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Localization of a High-speed Mobile Robot
Using Ultrasonic/RF Sensor and Global Features

ol %4, 52 R U T
(Soosung Lee, Mungyu Choi, Jaehyun Park, and Jangmyung Lee)

Abstract: A new localization algorithm is proposed for a fast moving mobile robot, which utilizes only one beacon and the global
features of the differential-driving mobile robot. It takes a relatively long time to localize a mobile robot with active beacon sensors,
since the distance to the beacon is measured by the traveling time of the ultrasonic signal. When the mobile robot is moving slowly,
the measurement time does not yield a high error. At a higher mobile robot speed, however, the localization error becomes too large
to locate the mobile robot. Therefore, in high-speed mobile robot operations, instead of using two or more active beacons for
localization, only one active beacon and the global features of the mobile robot are used to localize the mobile robot in this research.
The two global features are the radius and center of the rotational motion for the differential-driving mobile robot, which generally
describe motion of the mobile robot and are used for the trace prediction of the mobile robot. In high speed operations, the localizer
finds an intersection point of this predicted trace and a circle which is centered at the beacon and has the radius of the distance
between the mobile robot and the beacon. This new approach resolves the large localization error caused by the high speed of the
mobile robot. The performance of the new localization algorithm has been verified through the experiments with a high-speed mobile

robot,

Keywords: localization, differential-driving mobile robot, active beacon, global features, localizer

L MB
RS 52 913 2R Ao e £l o]

=
e

.E, flr ok
o};] °N
ow

28402 Bo| $4HE Yol ur} G B
ER zma s3] S dalel AAE 222
3}-« Zio] FoHTh F3HH1.2). ig;q HE T3 3
ath plaming) |} AR TS BoNBE A5HOZ 8ul3)
714(Obstacle Avoidance) Z Zp2lo] YA E golsl=
JMTE ARt diitolth. mEkA, 2R FEFd HA
*‘(Localizaﬁon)g ZREIAA 713 JEAolm Q3
% sho|th
AAl e Jeeld AT aTEn o,
AN 2L AgSh ANl wet ) AR
oA SRR R BHEC, S9N o
THQ ez ojgRel Asch} HoANE B
wlolc) of Wl AlzRle] o] folsh AET A
o) Rick. aAR Fastol F/lee vl Fined Foz
Qa7 WASHZ, o] LA} A0 A8 SIxele] o
W U, Ea 994 £F 23e AAHOE olFAY)
Bkidoap) Al=Ho] Ao AESA S Bo) 3o
3.4}
GPS, HIWAIA,

o

¢

r—linrﬂmzrlr% ooy o2

7?

&4 59 AR, F& AFAR

f‘iﬁl* 7Va& 27t 2807 WAL sl

* ) 2 2 Corresponding Author)

=T 2008.12.9,  AHEA: 2009.5.1.

|4 #eked A 3158} 3 lsora@dreamwiz.com)

224, A, ol Fdidga AAH TR

(mintand@pusan.ac.krjac-hyun@pusan.ac.kr/imlee@pusan.ackr)

B a7 ANZAR 9 AnEAdrmiE Y maldriefg
Al dgos SIS (2008503301, AW ¢ A8 FY
Localization Sensor 712,

52 ol AUYAFAVIMEL AUHXFA7H
o8] WAEE A P"‘:s sasiErk ‘}XI?_P vlA A E
AR QAR 7IHE 2ol F
o W3t A4 4 9, dEs) lﬂ}«l T7} solgol
upbr dAlgke] Zlshe EAlEo] AUtHse]. GPSol <3k
AN AL A% <ol HYE A 2L A5 594G
o FA7IE W MXsof sk WHe| lrh7). Ed o]
7HEY EAL E49 ol £&d w} A7} %ﬂ
Gt Aolthsl SHHEFEA ARMIAY A%
2 A AY o] oAk BA" § ot 1402 EX]
A AL o]go= g AX A= ARL) o]RAL BEF 9
2S¢ Y8 225w AlZE B9 2] wEA| o)Fgo

24 oAt Eolvir] Wi Ak & F49 AAF

£ olE2Re A Huo =AY AA Hxol vls]
& A dE-S £3kskA "ol

B mRoiE agolsaie X Zo)7] A
NEFE A o uEAFAME AAJMA BER F
izl HS}O% g el wzAeke A8 "t o
AozRE ¥ A g 2R HA AHE o)L w
2 A $1x]914-E A9 1 Pl RFSF 22941
2 o] &3 XA ARl iGsel AT Tt giskd
W I FolME iGSE ol 83l ¥ =olA Aljtsle &
&S A v AN 4S8 5 dudEy B
& AZs T, v o R v Fox ZEL B=T)

ol
=

=
ol

z ﬂllﬂl

oiH}:Z'iLm

jur)

IL iGS (indoor GPS System)& 0|88} AlLf#{x{ol4]
1. M
olFEXe] HUAIIAE s vRlEl Al="gih)t 5



Journal of Institute of Contro!, Robotics and Systems Vol. 15, No. 7, July 2009 735

HFteceive R!a‘fi?i“ Beacon
Uty asonic b ansmittes ) P
: . *
fegcmn o ayz) RO
1 .
‘ G
# (x.v.5) 5 -
» - .
" o L

4

Haight

(Y] Locabzer

I 1.iGS¢ ¥iAL
Fig. 1. Arrangement of iGS.

~ Active Beacons-\ Localizer
5 - Caiculate
Sleep Mode ¥ Send RFID distance
Counter start
Detect RFID A
N Receive )
. #4 - USS signal
Send ook Counter stop PF:;?‘?;“
U/s signal . : g (x%.2)

I 2.iGs8 +& TZ
Fig. 2. Operating sequence of the iGS.

AEn A2 EAFAN FF AL 6sE AHEE
o] iGSE RF/ZSIAIMZ oozl wjF} 534N 4
2718 W3 Localizer® 74€ 18 134 18 2= iGS
of AAAYA FA4E YERd Zolth o] F2Re] 7]E AR)F
b Aol REESIANZ o]Fol7 nj7lo R Ege 4
7] 3747} AXE k. Localizerolls WZoA 28 239 A
3E PN 2o9 ARG §T vAE S5 RF
FAR7 Ao o FPE 2T E o8 AW
Z 2K (Trilateration)2 31 DSP7} Ut} ©] Localizers 2% o]
S2E Slol AFso] o5 A AAAEE AR
pe ko=

2. NESE

iGS B4 =4 1) Localizer’} H]ZA 0B RE ¥ 23
A% 9] TOF(Time of Fligh)E ZAsh= B4 2) HF A
FRE ) A% aEFeR U & v @
A LocalizerZoll Al 3&3taa} = v|712] RFIDE F$E
7} Sl FIREE AlAR Al DS RIS BjAE
Localizer2 %233} N3 E A3t} 7R He 253 A3 E
FAE x| AgEHY 253 ASE FAE FReEHE
Heth o] FREH g 25T v AHE AT Ao
1 Localizerst vz Atole] AglE Altslr] s ALSE
ot RFAZY) AFAE 25305 AFATH) vls] 74
5 S ARE Fong FAg) o]F FAoF Y
U,

)

r[m]=v[m/sec}- s[sec} 0]
v[m/sec]=331.5+0.6xT[C] @
s=nxT,—1t, 3)

A7IA, T & AW 2504°0), T, & EolH $7132us), n
£ oy F1e¢H, 1, & 329 &7 A% AESAIANZY

Time of Flight

BB dme A Ok S EFS

2% 3. 250 aRAd 54
Fig. 3. Measurement of TOF.

b Beacon

& @

Receiver plance

Surface plang
(x3, ¥2) (X3, ¥a)

m_',::'-::::::;‘@a Mobile Robot
- Xp, Yo}

i
A x4 y0)

% 4. ST 93 AYSA
Fig. 4. Measurement of distance between the beacon and the
receiver by trilateration.

,d
N
ol £

ANFE $A(CH2)3HL Localizerol X
2295 FA AZCHNE SAR2FITE I O3
olt}. & u]AF dlolE 4 A7k of 40mso|3tela vl
3AS o] &3t AMSHHE L oF 160ms7t 28 T

% 4% iGSolAM AHEE 4SS AdEoth o
F2go] shte] AulgzelA 2gE W HAY zo] hE
AR Fo|F oz MY ¢ Jenz FH Aol
B A} oFERE Alole] A, d & vk go] Ttk

d=vr’-n @

olZA A T Al A9 A BE d),dy,d; 9 ol
gdu dE A EkY HA AR (x,0).(x6.:)(x.05) B
o83t 3749 o WAHE F=8 + Ak ol £ 7}
FrE FolA gerz, o 3749 49 Yo =fE ofF
BRY 9A AR (g, 0y) B T F Ak

(xR _x))z +()’R _}’1)2 dlz
(xze —X )2 +()’1e -¥2 )2 =|d} 6)]
(e -xY +(r-») | |4

2 (5)9] Yyt s rEsiAl TEiRITH10,11].



736

a9 5. RS QA9 Has)
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Table 2. Comparison of position error and estimation result of ICC
and R in high-speed (Straight line motion, [cm)).
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