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Development of the Intelligent Interaction System
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Abstract

This project involves the development and construction of an intelligent interaction system for
an advanced home robot system. In this design, the interaction between the home robot and the
people in the family, the environment and other robots are considered. In the first year project, we
have designed and constructed two prototypes of home robot, the Easybot H1 and H2. This includes
self-developed hardware and software modules, including the mobile platform, DSP-based two-axis
motor control card, servo drivers, motion control modules, path tracking controller and the interface
design between the modules and the onboard IPC. A voice recognition system has been developed
based on a TI DSP DSK board. An average of 90% recognition rate is achieved with a processing
time of 0.76 sec. This module has been integrated into the robot motion control system. An
ultrasonic environment sensing system has been designed and implemented. Algorithms have been
developed to reduce the beam angle of ultrasonic sensors and increase the reliability of the
environment recognition of the multi-sensor system. In the second year of the project, we have
achieved a remote control of the robot through internet (through a PC, a notebook or a PDA). This
capability provides an easy-to-access interaction between the host and his/her home robot from
virtually any place in the world. We also completed a face searching and recognition system (FSRS)
using the on-board web camera. This provides the robot a capacity to recognize members in a
family and interacts with the member by following him/her or waiting for commands. Moreover, we
also designed and constructed a 3-degree-of-freedom robot arm for the Easybot. In the third year of
the project, we have developed the function of multi-robot cooperative localization and
map-building. In recent years, the problems in multi-robot cooperative sensing have been an
interesting research area. The simultaneous localization and map-building based on multi-robot
cooperation has been studied in this project. A method for construction of a 2-D environment map
based on vision system has been developed. Sensed information by multiple robots is fused using
Kalman filtering techniques to reduce the uncertainty of robot positions. We design a client-server
architecture to coordinate robot tasks. Our method has been demonstrated with experiments using
two mobile robots. Satisfactory experimental results are presented in this report.

(keywords : robotics, image tracking, ultrasonic sensors, voice control, intelligent systems,
interactive man-machine interface, multi-robot cooperative sensing, SLAM, Kalman filtering )
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EHEEHRAAHRBRE - ERE - HOHROEMEE AR  -RGB=ZREMBERYE
¥ % [ (color space) & 5 X B AR eI B & FFE AR FILA B R4 % A7 L RGB
ZEeIRBLEABEFERANECEB YT LBAEMENTHYEKB UK Y RGB =&
EH L FRE - /14 A Normalized RGB #y & # EHMEE BB Z » R A
Normalized RGB #9824 R S £y M P EFE M T BAEABBRLOREHBEY
ég,E o

BERBEEEAARAYN  BH2RECHE MMM BEmE LB
o BT B A RIITMER B — ARGFEL—I R o 7 ARR 64 35 BRI 0N 5 )
M BEAEE 2 KA FAE LA A 1.2:1 o 8 F BI04 - S AA] A Sobel &9 % %
HEM BB EEER > BRASEAMNNEREHENOBENE  REESF ey
DI ERFI YR > IRBRRILE -

EAREFLLTY  BRPESBEEENRMANFT 2> CETROETHER
oo KAV RAE 320x240 RN B E P HATHER L F RGO RERR - AT HRA
BRALFRE  URBEABRSA—EFFAREFIASL  FAUALETHRABEFTZ
A AREESEZMEN REA X MR Y 3 EORPE > RAEETRAR®
B> ROMEAMMFORE - B FEet X SR Y BEORPE Ao H%(T
— PR B A TR ARIE > xZAFAMBEBIYFZTFEE 98X
EPERIEH RYEBRATHRARER  OGQELG AR ML FTHYER -

11



B
FuR

A=
FHEXR

B+—= FerdAMmEMHETLER

HTREIRGPREINER RTARROWRERT L 2N EFEH—A7
%A% SR AT ERIEMF] ) MRV WAL E MG ZBERGEw  FARRET &
HERNRE ~RIMARBABERRREEREEEN) c EARGEA AT EREN
@ BAVE AN A LB ERICH AL > WFIBRENBELRA - AEH R W
HRZEMERN  RAWERE - AHERBAARBELERILRIZBRE O
(1) 4F#0(eReg) ey #aER
Q) MEReyAE
(3) MIREREARAE
B+=AFA%RRERBREMBORIIEE  COACREHMBHRNER - HHER
TEBEETRETARENRA -

ABRPFBAKREZNBO AL TRALZAKS AL > AT A S04 B 85 3 %17
RRIFFHER - BIA EB TR R PHRGFA BT TR - £t HMERE
% 57U % 4 #7 7% (Principal Component Analysis * PCA) &9 45 £ B /% & /% (Eigenfaces
approach) ¥} iz 3 %1% 1k 4 B 89 1b %k » B #) B Radial Basis Function Neural Network £ &
BB BHIREELEZANAEEAF oM EEE K-L B RERBE LA ER
B M ARG ik 0 BT AGISR ) 2 R BT AR A a4 B MR & 0 LR E M
B - BEEFHELBRE T B _HEROETN > A AR AT it

BN A BT ERERIAFREN > RIS TR g R LR BRI GEE ]
AT GBI R ER  TRARBRDGBEENE R RERRD B E
& o L2933 7k » B A Radial Basis Function #9384 4938 LA i 2 B a4 R » B &
4 Bp iF(Real-Time) & %, ° 23k » #4941 A Radial Basis Function 7£ AR 843 @1‘1&%)%
# > 3t B A A Normal Equation 7 /% 2R K45 RBF 942 £ - B A A 5k /3§ F 3% £ (Least
Mean Square Error » LMSE)/F % # 4m 3 6438 % > LA K413 51249 RBF 28 -
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(b) &BEMIEHR
B+ = RIABIGBEMME

AL BATC R A G Web Camera IRE AL AT ABRAL T ~ BR3RIH 25 R AR
oo HATHRE T 4 4K B SR B EAT ARPENA > B R AR 10 RBE
BA4fmBrRAET3MBIEHE 5 — A ARMRFTHERBFOFN - &
ZAIMAEBERSKAUEIARENE - RETHEF LR 8248 HRE
T 4 RAMEATILYH © B+ WA T A8 T ARGRA EERTRER - TR > R
A B AR 35 AAT AT IR BRI A BB MR B 0 MMk S AR B R AR 0 B g BATA
ARIEHEEE - BT w(@) A ARMERAER - B+ wb) A ARBRINER - L+ aaEn
R R ABEARBINLER B+ me)BREALTETAREHRER - B+w
()B4 ARSI > B ANBITERER -

BTREFAREASFRA LM EARAGIH RIS FREA R PRE
GREFFRERZARERAGESINFABEAL  Bh—FRAREAHBTAZ
HIEAG - BHEAZZNHAEE  RTHEFAFHRERERFAHEHORE B
CHARM A REPATHFT O - ABHRERT @ £HELELE —FARZ
2 BHEBANENAGRRIRBELAL > HHUF W ERETBHAOFTREHR - B
THRAZARBAHBIANFTARIHZTRER - TRT MR E NLAL = FIE R
BPap i B R AERARTEY - RRERBEAIERA SO AR EETiES
A B AR ©
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£

(b) FHREFXTBZ(GEIES
T BAR)

(c) BR3P 36 e (d) #FEBAZ L
o R EREE R R E HER BR

— (%

I |
<

BRI

By

Nt

UNis

EARESEE

NJimsBt

i

B+5 FAMSAHBEAMIZ AL
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TN FRABKBEAHBIAMFIRIGHZ TR

4T FRARBAZETHRE

AEZFEFLH I E BAIRMOCARBTHREZA AT HRERAFHEAKSA
HAEE AR E—FARRZIETHRAL  BREFZABRBAZIITABRIE AR - %3
PO BRBARTEZHEEATHESRE > FEETEAERF b o R By
AN WTUNARBAGIERREZ T - BEFRBZABAT —ERE > %
B b iy c B THEREX > FloR TR BB EESH  RBEATR
FRAELCHRERNENR  AIAZEEN  BREARSATRALEEMBATES - B+
CETETRIEZREARALZE B P EHE(Action) 4 T mEMAE  — A B AE L
FOby  —RARBANEZ IR - A5 EiFz > RBEATUAE TR
BMAERE > Wi AEZHOEHE  DRZINELUEEAL T BATHIKAE
RAHN B NG ER - RS APUTERR  EREZMEFTAEBABZ LT O ST AE
FHBATZARRE » ARG R R EBMN > T UMEAFAE A H AR S T UMK S
AR DUEATIES] - BB T HMAN T BAIREBESLL LR X > BT R
12\ DSK Board > B sbfE T AL RBWHZARBSAZTEEZ LTS - BATME
Az g8 AIERETE20 MR » Bk fEsbH 2 BEREZ N » 1 &7 A
AERSSLRABGHBRBEARETYRFTL  c FAKRSAZTTENEZR AT
EWH%E EZ QT 0AZMEIEY > AREGHIEH LS  BAFNEHEH LR LG YH
HEEEAT S RCRANFTR O PXUEFAALE - RXNEFTAHE -

18 EFRBRBAZIBREREFNBS 24K

AL BRI H] B XA REPPAIEHIM B AN EE > MBIFEGHITEH EZBNL
AR BANBIR L FE D RELIN BRI AENREL - AAKRAEANTHR
(Image-based) 89 G IRIEH] & %4 » BRI BFRIEARARIZEHGL > FELBEHE
ZRETERMHMERLE > BHAATARREDREOE | L EHAABBMED
AR TR o 2. IBINEAEFRIEFDE > THEZNERIES c AL P
LB E R E L) A 0 BLA R AR 3238 B T R A AR A A At o B xE Bk 4
#le BT ANARBRERIENELAAEMEE - ERAZATAHAZLEREMBEELEDEZO T
DB E b % E B ¥ A B (Desired Position)(Xd, Yd)=(160,120) -
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Speech
recognition

Command
, Robot state
Wait for
. D
calling
End

Task mode

\

Motion control
Wait for Acti
commmand ction Head control
A B
Information
\

Position
. Command
Verify . . :
information Velocity
command
request Path

Desired Position Chject Position Chject Image Input
Xd |, vd + - Xk, vk Seaching Feature
and extraction
Localization

Position Error
dz, dy

B e e ey s
© | Encoder
Coordinate ﬁxd + Tilt : Loy
,@ BTV

Transform a PID contoller :

e driver
Shaft Pan
Encoder Motor,
7
FID contoller | : .
TI DSP 0., : driver

TGS 320F240

B+ BIREHIES B R AEHEE

49 AT WA B AR R ZBRLEAZHARBARN

BBk BASTRETEANGRY > LAHARBAREA —SR£E Lehils -
HEHAOKREANT > HREZQGMAAEY “wheream 1?77 # 5 AL B soiE L AT
HERE BB BRE BRALNET, BHbo#k B A— 8886 REA R R4 Hi(navigation)
B & fu(localization) A JFF E& M) - A TREFEAFTARBSATHAT TR LB
B AR OR I 0 B —ERBHE AL RAF THETHRRERN KBS
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AMETABITERMAFREEXMN TN - AT EETARBTURB T ENZTAKS
A—BTEHEEEAY  UARRARBAZENTAHNKRE > RIMLAFZEFNA S
WBEARAEIL —HRGRELY - AR SR BEARBRITB Z 69 B 97 %
R B — B8 ARBIFFE R RETMN > REFFFEGER > BIMBIEE wTE
#3hE -
LERBABRET BBRMEFHEF —FREFAOTENZTARSALY - £53%
BRI @ RAFIEAE B R £ 328, 5 42 48 (Stereo Vision Module) » B 4 % ik B A B9,
B RAE M S AR IR Ed@ey USB port £ > # E#yF8 USB camera > R A & A 3
BARAGE  THRATHEBENERNERY G CERYRE > SIRAEL4—
{2 223% 7 2 » N RAVIELLE 6 BORHAIR LA B AE A 41 JF % 6918 A - F2 #4798 3K 89 2 USB
CCD Camera b > HMEREBEEERFTERED 4-5 Tk - HH BT B e
EFRAREZIL RN > CEEHABIER - BHALARMAERLEIBAESE
BAEBAN HP U RE GO RIVERAT B ER A S AFFR LA -
#5 A& 3L % AR F 0 A7 (static stereo analysis) & B 3% 2 £ ~ & W CCD #ERB L8 B1%
P u) AR A FF AL 6 0w RIFE R E R eE > BPIBF A EXRERZALBELRET
iTey o RERARGHEEFAZLT -
® X% #AH (Image acquisition) - i MELAH BRI R ERGVIZAEA LSBT FTHE
FHRE o RS20 B TR % bl bR AR MEE > R A AL MC300
WMk -

® 4 (Camera Model) © X 7] LA$% & 4% iE(calibration) » {2 b AP LB R T
ety MR R IMIR S EERMRA TR T AR AR XMRIE

® i #aER (Feature Extraction) : Fi 851% B 38 BT R 3t B R r9pr 18 243 5 1% 4k b 32
i e

® 3%51% It Fe(Correspondence analysis s, Matching analysis) : L4247, % 7% & #E &by K
3o B ESHAEEERELEE E R HEZ(Correspondence 3% Matching
point) &4 F 4% iR B ¥1 F #E M £ BB 42 o

® = 7 ¥ R/k(Triangilation) : #] A L — 3 BRAT &9 49 T BL26 AT A4F 2] 69 IR L B R A%
3D R P BRI -

R AR b S B AL AR IS B A 0 AL ER AR B BR P AR T A SR
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LB AT 0 — F B 6y Bk % 3L B2 1T Kt Stereo matching ) 0 T LAY B &Y
MAEZFBEBGRFTE A FTRBUANCOHEBSEYZIAFT(REAVGETE—TLE
KA At AT ZAFR) AR RPEFHFERZIT  CEROZFERAGCIEE
A8 % R PR AL AR % 04 SLRE UT BL Ok P R AR R A A 1% 0h 3 #64%R 25 4% (Conjugate
epipolar lines) & #4284 ( Collinear ) » s 337 £ 4% » 54548 F 3% ¥ & 25( Corresponding
points )RE £ — 4 4 50, [ P9 34T > T £ 4R 6945 1F BY A £ A5 48 4 49 & #h( Optical axes )44 %R
AFITREENARELGE (Baseline> MEFE P OagiEeg ) - MIOPETLETULE—
B~ — B E IR RFE AT B B L E AL BSR40 H44 F Conjugate point
&) F ik RE T X 4 & W #8 © Area-based (or Correlation-based or intensity-based
correspondence analysis) & Feature-Based algorithms - {2 & #3524 #| A MSE /&
7%(mean square error algorithm)&t& RGB % @& A R e g ey 5 - R A& A
MSE gHZ8iE - g BEEAATEFHRENREAST LAMER RGB X &
BATRARERECERRBOERE > RAECAZEETERIMFE > SHRGLLARER
(gray) & #4 3% #1(robust) #1 4% # (accuracy) » 3t 7T R AK R 5 £ PE B 3%k > MSE JE B A R 40 T ¢

MSHx,y,d)=
1 =l n-1

IIUE, c+iy+))—E, (x+i—d,y+))) + (1)

mn— izo

(E,, (cHiy+))=Ey (x+i=d.y+ )Y +(E, (x+i.y+))=Ey (x+i=d.y+/))'}

EY ERBGEME m-n BEREK]) - FMAFELFROCTERIERHU d HEE - %
#F MSE error A #0) » Bl Z dEABRMAAAERFINEL > BEWT

d,(x,y)=argmin MSE(x,y.d) ()
d

BERMEANFROFTREME > HEBEENMATR AL > Bebfasbtz A F4 %
(subpixel) 8945 & > R 3E o B AP 7 KEEEBE AT > fEiR D H3R £ -

1 B B BRI 7 RAF 2 4% HRAVE T LAA] A 2 AT #% % 4% 42 B (Camera Calibration)
P43 2] 9 3 0 M 38 58— 1% 7 o (image plane)’R R R EAR > 4o B —+FA75F
FIoF > A= A ey Lb I f4 0 AITT452] DA - AR AL S LS HPAIAK
BN AR - AR EARAR H I AT IR R ARAR IR B AT o

fix=2:X

_)X:xe

X 6 =tan" ? 3)

— D=Z7Zx(cos 8)"
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REZ
D
Ble T X
22 R4
£IE(D |G

B —+ SEaEsAR £ {8 @i AR

HMAAEAE R-G B e BV B HEREBMEANT - fRUILF X ATLA
AT ZMFORB AR F RIVET AR B AL @K A48 (artificial
feature) » SRALEM B AN F O HEF - AR BANF T ORMBEFLAREAST L
KER-G -B=#HALHNKKYE KMF-—FTHeRABAC»ENFIHER -G
B=f¥esA it shfMiefie B Eo#rR R-G-BEX HFR-G-
B XBERIEEARR > AIZT—BERME > RTRFR-G-B iR HA - HEF

T EHBEA F o 2L Soble 3£ E A & Hough % 3% 5k i 4744 % A F a9 81k o
4.10 @A FEE %

LB ANEBEMN T T KB LBREKSIEF  Serial Fusion, Parallel
Fusion . @A WEELE T AT EERAEBRLAKNRIZRS » KMAFIRERST
H R AR B AL RO R I © Sbake ik AR A B R84 B (Discrete Kalman Filter)
RERER

MARI ARG 2 Rk R LHIGAE > Bhok Rl ¥ R2 6B 2 Rk & L5142 > 145
2| R2 48 {7 1 RBAZ 4 B B &Y R &% & M (uncertainty) « M & 4% % AL B 69T 14 >
CAHMBAMERERCHZ LY RAEER - B+ — A7 REMEE > 2 (x.7.0) 5
BEANTBREEN =120 (x,y,0) BHREA]T FRAKEA 2 HEET - Al
BA2HEBAL ABRAZOEREANTERTA:

n Mr2 ,Cr2)
(Mri2,Cri2) (x,,7,.6,)

(M r22 ,CRr22)

(M Em1 ,CEC1 (M Rri2,Cri2)

(M r23 ,Cr23)
(%1, 31,6,)

Mri1,Cri)

e (X, V,.0 ..
orlglﬁ 0:0:00) origin

Bl—t+— %73 EmaE B—+— #3 s E
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x, +x,c0s6, —y,sin6,
My, =|y, +x,sin6, +y,cosb, “

6,+6,

CRI OCRICE12:| * g7 (5)
GCRICEIZ CElZ

Crir ZJ*{

H P J A Jocabian 451 » H &~ K A:

0 —x,sinf, —y,cosf cosf —sinf 0
J ={ 1 x,cos6,—y,sinf, sinf  cos6, 0] ’
0 1 0 0 1
RV o Bt BEEEC, 8 C,,, 2 848 i 443 (correlation coefficient) -
& BRAVLFT A 483 Bp 25 F 0y serial fusion ' fAALB] AT R o SLEFRAPI AT RAZ SR 0 37
fk4-(Parallel Fusion) > BAZBAE S @ RR X oo hgrbm—a - B =+ =% i 7| &
A AE 0 AT A EEdF 2 8 & B (Discrete Kalman Filter) & 32 & & #.:

(M g )1 = (Mg )y + K*[(M ) = (M gy )i 1 (6)
(Crin =(Cp) —K*(Cp), @)
K =(Co)e *[(Coi + (i [ (8)

H 9 K A+ 2 3% % (Kalman gain) o

—tZAEES KB ARBIGRE 242 E - B T Gaussian Parameter Buffer 7 % 17 A7
A B AL B RFE T S E > Mg & Cri > Bl BB 47 2% 4% 5 A6 GBI A 228> Mg & Cgj
1<i~j<n - RFMKBARI RBZ Rj 6> HMERERSHBRRBBEA L3¢5 LRITE
7| @b 0 RATELE B 7] akEH L4523 R1BRRI2 Rj 694 B RAEE S8 Mg & Cryj > B3 > R
BAELSMBABRRAR A EHF LS BNRELHEL - RERMIBAA G B @A 2K
AT P MRS 0 AR B A R WRA SO B I EREE S H My & Crj- RMEH
Bb % 314 3% Parameter Bus 4% Gaussian Parameter Buffer # % 894 B RaE £ 280 8 35 - 45k
MARERERET R RIS M ER S AN E RETHELH o EHRSAED 2
By R -

411 3 RBAXRBAORZEEEHZITR

Bt wAREEhBZAEE > B hARMEIBAEE AR BTN E/E
BN 0 AP S AF i s B R B E o BF(Clustering) &9 B9 45 > 2 B 09 805 B 7 B — SR FX 45 4 o Bh
B AR BT AR #& A A Decide Slope 77 3 ) B S8 2% s L 49 AL & > £ LSE 5 3 sA 5z /)
FHBHEFRRANAGE Yy =ax+bRx=cy+d RBABRTHREL  ATBAMAFEREAR
HIEL > AR ERRAE — KT K ysinO+xcosd=p & HATH KB 0 RABE
ATHE F 4% % B ok Rk A (Weighted Line Data Fusion) » ## & 14 4 £ 887 S b B 4R & -
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| Gaussian Kalman Filter Data I
Parameter Fusion Algorithm

| Buffer g

I L Mri Mgij

Serial Crij
Fusion

MR2j

—
I
I
|
I
N
/J_> Serial | Cry Parallel
I
I
I
P
I
—

\/

Parameter Bus

Fusion Fusion

Serial

Fusion | Mj
CRuj

B—t+= 2#%BARB GRS AEZBLE

BRI AERETBITABEZIEEANFTAMSAHI R H2-Hl 1 H2 S ARBEAER X
EEIEHF 0 ART R F AT 4 2 DSP Base # #43E 8% 4] -F > 3L &4 HIpx — A% PID £ AR 4%
B AEEGIEFOS TREBHEIEF S ANERBECEABHTZIL  ERMBEE
MHBEEEHRR - FABATLBeEEE%E TCP/IP BMIH T L XT IR BEALSEERAZ
Server-Client 2244 » U E R K 5 A@BRESIERHE -

Server X Z1F A48 A 9144 5 AR > R ESR B AMFRINBEE N 4
ZEAEABTHREREFINABREN B EAREERL S S AL BARE e TS
FHEEIRES  FAAMREBVARERE eBEHNEHEBRERBARR  wib—R > 54
SABGHEEGHEEEEEETEIARAR - MBEAFRRE WAL E SR BASIFTMEHRLE
AR RERG > TR T EFEBARGBRZI > © R T AT A 694 35 A(Client 3%) > & #
BAE RERAT > plof Bay B R~ @B FEE > 45 L T 3EE ® Server 3% > 4k
BF A& Server 3 RAF T LY BLAE > BAEIHREN OB BAGER VG IT/E > Mol
CEFEMFMBANIE - FARBBARBADGMOBNLBALR —EEBEES
(Wireless Access Point) » & #4548 55 7T AL A & Ethernet ey —E&H 2 > HME S A Lay
FEBFiEE ke B EEE Ethernet L8y Server » B —+ A A KRMZXIFZEHBA
Server-Client >~ & [ °

AR AM B A HI B H2 28 itk 88 AB B0 84T % M 85 A6 BRI T A3 238 35 3. [ 8 3
B EE o B =+ 8w 2D FRIRIEME - Bl =+t~ 4 Server s Z A Hl R L9 &
BB Bt tb)AREAH AEIYESE > LBIEHE Y A 660cmx660cm - B —
TP ERRBREARBSASBGURT 0 BEKBEREESAMERGBIRSHM B REKBT
B RIEILN B BRI o mANRF AT 2 415 Bk Bl @k-4-(Cooperative Sensing) » #F 2 /&K
% ¢y 3t 5] @k &-(Parallel Fusion) FAKEBRE P > FAFZX &R B —+ > b’ Hl 82 H2 ¢4 4
VERGAIMLE EHE R > AR LB EANAEZEHATINEREE -
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LSE

| yTax +bi
(%) —p| Clustering |—) Decide 1 (p.9)
1<i<n Sploe | > Plane
1. x=cy+ daH
L Weighted Line Data Fusion Map
Display
—tm BEMEEI AR
Client Server
LA N\
Robot 2 Robot 1
Request
Reply
Q TCP Protocal
Acess Point
—+% %# % A Server-Client 57 &
Size:660cm=660cm
X:H1 Pos
-:Global
—+x FEREAIHE
Size:668cmx660cm %:H1 Pos|Size:668cn*660cm ®:Doa Pos
Es- - ‘ -:H1 Map -:Doa Map
. B
F D
- C
D { E
b
| c
G A. B
(a) (b)

Bl—++ (aHl B2z (b)H2 B
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Size:660cm=660cm x:H1 Pos
T ‘ -:Global

B =+ Hl &2 H2 &1k B 24 2

2 ~&EFRuin

AHEF —FOPTHMBRMRER T ERAES AR A @Iyt 8k - ot gl
R s E ) DSP BiEiE e ko B T o BB AN BN F LR HES)
gl o AEESIES TP 0 AN TREEBHRIEN S BEERAESARBBARIGHREITE -
AT @ ANHEEGHERRRBBES G EARRARTE > ATARIR T — AR
TR EHEREERL T BEEMOBE MIRR D E LI - BN HEEFFIE
I PC 2o FTASFEE SRS R GHALPCHE R BHEAESHERMARNE - B
AR ERITIEF > RRITVERFIEE — IR BATEHEEFET X o @ AR ARIE
A%  BEWERASL REEEH AR - ZI—F A ANZE LA BILER ~ 2R
FI 5% A8 RE K AT B i RAR B3 B3R3HEH B S m ik eyl - £% -

FoFHPSTHMBM AR T AR BEACHEBBEL% ERAFTUEBPDA £ 1
WEERMBALEY - HHBEIRRRARYIE KPR EFERBZIAH A4 BEL
BEFTABRBARTABRBSAHSZZER BT - ABEHB I @ KARLE T —EAR
WHRAGEE LERANTRABRSAL  BREHAAZLSY - K3t T wm— FHpdm 9
WETES 0% PRRAETHHRLA S PEAZABRBALZRTRAR > TUHFS
—BARZFOFTABRKABRBSABREEZERN TS BRARSALERAZOIEET > i Tm
1k -

BEFHBATHRBMAF AT EE —FA TR BSARNEEZEE T —EAALERAE
RAETABEBEIROSBRBASEL2 S MARMEBROIBAEL24 LRI EREHESA
HE-RBUALFHRAERBEE P BB RUYABIIARTH L EBSABEEEI AL
HTATHRAGAM > MBBXREAAE RS ARRMF LB LB EAZA AT ERER
Bad HERETETENRENBV AT URBFEAVZTARBABLSEERAURTE
MREBFA R EZARANBZARFERSHALCER A BAE > AR 5B AR
RR AR EAREE A Z RN EARRREA LHEEALET AN - 8w e L WA A
ZHTERFI o
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N &R

AHEE " FARTEARBSARERAAR BRIZALAE  F_FRIRTHRBEAR
BEr B 2% £ A AN @ (Robot-man interface) % 448 F = F TR TR BSAL BT HEEH
Bl o LB AT EZIAIT > BRPIFRBEEBSAZEF T R EHBRES > AT LR
B M BAMINIREEGZ BRI LR RAERE M HABALH AL BB R - A3t
FXHRNBARFERHGLCERBEHR L AERIE B ARG ERIEIRFRAR
FER BT EA T ARAREAZHWBEATRAML > CARBIHFHRIANE BB %
X ICMT 2002 ~ IEEE ICRA2003 ~ IEEE CIRA 2003 ~ IEEE CCA 2004 ~ IEEE IROS 2004 ~ IEEE
SMC 2004 > #5725 69 3% XL 20 W AF 38 A 7 245 27 F1 -
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