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Abstract In this paper, we develop the multi sensor system, to get the sufficient
information of mobile robot’ s environment, Mobile robot user interface, based on
multi sensor system, can choice a suitable sensor by low—cost multi sensors and
then acquisition information from remote robot s workspace using auto
sequencing user display function, This research of multi sensor system is consists

of ultrasonic sensor, position sensing detector, and low—cost CMOS camera module,

8J4]o]:  User interface, Auto—sequencing display, Mobile robot, Multi sensor system

319



WA 20 B GE A 43
Ust F7holA A7 eE AT & A}]\% oroyst 3§
5 e A= A @AY 2R e A7,
BA WA 712 Hoz Ay, derld o
ARHEEHE AT ofe) sHEe) BEAY A7} A
Atk o F ABAF W ALGBH A& AT} 22
o] Az zestig] AAZ 0 9 gt} o= iio]
saels olgte] WEE Ad wAshH, A9 =
SRR B WAl Gl G9E dsa
SH 3G ZRE ARl WA YRS #E A7 of
of Hefgk 24 glo] Fastit] 1 BHo] YUeh, sAe
A 2R A, gRAg, AFHHE 5
o 4o g PYAIE AuL A2 GRE £
Y 1 =] gk, wal sl Hst Sl
£2 2R A7) AT 30 FAFANN A2 4o
59+ S 97l P AAED gon 1 9
SECU TIPS P TR P
o4 2ol AolA B AT AulL 2
Aol A AL8R 5 gonl, 4G 4580
H5d o] el sol g AT et WA ol
ML AHA 2R l‘fi At rds gt Aol
Fasitt (1, ] Zenn 7. MNEAS} AulA 2RI &
3 © A B3 A7 E +Pstglon, o
2 0|43} ?_]Z_P 75_1&7541?_] MRI (Magnetic Resonance
Imaging) 7i'do] B3 94 A5 HYoy 1 4l A
5 TH-EE AAHLE A o2 AgA XP"EW
= O]%ﬁ}‘ﬂ W2 AHA 715E Fdsted oMY &
8§44 7zt Perzanowski D = ol 25EE $I%t
g
A
[e)

[eZ

\

=

N rlo of [
g e
o
>.

O

-

~mg qleuolse] Bet ATE SO, ARY

Hit AEAE Bde AeT AU oiLE 3]
; 7549, 1 Aske 49 AolE o
@ & e AA P50 9T des
abelinh [4), FH-25 ABAEe] B E 2 AT

s 00 ol SAsla A e
#o A9 75l oo FU-2E ATAE e ol
LHANAE Slet Aol AR FH TR, Ak
TRl Aelo] Hzlo] ik TS0l qnk, olet HR<l
Z2Aat AAES ol AGRY AY ey 14
Azdezyeo] A% oz A4HoR AgHof
Aol e 9l [5)

FA-2E AedolA 7|4 27 4 FRE FHH
. AL JARTE o|8T ABAE Jloln A
71EAQ Q8 AL 7|HE Bl nfOAE o]&3 uY

AL T HEL ok 2o H3) B

o AUT ATAEE el Atk Ao Welg
= E‘_ 6]- E.;HO ‘I‘IEH /\].‘Q_Qt:] EE

Aol ciopeia] g FACI, ol H 359
NEL o5 F Frjkols 2R 2L o
59 2% Aofo] A8t [8. 9. 10, 11] ERHL
48 o83 oReA AA 9 BUEY 7%t

A %

23 xgu, pSD, o4 A4 THlE Fo| NS
o gstol ZRY| 29| AL BT 4 9, 2D L 3D
PAAEE HHT S Uk A AL AAAAY

2o 29 938 BYED T 5 Aot 12, 13], ARE 7
ARFUAN © R Sl 2R 4GS 9T 2
HEFels S4, A2, 2, B 2 g AAES ol §

ot ol QlT (14, 15, 16, 17], 223l wpAet UAj=
A 28] a&AH0E JRE Fu W] AT AHY
ol& ZEIHO Z YA 7|woltt EF oA =Y
2o ek HZLY A= A P& ARES jﬂﬂ"‘ﬂ
A 71«18, 1913, HERES o &3t ZHdYa J|e

o] 9t} [20. 21].

2 =2 QEols Zaae] mygleae] et
y-goltt, 7|&o] AdE =AY 7)sel dolE 7t
e 9 AHRE 7es FUIEReRN AR Hot
gelstA 229 7ls& AHE £ glom, Eg 2RY
o2AFs AT 5 Qe 7les AFcked 1 HH
"”1} AR A olFEEY A S ottt M
UuraQl Wy 23of| Azt st o]gste] 2R
HEE RUHY o= ot skARE it
A 4 e AR (ERY 29 H YR gAY
S Y o FE A7 BT AL ol AT AAt
Zdasitt, mebs shdeke] ol 2y giFoR
ZHillet7 ARAQ 25E 36 Zote AS A7t
e AYs 3T & e 25TAATE fé 919
5 it diAl AR kAN ek Al oF
30 =9 Wl FHY A WHAE AA Hi, SH=AY
AR G AZM ATE SAT AE AU
SAAA e FHeRk HRE AY Yk meEbA
2SI JAHOR 4B BE Ao 14
Al AFEE AA 7L B Q3 T} Position sensing detector
(o]st PSD)= ZaHAlAfel sl H2 AzZlE SATLR,
2SopAG] Hs) FAGee] F& EHS 2w ot
Azgel ZeupdAd] us AUstn 24 o
SHNA e HIAE gst WA Wa
Adst AE 24T 4 o] 2SuAlA9 Fxoeos W
1 A A A 4 Sl

ojo] & oM CMOS hiet ®ET, ZJTHAIA,
PSD & olg3tof thg AN ARl Aidehal, st
e AlA ALEE o83t AN olFgRES
Alofehs AREARIAl 2% #9119 #Fs ARHOR
deiE ¢ e Ae-AE AR AEo]AE Aeitt,
-2 AR QEslo|Al AgAsL 2R A3E
Ao Aege Aoz afots 4= 9l AT} 3HA 0
Aod MM BEE ol Hip Awstm Hust ¥4
AAE FHsab Fh 3 o7k AN §3 FHolA
o|%7ke] ANQ] 5 HALZ Wehsto] HAR 4 glow,
Al o7 YAl o5 AAS dAT & S *M s
s Ags Adeke As-dE AR
el A= AR TR FAFIA st Auls
2RIk Fogel glolA AR} AN e
de 3 ¢ ole dguolag Aggorn Ho
adtAQl AR AHEAR QE o] A HJ“J& Alsstzdl L
o7t Sl

£ OERe ohga gol FAHEM. 2 Ao
CMOS 7h|gkel Z5upAlA, “18]al PSD AlME o] 8-
O AllA AARL o] et WEs ettt 3 g
05 AN AlA o el At YeE 7lsdi.
4 A2 QIEHols stHef fAasde] As-HE 715
oot A 2o AN of dA Wi dig e
Agetlnt. 5 A2 AME o A4 AAES Ol%ﬂ
ojRRY Ag-de AEA IEHo|L HAWES

loloszim

320



J%
r>~

1419 3ug o LBdol Aol

gokith, whuoE Aok wgel o 2ES - | ans
o .
— 9

S|
=
Ao ¥ go] FHsof ot -

i - zYPEAe  AojRe AW gHer Uk
"y AReelo] FAANEE ol gt HAT = Yot AR
5° A0 e FANEAY HofE EAE HF Ao
gojgo] EAoiRe FEHoE TP JANGOR
| EAT 4 Yok AojEe) ZAoRE e AN
" 10cm - 30¢m) Sl Ao PSD AlAS] AR BT A
olg3te] FojEo] EAT Ao ANHL A4E 22
1:PSD - Ultrasonic Detect Area _)l: g}\u} Eq—E}/\i i%ﬂ'éﬂk]ﬂ PSD ]ﬂl/ﬂ% O]%B—Cq
vy TR gogol 2AY Aow diH: Axe FA4ILS
ZANZoRN FARUAY FhBS EAT & 9rt
E L oS A A S A AA GAGS olSslo] AL
2ol ZYPuAe  EAsH:  AhES  d4sn
FojBo] EAT Aoz diE: 94X AT & Uk
AR 224N S PSD AAfQL 22 E(cone) 54
e A ANE BojEe R FHS B3
15-2E s 08 olgrh= wgo] Q. olo] AojEe] Fe AU
B2 & b NS FYTFORN BR FHo
o T ay || e EAske AolRe] FejE Hrt AU BET & Aok
o coleq || GIOIEE || =A EEEET s 28e % = AN g3l ASE FFAA
0 | T T oa P (ZSupiA 9 PSD AA) 33 ol FAA (A=A 2
S 28 || =8 GAHA) %@ dueZe] Y THES AP
(2% 3). 259449 PSD AN ATE 23T 4 e
E4S A B ANRA, 2AY Fofe] FAZES
a9 2. oF AN A2 PSD AlMo] o|Este Z/AZIL F/AE AefE
shlgzke  2STAINE  AgSlY] EAse §F
MAYES AgSHch 2STAAY PSD AARHY
S}
H

S A EE AL 4 1)3F 2t
2. CI& MM A[AH
Z A A2Ee 3 Ao cMoS Fhuakel Al A<

W x Sonar VL[] + (1-W) x PSD_CV[il[j] (1)

i%# AL, a2lan ofg JHe] PSD AR HdETt FAHOAA W= Z2FuAIAL PSD ALY E9tof
(19 1), PSD ALN(GPOYOA2IYK)E 5V o g AYS | AMREE  AEAE  ouelw  Sonar OV
olgate], AHAE 10cm ~ 80cm of At FojES | PSD_CVI][jle 2ZTAASY PSD AINE o] §sto] S5
23 2 oty 2SuAMA(DUR5S200)0= 40KHz oAl AAFH S AHAE i, j HA HXH Aol &4 ool
S50, dom ~ 30em 717 BofEA] o Az Fgo) | A AAAAD A A g A= AEA
ot 28T Mo Zeone B4el e | VN ERASE clEeel T,

PSD AME SIHARlS] HohEe ZHahd] anpgols,

S PSD A Vel 23} 7 chief

PSD AIAZH 2T 4 Q= W) AojBe 2R

7kt ol &3 Helle %Xé% PSD AllA 9} Z5THAlA

7h A% BlEel AAE ol8stel Aolwd Adst

A& Asstedl AgdEd Tl AHEE o8-St

=

AP AARE 5T & gl e AAE
3 AohEe Azl

N

lo
i)
2,
ol
fo
g
5}
W)
X,
o)
N
NE
o
By
=

AN ARG HuEGS o]§ste] FofEo]
AAshe AFE G4 FAldl w7 {3 At
A PAN/TILT o) 4/3} &2 2/ 243 283},
PSD, 7helgt AlA=  “A5-d3 7] BE 9 dgoR
AHEEH, A5-AE 7] REA BA 7MY At

=]

321



o} PSD 7| 2}

ZBOHEDS| HBIFE B |
) S— |

TS HEde U EMde

B 1 ZSTMA 72lEE Yo dlofus

CEES 9l
Z ESTHADE ZiES 55t Lol
s ESTHIAT Z0I2S 258 Azigtol &t

ESTHIAV Z0I2S E58 Azlgol 32 8

M ez 2t
B ESTHIAVF Z0f2S 558 Azigtol 2t
VB | ZSTHIAD HOIES 558 Azigl oS 2t

B2 PSD 72iHE Y| dlofs
CEER 9l
Z PSDAINE HoNZE E5ta| elsith
5 PSDAINZH HoiZS E8t Azlztol et
L | DU okEE SEE R0l 52 B
2 2ot
B PSDMIATZF ZOIES Z3t Azlgtol Zct
PSDAINE HohEE £33t Azl 2ol 02 2

VB

B 3. AMBES HEt 7SRl £l 2o

2A0tH 4 of oj

z MM getol A8El= 7HSRITH elrt

S MM S0l ARl 7HBRI7E &iCt

M MM S8l MBE= 7HEAI7H £2 Folct,

B MM getol ABEl= 7ESRI7L At

VB MM S0l AHBEl= 7HERI7H 0j At
F(Sonar)

Distance {cm)
o 4 100 200 300 340 400

F(PSD)

Distance (cm)
[

79 5, PSD AL 2AF AT 244

siEEAg 9E

Fi{Weight)
4 s M B VB
Weight
0.0 0.2 0.5 0.8 1.0
a9 6. 7HA Y A&t
29 7. daBdoel A%-4% )5 BEE

4. CASY 0| XtS-H 7l H MM 2R
AA

41 MHE-2g 715

0 AN AaEe 2ol 2o Py Hje
ANE s, 2 AA9 dolgE taZd el 3
EAe o3t wgat oF A A29e CMOS

e mERYE G4 sSd, 452 ol
mRo ZuBAe XSty Anen ww @,



PR dde AR Y Aeole IRHEE
Hagdo] Ao F e mAT £ Q=
ShAAEA We AP F il Ao
8o dARY wef QAR Od 2iph R
BF 2N AEE dSsha, A5 25uMA9
HEE olgste] Aol AEHAA wHE A
AR e A3 25ulA 9 YEIE AR 1A of
Agetd g mAMAE WS, 25IMIME
olgst] AdeR IAEHE | FH} T ARA
dHols FE FRIAT wef MAAHE o 23t
Adeds QAsheE FAEE ¢ psD AlA HEE
g5t & oohd AN wWAHE T3 PsD AINE
olgstol 2AHE 2 EHUA AE HaEH oA
3 & AR QdHHolA S FE O Oh
Hagdo] Ae-de FudFe sg=s I3 T %
At

42 NN 23 ZA

AAY eHES wopst: A ofdu YE Pojth

AT & =olAde Al %%3 2] oo =m

ol 2T & Atk & Aol Agshe AlA = FhelE)

239, PSD *MOIE} AHEE AAe 25 A7
AAE AMgstct 7 A4S FALULT A= 53
oJAyo]  ®Fgro]  FAULT PIXEL HIGH VALUE 9}
FAULT PIXEL LOW VALUE ®¢ dof 3l&
FAULT CAMERA COUNT Z+e& 27 Azich, 7ot
FAULT #He] 7|22 4AA Y AR HUEE 59
EAE A £ Sle WY PIXEL e AAAH
ZheEte]  FEeR  mukslh Aok, 2SEHAIAS
PSD AlA 9] FAULT 242 2N e} PSD Aol A3
AAE AT =N 54 Thssitt, 24 7Y 2 uHAIA %L
PSD AlAM7E g53 A" AEE ol&ste] T AAY
dold HiE 3 FAULT & AR 259 AA Y
FAULT HMJA] FAULT SONAR COUNT & Z7hA7]aL,
PSD AlA9] FAULT HHJA] FAULT PSD COUNT &
7,

5. C}E MMAJAEIS 0|25t 0|S 28| X}=-
H QE oA A

=R AR g Al A2EE o]gdt
2RO A5-A3 AHEA QAEHO|AE o] &3 AL
8 I T FYTAAN At AEAE
olF2EE  Start  AHOAAFE  Target AH7IIA
YA NA AofEE Fusty ojFREE 2FITh
AR DA A AHEEE T A AIAEE o] 8%t
O FREY AF-AE AEA Ao AE IH 9 &
2tk QEgo|A sHHe OMOS ekt RS uHAlA,
Jejal PSD AlA9] g ofgdte] Ao wet Hdst
KA 9| & Agste Aol i},

o

u
offt ot OPH r

50cm

300cm Target

200cm
|

Start

(N Obstacle

AL ]

LI |
. -

o & - HasEes
-

)

. = .
Ultrasonic PSD o o o o

I 0, thE A ALHE ol 83 oFRRe AE-A

Mean of Completion Time [sec]

1400

H
I~}
=3
53

100.0

e
=)
)

AH8A QlE o]

AR IO THE £A|ZH

W Expert

 Beginner

B8t
Ex

B
o o>

17 10, ARl w2 AR S Hlolg

323



MBA e 2F 2

25

20

15

M Expert

1.0 - Mpeginner

Number of Error [Number]

0.5

00 -

HEZF Z=HT
18 1B

a9 11 ARgAe] uhg 22F 0.7 flojE

Aol A71gh e F 8 HeE e o] FiEd

dole(1y 1 244 2F Hs A e AL
o 4 g}

6. 48

28e 2F] A% A4 AEsolak 2ol
Agste AN HaEdo] WAL w7 ol dn
golgel  9AE  Awdom  mASE W

4
ANTFORN 2EES B
zAo) 4§45 A0 9L 4 U

S
[1] IFR UN-ECE, World Robotics 2000,
[2] J. Heinzmann, and A, Zelinsky, “A

safe—control paradigm for human—-robot
interaction” , Journal of Intelligent and
Robotic Systems, 25(4), pp. 295—-310, 1999,

[3] 7. Zenn, J, Jung, and K, Park,
“Human—friendly Man—Machine Interaction in
Smart Home” , IEEE International Workshop
on Robot and Human Communication, pp, 177—
182, 1996,

[4] D. Perzanowski, A, Schultz, W,
Adams, E, Marsh, M, Bugajska, “Building a

Multimodal Human—Robot Interface”

)

Intelligent Systems Publication Date, Volume:
16, no.1, pp. 16—21, Jan—Feb 2001,

[5] A. Green, H, Huttenrauch, M,
Norman, “User Centered Design for
Intelligent Service Robots” , Proceedings of
the 2000 IEEE International Workshop on
Robot and Human Interactive Communication
Osaka, Japan, pp. 161-166, September 27—29,
2000,

[6] H. Yanco, J, Drury, J. Scholtz,
“Analysis of Human—Robot Interaction at a

Major Robotics Competition” , Journal of

Human—Computer Interaction, 2004,

[7] B. Maxwell, N, Ward, and F, Heckel,
“Game—Based Design of Human—Robot
Interfaces for Urban Search and Rescue” , CHI

2004 Fringe, 2004,

)

[8] S. Zhai, “User performance in
Relation to 3D Input Device Design” ,
Computer Graphics 32(4), ACM, pp. 50—54,
November 1998,

[9] S. Zhai, E, Kandogan, Barton, A,
Smith and T, Selker, “ Design and
Experimentation of a Bimanual 3D Navigation
Interface” , Journal of Visual Languages and
Computing, 3—17, Oct, 1999,

[10] J. Lapointe, N, Vinson, “Effects of
joystick mapping and field—of—view on human
performance in virtual walkthroughs”

Proceeding of th 1% International Symposium
on 3D Data Processing Visualization and

Transmission Padova, Italia, June 18—21, 2002,

[11] H. Hasunuma, M, Kobayashi, H,
Moriyama, T, Itoko, Y. Yanagihara, T. Ueno,
K. Ohya and K. Yokoi, “A Tele—operated
Humanoid Robot Drives a Lift Truck” , IEEE
International Conference on Robotics and
Automation Washington, D.C, pp. 2246—-2252,
May. 2002,

[12] J. Park, Y, Lee, J. Song,
“Intelligent Update of a Visual Map Based on
Pose Reliability of Visual Features” |,

International Conference on Advanced Robotics,

Jeju, Korea, August 21-24, 2007.(3D)

[13] H. Ahn, I, Sa, J, Choi, “3D Remote
Home Viewer for Home Automation Using
Intelligent Mobile Robot” , International Joint

Conference 2006, Busan, Korea, pp. 3011-3016,

Oct, 18—-21, 2006,

[14] J. Trafton, N, Cassimatis, M,

Bugajska, D, Brock, F, Mintz, and A, Schultz,
“ Enabling Effective Human—Robot

Interaction Using Perspective—Tacking in

324



Robot” , IEEE Transactions on Systems, Man,
And Cybernetics—Part A: Systems and Humans,
Vol. 35, No, 4, , pp. 460—470, July 2005,

[15] K. Kim, K, Kwak and S, Chi,
“Gesture Analysis for Human—Robot
. ICACT, pp. 1824-1827, Feb 2006,

[16] R. Mourant and P, Sadhu,
“ Evaluation of Force Feedback Steering in a

Interaction”

Fixed Based Driving Simulator” , Proceedings
of the Human Factors and Ergonomics Society
46™ Annual Meeting, pp. 2202—2205, 2002,

[17] M. Scheutz, P, Schermerhorn, C.
Middendorff, J, Kramer, D, Anderson and A,
Dingler, “Toward Affective Cognitive Robots
for Human—Robot Interaction” , Amerian
Association for Artificial Intelligence
(www.aaai org), 2006,

[18] Y. Ha, J, Sohn, Y. Cho, and H, Yoon,
“Design and Implementation of Ubiquitous

Robotics Service Framework” , ETRI Journal,
Vol, 27, Number 6, pp. 666—676, December
2005,

[19] H. Yanco, J. Drury, “A Taxonomy
for Human—Robot Interaction” , AAAI
Technical Report FS—02-03, pp. 111-119,
November 2002,

[20] D. Ryu, S. Kang, M, Kim, “Multi—
modal User Interface for Teleoperation of
ROBHAZ-DT2 Field Robot System”
Proceedings of 2004 IEEE/RSJ International
Conference on intelligent Robots and Systems,
Sendai, Japan, pp. 168—173, Sep. Oct, 2,
2004,

[21] R. Sharma, V, Pavlovic, T. Haung,

“Toward multimodal human—computer
interface” , Proc, IEEE, vol 86, pp. 853—869,
May 1998,

325





