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A study on mobile robots for supporting human guidance and navigation in indoor environments
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In recent years, various mobile robot systems that deliver documents and goods, guide visitors and patrol surroundings in in-
door environments, have been widely investigated and developed for the purpose of supporting humans in their daily activities.
When developing the robots of such types, it is very important to consider the interface for users so that the robots can be easily
called and operated by them, and moreover devise the solution of power supply for prolonged activity of mobile robots. Here, a
method for the interface has been proposed as a solution to call the robots by using a cellular phone. The method has two features;
one is to be easily available as the interface of robots because users are accustomed to their own cellular phone. The other is that a
robot called by user can correct its own location by following a given path. This can be done by making the robot read a barcode
installed in the environment as the robot passes through its way. In addition, as a new approach of the solution for power supply, a
battery support system has been developed that consists of a work robot, a support robot, a battery charge station and a server PC to
manage the entire system. While the work robot monitors itself, if its battery power falls down below a certain threshold, it requests
the server PC to support itself. Then, the prolonged activity of the work robot is realized by making the support robot deliver and
exchange fresh batteries. In the present paper, the details of the robot calling system by a cellular phone and the performance of the

battery support system formed with the practical mechanisms are described, and the experimental results are presented.
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Fig.1 A visible image (a) and its filtered image (b) of a bar-code

posted on a door
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Fig.2 A method of finding the distance to guide a robot from the cur-
rent location to the front of the bar-code

in the global coordinate system
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CCD I AT THRAGL L= M4 2 Fig.1(b) TH 5. R D/ —
a—Ri, A= RO AA—DOEMOBEICED, Mk
WP TOL O WIS NI A MEOBEHGR N ESND.

FEERTH WA —a—RR10ARD A —THERL S, B
N—20, HEAN—IZ1ZX LS TS, I fD5AKRE A
HZ—hE Y hEFEDY, ZHULH 2001012 R L TRY, aRvh
DEATERBENIC AN —a—REEULZEEND LA T
NODOREARE N —a—REXHT 272D DL D ThD. %
DEE Y MIT —HE YRR, ZOMEICE->TEHRE 5 E7%
B4%. Fig. WR$ /38— —ROF]T1%0010100101T, 54
FEERDOLTQND.

N—a—RZREO T DALE 1, Fig.20 micZilid st T
TRTENCAZ—FE YR TF —F Y hOBE AR BR T D s
225391275, ARy MIHLP LD EREND I m—3)1
JERE R TOERT OOLEEEZRFEFL TWAHDT, T v R
A= SN ESTRMOR T ETHBEITS. 2L, K4t
WAV N TN —a—RERE DL, RIZR 57
ETHOAEAMIET 570 OB B EREZE H 5.

Fig. 2127”3912, RAMRAY Y M OJFRER0%
T, B Ry b AA—a—RETO M, lzlcm]E, nRvhE
N—a—RDORTMHE o [rad] 2 155. ZDIx, lzlecm] b1
Ay heRT7OFLEDOEBREREcolcm], B> ecolem]ED
R A B rad] AR FEA. RE-72 o [radl& B [rad]h>Heo
[em]ERTEDAE v [rad]ZHHL, (DNEVERENDS
o— LS A TORR Y NOA B ex, gzlem]D3:RES. 2D
gx, gzlem]ER T OB ERE L DA FHETHZLET, mRvh
IERT O IERT AL EICEEN T AN TEA.

gX = CO -SIN ¥, ZZ = CO -COS J eoveerrneeenns 1)
ZZT,
co=\I¥ +I7, ﬂ:tan’lj—z, y=n—(a+p)

X

32 HEMERBREEORIEER

ARPIEICED A OALE RIS E OF AT 72, Fig.3lZ
FERREREE L BT O T T NN A5, ERES B IIA L
ZEHDER T &L, F601, F602, F603MD & RDR T 12/ —

Room F603 |

Room F602 | Room F601

ssseseenss Idenl Path

Corrected Path =« === Dead-reckoning Path

Fig.3 Schematic of the running experiments and their trajectories
performed in an indoor corridor
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Fig.4 Location errors of the robot actually runned for the ideal loca-
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Fig.5 System configuration for calling a robot and making it guide
with a cellular phone
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Fig.6 Configuration of the battery support system

R ITRDIRN. 22T, A TIE, (EEEHOrAR YN
b Ty TVERFEHe R M HELT, E¥EaRyb
DTNy T VT HFIEORREITo72.

51 AT LDOBE

Fig.6% T, KL AT LADOHERBLOEITINDHH AT
WZOWTIR ARG, FF, KAFAI2BEOuRy b OfFEn
Aob - ORAE(S T VIERFE ) 2R v he@ N\ T VAT —
vay, TEL TV AT ARREE T 5@V — PCTHERE
na.

Wiz, FIrENBHATE R ()~ (@DIEICHAT 5.

@FEEnRYMIEET, BONNTUEREZENL, £
DIRAESC B HEONL B & AN AT DE B — N ITE(F
T5.

()T AT LEBY — ST, (EERRy Ihb LI TLD
Ry T VIRIE LB E RS, BUBuR Y MMEE Ry
Ry XL 7 %170, Ny T VRN KA ETICE T HIFM %
HEL, Ny TFURT— T a IR L COAREE AR Y MRk
BEGE A D,

(RAErR Y ML, AT —ar TRELEZRMFEH YT
AL, (FEa Ry O EE R E B ORI BN HE
ITRIEAZEN L, #HH O ERBREITORND, fEEn
Ry MOBATETEITTD.

(DR NE, HOREEHERR Y MITI<E, Ry¥
V7 DI OLEDE RV B IE FiEE AW, ALl &
BMEEHAATUMEE R Y R v 745,

()21 DR Y MIHERHEN TWB Ny T HE 2ok
ZROTAYTIDZHEITY. O, i R 30T U
DR ANy TUNCBE AR EIBICER T 5. 0%,
Ry MIZOFEEEEZRNT, BB R Y MINYTIA
T—alRD.

ZDIIRV AT BEEBLITHIET, fEERR Y O NYT
VRBICE > TR FS TLEIITEHBHOHI RS, FoE R
LIEERTE OBENR RIS L > TR IAEED H ka7
EERR T DN TED. FEMIIARGRG SUTFED N, FH T
VAT LRSS LT, 2K ES DB, Tbb,
[N FUR B RS | T 2T DG B — ), (R
F OO EBHIETE], [Ny TURHsERE | [/XyTY
AT —ay T TR E T~ T,

52 VAT LKA EER

FBEHHEWEHEAL, NvT UV R—= AT LEEDOH
B E TV AR BAD SR 2 E 5720, EEORN
BR i C20E DO BIERBR AT o7-. EBREREEIIAFEI IR D
JiE T (1§240lem]) C, #iBrAR v M 31000[em] S icdh D IEER
Ry bOBIETHEIL Ty TVELZ T 25D THD.

Fig. TIZHEBREREEDOET VK ERT. OOBANIFHEL T
WARBHE R Y NS E L — S BORER EREE T, E¥
Ry RDOEBAICRELT- 7T — L (BA)EBIELCE



1735 mARyMNITH, RENO~y 72 RFFLTEY,
NR—a—RZkDH AL ERETEEZ AT, BEIcH
CALEZMIELRABEITL TS, ZEICIZOTRT LD
12, Ry MIFRAR R 72 1 TR S (X de S0 DRk & 12
n, @DINTH T I— N Z DR EICBIET HD
EMZ. LinL, RUAT AT, BEoRy b EERRy
% J5 CTIR .0 EARRT B EN7-#6BH I B = &, LED
ZRWEE AL EMETFEICE ST, @OREICIEMRR v
VTINAIRETCTHD. Rox o 7%, REEA Ny TV EEEn
RNy MZEEHL, A T VEEILT 5.

RN T 72 RIROEE T % Fig.8(a) ~ (IR 7. (a)DE
WALETHONMEE R YN C, FENCHLDONKTE R vk
THD. O)LFETIERE R Y M BWRAITRT. REn
Py NMIBIREFEEZ 5L, (EErRRy MO T d—)1
WIEEETEEIL, /E¥aRy bz G572
EMIEEZTTY. OITZ 0T THDH. ZOHE, 2B0aRY D
A ERRZEN4.32[deg JLL T ThHIIZE, R rR v b |l oA
ART —2ZHNT, FERIZRyF 7N TES(C). EDHD
RyT UG I ThCERY, RdgrRy MUloARME A
NyTUREErR Yy MIBEIL, EEaRy MUl 2

Area capable of docking

‘Work Robot

Sub-Goal
z IE /
§ T
o Y 7
2 ®@ '\\SZ//
=1 )
2 o
¢
i
'
=
T
QEIA#‘]
— @ —_
z ' 8
<] ! >
H | g8
= ' =
2 1
> :
(VAVAVAVAVASAYAVA"AYA
NAVAV \VaVaVaVaVaVvaVval
= i
] ]
5 ]
= 1
=] 1
(=} )
=1 ]
'
'
1
' -
'
N Support Robot !
s ©) ....................
&
X-axis
240cm Corridor

Fig.7 Schematic of an indoor corridor to make a series of performance
test of the battery support system with two robots
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Fig.8 Performance scenes of the battery support system by two
robots implemented in an actual corridor
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