghai -



b K

FRXEEMERAZ2RZRFE, HIAFE
E RS AR R R EK

EmER2LE.

E4F
%5

U

: By
: $4F
&
8 i
“®H %

ES

B, LR TR AR
B, LB REIIRR
L, BT RAEH b
L, LM RFAYLA B
B, LW RAHLA B
iz, Bl RE

200030

200030
200093
200072
200072

200072



TR AL F .

gy
284
Ri=t

AL # .

& *
BE X
L £ 3
®"TE

]z, B R TG L
P EARBE TR AEMER
L, EIERE A s b &

B EHESRHUR TR~ B
A B RFRREDUER
B, LA REYLA
B FIPF R AU AR R

200030
200237
200072

200030
200072
200030
200080



EOREZE DY 2 SO VRIS

REAXARAFHH LA BENBAZBEANK T R
S0 Bk TAEUE B A8 R, AAME B ANF% A B 47,
HRBENBALGRE S RZ MG EAZFA. RHAFINEER
BRMFALFRLAETHERANIZ . ATZENEL
BRMNAA. # X903 T £ 2RI AEANT ALK F & .

(D A AE—RHD”.“BF L PR A EFRH
BHRGANK LR B8 AL, R T AR 88 2 —
MM TARARX, B4R T S ANE 1 6 TAE fi e KA

(2) RA—F+4k A FhiE RIRF R T AL B (AL A
B ABEBEIE LB EEFRELEN T E RETA
R X LB AR P k30 E KA IE .

() LT —FEAT Agent MAMR ZHRZRER, HE
BRAGOEABEIERE —FANX LA ELIEFHTR
T ks 7T VAR UK, Y AV B & 8 T

(4) SFRA—REB—IBA)” AL A Pl &
BRIFT TR RE—FAIKL/EF/ A6 X
ZERIERAAR R, ]S T AP SIS Iz b fo s L3013
Bty Bsmtt /.

WX R CRAHERT 5ARMAMLGE A
SE B E, EAEHRABE LR ZEREANE 18R, B
TTRBOHBGE S . LR FTW, ERSA,BELLS, K
PoT . AT AR T, &) AR MR R, ) R



ERER 2R R

ZEBRERALAE,LAZAZEAIRLARNFHE LS
XA, 2R T L F4.

ERER2ER. B8IER
200549 A 9 H



R

MELBUACKEN PP ERKNRE, A TER
H N REANPERSNEAFEINEACLZE K S
FRARMER. AT EAMSINEAL AP 6 HKF#wx
HEMFNBANES L BEAR S, AR DR B G Al
RERARAHNEE. YHWRSNBEACEREFANXE
EHENET S AL THE—SHREZE.
HAAEEABREALR P ERSNBAXR L H A,
#RRHFR T ANEE B R o K ALE, R % B AR
REFE EAT—HEASACEARPER BB LAH
BAANKE A%,
HEEEFRTDWHE—BE7EF—F R HARE R
REELERYANKE RGBS, R T AR B —
S TR, B LA R W, R D T EAE
BN THAE RETRENTESATHRE. A TREN
B BA XL REARE LR P LB EEEMNER
BRI T-—HENFELELA AN EGRER A AR -E
R AERE, AR - AR A P AR E RN E
i H T K ETRANA P LB BT E Y. R
BT —MET Agent W KA BANK IR REZ, BT A
MXEWA PR S ANZEHI, REANZ L HAER
RY-—AESLARNEENESETEE L, ARETE

1 4————



2005 % LK
WAt |

Z(Frame)WERBA T AR T AR EBE R A MR L A#
TTEXEHXREEX#A. XUA—FRE—NBEA"HE
BMWAPEIRJTTAR BH—RIEEER S RHEK
MAEZRTIN S BRI BHR L EXGRATREN T &, H
BTAPHRER G ERNRBMANKL LW B AR K.

EEIHMBSIWBASHA PR A—RE—HE
(N’EBRZEF , A AN EFRRB T EXANKXELRT
HAERFAR . FAETEALRA P (EEABEASONME
BEMANXERE; AANIRREB T ELHAINK EZX
NEEIBRSH, AR ITHEEXET ZRFAR.FAET AKX
BRAEIRSHNTE RIETSHERAREBERERL F
EWARE.

KEE BEVBA FEEANKE, AP B, XTI,
& B R 5§ K



Abstract

With the increase of the elderly population and the
growing health care cost, the role of service robot in aiding
the disabled and elderly is becoming important, and many
researchers in the world have paid much attention to the
healthcare robot and rehabilitation robot. To get natural and
harmonious communication between user and service robot,
the information perception and feedback ability, and
interaction ability for service robots become more important
in many key issues, but currently these capabilities of service
robots are in preliminary level, therefore, there is much work
to be done to improve the performance of service robots.

Considering the characteristics of service robots to
interact with the elderly and disabled, author systematically
researched the information perception and feedback
mechanism, and multi-modality human-robot interaction
approaches, and then set up a multi-modality and human-
robot natural interaction system which has multiple
information perception and feedback functions.

In the dissertation, firstly had a research on some natural
response modalities, such as eye-gaze input, speech recognition
and syntheses, and mechanical touch modality, and presented
the main-sub modality collaborative work mode for these
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response modalities, by this collaborative method, the work
load of single modality has been decreased, and the work
efficiency and interaction robust for these modalities have
been improved. In order to improve the adaptation of eye-
gaze input modality to environment illumination, a set of
image capturing equipment and image binary threshold model
have been put forward, and some strategies and control
methods have been presented to decrease the influences on
the system caused by users head movement, by these means,
the adaptation of the system to environment illumination and
users head movement have been improved.

To get natural and harmonious interaction, a kind of
human-robot interaction architecture based on agent has been
proposed, and the user model and interaction protocol in this
architecture have been presented. According to the format of
the interaction protocol, a set of task process management
method has been put up in the light of task lifecycle, and then
at the semantic decision-level, the frame-based information
fusion approaches has been applied to integrate the interactive
semantics from different interaction modalities. Some work
on user telepresence in the “ Human-Interface-Machine
(Robot)” architecture, has been carried out, and a kind of
information perception and feedback method by multiple
modes has been presented, all these have increased the
naturalness for user to get feedback information and interact
with service robots.

Finally, in the “ Human-Interface-Machine ( Robot )”
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system formed by service robot and user, some experiments
about interface have been done with the cognitive psychology
test method, by this way, a kind of adaptive interface
catering to the elderly and disabled users personal
characteristics can be gotten, and some other experiments
have been carried out with ergonomics test method to get the
working parameters range of some response modalities,
moreover, this method has been used to verify the
effectiveness of the Multi-Modality collaborative interaction
approaches. :

Key words service robot, multi-modality, human-robot
interaction, user model, interaction protocol, information
perception and feedback
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