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Abstract

In this paper, we propose an outdoor position estimation and autonomous
guide method based on non-inertial sensor which 1s economical, easy to
maintain and easy to apply from the standpoint of practical use. An outdoor
guide robot requires the autonomous navigation, by identifying its location
while 1t moves and autonomous path tracking in order to get the next
destination should be possible while avoiding collision with obatacles. In
addition, the robot must be able to provide people with the information
necessary by communicating with humans.

Guide robots are the most typical field of service robots. In order to
perform the correct guidance, the robot should always know its position
during movement Therefore, the localization is the most important function
for the guide robot. Although many guidance robots have been developed for
indoor guidance robots, these robots have little or no ability to recognize the
position. These guide robots can be operated only in specific place, and they
have a collision avoidance function and can perform autonomous navigation
depending on information about the landmark or the surrounding environment
provided in advance. In addition, they are scenario-based guide robots that
perform guidance in a predetermined order. Therefore, it i1s necessary to
develop a position-based autonomous guidce robot based on the current
position of the robot in order to maximize the autonomy of the robot.

Since the outdoor location-based guide robot is still unexplored areas it
has unlimited potential and marketability. For the practical use of such a
guide robot, it is most important to develop a localization technology that can
be applied to the actual field. In addition, it is necessary to develop
cost-effective and environment—friendly location technology that uses low-cost
non—inertial sensors such as DGPS and digital compass without using

expensive equipment such as a camera or a laser. Unlike the conventional



methods, this method evaluates the position of the robot by using
low—precision and low-cost DGPS, digital compass, and encoder
informationthis, and can guarantee the position reliability even when the
DGPS signal is not received.

In this study, we developed a position-based guided robot system that
performs guidance corresponding to the current position of the robot while
guiding visitors. For this purpose, we have studied outdoor localization based
on non-inertial sensors, autonomous navigation, and position-based
autonomous guide method that can be practically applied to the outdoor
environment. In addition, an efficient guide scenario was designed to bulid
guide database, and mounted on a guide robot to evaluate its performance
through actual field experiments.

The details of this study are as follows. We first suggest the outdoor
localization that optimizes the position of the robot by fusing information from
non-inertial sensors using extended Kalman filter. Based on the developed
outdoor localization, we give methods of a guide route selection, guide route
smoothing and autonomous tracking the guide route. We also suggest a
position-based autonomous guiding method that the robot searches guide data
corresponding to its current position and explain the data while it moves.
Finally, the effective guide scenario suitable for the guide robot is presented
and applied to the guide robot, and then the efficiency and applicability of the

developed method will be analyzed through actual experiments.
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Fig. 4 System model and State variables
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2 covariance o3
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R R
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0 1
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2.2.24 &3 3 9 &5 &= covariance dF
dZg 2R A Xk+1k)ZFE DGPS 2 Digital compass =7 7t

Ak+1)% o=t o1z ()46 93 vk o] thehujo Atk
A 2(k+11k)
Ak+1] = | y(k+1lk) (25)
(k+1lk)
EE DGPS 2 UAY #Aulazie 24 S48 e the3 2ol vehdr

xGPS(k—i- 1)
Z(k+1) = (ygpg(kJr 1)} (26)
0pc(k+1)

AN (@gpe Yops)E DGPSZRE 248 A 4RO T 0,5 XD 29

WA Holt) o] oo utyEE FEAF 3d Sk+1)e ey 2
Sk+1) = Elvk+1) « vI(k+1)] = VHPk+1k)VH' + R(k+1) (27)

o714 VH= (19~200213 #& d9agdol R(k+1)2 DGPS¢ Digital

Compass®] =4 Al @AsE oz Ao 2 A th&ap )
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Tops,a 0 0
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0 0 o
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2225 2379 FEA (validation) H7}
A= 9t d=d Y99 A= FAFEE innovation BE v(k+1)S U
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v(k+1) = [Z+1)— Zk+1)]=| yps(k+1) — y(k+11k) (29)
0, (k+1)—0(k+1/k)

2y DGPSe] AAARE 944 dHy 7e &4 wel 2 eAaE 7HE
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w7

22 w9t innovatione ©]-&3te] YRS BAICY F 7o AAA HUE e

¥} 72 validation gateZ ©]-&3hr}.
Goo (=0 (k+1)S e+ 1)w(k+1) <5 (30)

7)A, G, ,(y)E validation region, ¥+ probability distanceE <]w]| gt}

AN

, (30)2]> Innovation® 7}&* norme YERU =, A SHA Ak 4k

Fa4guslel ME vedta @+ vk

M

PlZk+1)EG, ., (7)] (31)
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2.2.2.6 x| ¥ covariance update
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Wk+1)= Plk+1k)VHTS Y(k+1) (32)
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2.3 A|E29 0l FII

2.3.1 Extended Kalman Filter €18 &
Fig. 32 o433 22 EKF localization®] && %5 YeRATE WA o]d @A
X H7re X(KE), PEE) 2 uwk)25e A8 Wy XE+1k) 2 25

Pk+1k) & dAZ@ct tgow dZd du WEe IR olgste] 24
g5akel A4l 24 wEg Z(k+1)S FH@ o HolHRRE innovation
4 (B0 olgat] dA 4R X AR

o Sl&= AR whalA A B2l (3H)E ol&ste] AAAR B FEAS AT

o owkek (3004 BRed B 9X4RE Aol gl Ao 1Tk vy

o,
>,
ox,
ftlo
o,
N
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g
O
o
2
> M
o

A G 7l s el gk eaprh 7 aA e EER gl e AlE At

2 A= 10% AR AA 74 e

Table 1 Statistical characteristic of errors for simulation

Sensor Std. Mean
x(m) 3.0 0.0
DGPS

y(m) 3.0 0.0

Compass o(°) 3.0 0.0
x(m) 0.2 0.0

DR(encoder) y(m) 0.2 0.0
o(°) 0.2 0.1
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Calculate )A((k—f— 1lk) and| |Get position data from DGPS
P(k+1lk) using encoder data and digital compass
A
Predict observation g(k—l-l) Make observation z(k+1)

v

Obtain innovation v(k+1)

and

associated covariance s(k-+1)

Validation check

X(k+1]k)
Plk+1lk)

X(k+1lk+1)
YES P(k+1lk+1)

Update position and covariance

X(k+1k+1)— X(kk)

Plk+1lk+1)— P(klk)

Fig. 5 Flowchart of EKF algorithm
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T2 DGPS AEIF AlFHA oty eAY et & RV Aled e
92 dsgel gAY gHeavto® EKF 9AB77F F3E hs JEbdo
o] F3te] Aol oF 60m ANelw $AGHE Qs DGPS AE7F FHEAY
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&S AEdold & Floltt Fig. 4914 & 5 kol "HAYE HI 27 ALS Y
Al ok’ A Bkl A= No DGPS #3tell A 914 @447k 5248k Al dA sl

JAR HAE Gz HIFARES o] &3 AAHINM = LAV A Fes

ANtH o dFy FHRTOZT AE HUteE A 10m oo @A F

g Alell= AT ZA HASHA FA T FAAR st solde wep e

A7 FAEe] 91X Ayt A @AY 18y Fig. 49 A¥E dmn v

AAHG7te gAE HAHEE F7tR o] & A WFATE FHEHA 7] o
ol X7t d43] FolErh: A YEATLH

Fig. 5% 91X 23 545 yebdth Fig. 504 13 7F 25 3003l A

AAQA7F AA AT AL No DGPS 3kol7] wiiolt}, txd #H¥27F gl

= A o Hyty RFEAAE 47 1.7m 2 LlmP ey HH sk A
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Fig. 6 Simulation results
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Fig. 7 Error characteristics
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2.4 M8 W F

241 2% s=do] 74

YR L Fig. 63 o] A FHFG AMY a3 AN e o] §5to]
23e FEHL IYGLS Aess AojRe TAHY 4 THE el Az
© USB S Serial B4 WA o 45gre] Aug @y 2rel 75 % A
% Fagt.

Main
Controller

Pioneer
(Encoder)

Fig. 8 Hardware configuration of the robot

S E X o] 5= Adept TechnologyAbell A A 2F3E Pioneer =% (P3-DX)
= AH&ekith. Pioneer ®R ZHES Fig. 73 #ow, d¥t= AEE,
500-tick encoder’} H2r¥ RE, 0.195m wheel, 8702 AW =S34A4, 879

T 25N A WEEHEE 23 glo] 13] FHOE SAIF AR 80

23 FER FAL o 9kg oW AFF v AL gon B

$ol= ARCOS7IWH] wlolamze ezt Ugslol FEAE Bt ek

E AdEHo|AE 93 RS-232 33 serial portE 2sta o] Zio] A
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ARE WAY 2Ho|A H5 WHS o] serial portE
9] A ol= Windows”Z|HEe] PColl A A& %+ ARIA
of T2 EF Ag ¢lo] Library

=l A~ =
HrE

Table 2 Specification of the robot platform

T

BE

Library S &

ol gate] thakg Aloi7h bt

]

gt 9
3ol

Length (cm)

size (cm)

weight (Kg)

Payload (Kg)

Battery

44.5

39.3 x 23.7

9

25

12 VDC

Rear Sonar

Ring

210

Fig. 9 Dimension & Platform

Control Panels
e

381

T,
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Fig. 10 The driving unit of the robot platform
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242 U ZE AXFE
AAFE= 28] YAARE A7) 938t 94 DGPSS =5 X8 w3k
S 47|93 Digital Compass® TAE ] lom 94 DGPSE AlojF-9F US
AolER AAH A4 AEE F213tY Digital Compass© =752 B4

L=,
o] &3t Serial W2l o2 W HAWE £

UZJ

[UO

2.4.2.1 $14 DGPS
Ao ZXo AAARE 7] 9 WHeZ GPS AAAE A" ©]
&gt durE <l GPSHAAA ] AEE 24709 AAE A8 AEE o83t 7 ¢

Hut GPSe SAo] HEAQ FAL T, FAV] AA A, 914 AA Ak 7] H
2 10~20mAEY $x7 dAenz 2R A&
Tl HEst7] olele ARm A A7t Ak oo Mg YE=we Y AR
5 o] &3l o]Fo tigh Aefe] AL DGPS(Differential GPS)&= duF GPSoll H]
3] 5m oW AUEE 7HA= FHo] o] DGPSE ¢ &3t
DGPSE GPS 7719 7|4 HAE o83t adAs Folx, AU
AAE dve WAS olgsta vk GPSFAIZ] T RTCM(Radio Technical
Commission for Maritime services) 2 7Fs3gt 21715 ©]§3te] ntrip AH| 2=
2HH ¥ RTCM 215 & FA7]o ddste] HF 248 JHE NMEA 01832
B s Aol oy A=s A g oR WE Ne g FAs)oF 3t

B2 ksl Za $417] AHZel M dwR e A gsts] g vl 9

)
Fl

T AAAE
36,000km ‘&2 914S Abgete] HAARE AFets # A =T B4
AAelet= F A Alagor T4 Hol low AREYUHY 7IEFA GPS
A SANTE FAlske] AfAl ZIA =l HlolEE AEsta g FAlo 7]
Az es BRAdHE st trl AG=(18A475)S Fate] ATHA
Awsgor HdAFsta o RHAUOIHE AREANA AlFTshe WA O RA

WAAS(H] =), EGNOS(+r¢), MSAS(¥¥E) 59 W22 SBAS(Satellite Based

974 DGPSe= AAARE f4de °l8F DGPS¥A oz A
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Augmentation System)”]s<

gho A= MSASE ©]-&3}<]

o<

T
T A= LY

o

A5

[e)

ot

o} o=

o

o) v}

=
= = -

.

Table 3 Specifications of DGPS

&3 DGPS 94AsE
@A)

wo AL§# DGPSS Fastde ¥

GPS 2=}

=

TE2EF

24 DGPS

AN B &=

ASCEN GPS

NMEA 0183

2] ¥ (MSAS)

2.5m

680

2.4.2.2 Digital Compass
A 7 Akl E FaAs] S

gasth 3 71FS B2 A7)

ZxAel EAE, 1S
AaA kg AbgaaT
oly

e AHgshE, o

Al BEZ] wfiEel QbR Fs o] Ry og JEgFs HAser] 98 e
oA A7l FEFS WA 2 Eol®m olAste] AU St K ARG
3 HMC 29 FoA%ke ¥ 49 2o},
Table 4 Specifications of Digital Compass
: Qe Heading
Sampling Rate Range Communication Resolution Accuracy
+1.3~8
1~20Hz Gaussian URAT 0.5 deg +3 deg
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SR = Ao F Ao = Fig. 99 o] DGPS % Digital Compass®] ¢ 2}
WAFRE Tyt 2R BE sAYHEHS AYste 7l < ste=d Windows
8 7|Wto 2 FAEo USB TES EFFx B il ofF AA &
F2lo]l 7bgsith, DGPSE USB XER F AlojRel AAww Aoy oA
Serial F4lo2 WEEo] wQl L2 A HAAoR AAHHE F}etsta

Digital compass JH &= EFF2= FA1S o] &3t DGPS Al whxk7hA]

Joll s AR} g St =R o WEk
HE Agsta A 4gtth Pioneer 232 A2 wWAo] Serial Port o] =& Serial
A& USBElo® WEats Alo]ES o] &3to] Aoji-o] USB XER A9
Hu 2o <lxr AEE FAlste] 9144 DGPSO f1XexE Bt ARE
gt Aol 914 DGPSE A B e s diy AFH) Digital
Compass®] WEFEA RS 21519 localizations F33Fe] DGPSe YA eaE B

gstel wvk A3 @A 9T ANHL e BEAY o5 A FHL

2 Serial Al WAl o g A o7

T3 F A= dHE AR WY AR DB Fits FHba 9low
A el W3t AAGRE PG w8 (mapping)ste] &4 Aol ek &

8
) BAL Aests 4TS Wk W9l Ao TRaYPe B UE H§ sl
Wz Saa Aole] wa setelele] WA AA 2R Y FuE %

g 4 o A EEe b REw FA o] gtk bFAY] Aele
o ~uAE F3te] ddsiH 9 H7Aete] AZAE SFF2 S A8
st B AoEES HAast stk Fig. 102 /o] AEH QU EZES
Uebdoh Wl ko] F oAlojRolw 2R g EEA A= AAT| 9 R
B ZIeE 71719 nEks FHAstslr] flste] ofAd™ A o] &sto] Al N2t
Aol -7k =3 558 oA o] AX|HoUth F Ao 2E 2S99
user interface 715 ¥ 37 G 71es Al 54 HHE ST 2

Ae 25 T doll ARl
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. {hMain Processing)

| voving command

Robot
{Moving}

Fig. 11 The signal processing diagram of the guide robot

Fig. 12 The guide robot
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24.4 AAX EXHEA
Localizationol ©]-4¥ DGPSe] AFFe E 30148t o0 DGPSE 1 W)
o] WabA AWEsl gFol7t d AUEsl =92 mrlolnh Boo] T A

!

2 olgd AuUE A A9 Avtolth AE ARE PAGUES} 2.5mo] A w
A7 BlzE AT A 4smAA A7} wAsE Ao REHAY. AdwAow

7FAIQE EEE Hole ¥4 (random)d A5 AL EE 955%9 4l

Table 5 The error characteristic of DGPS

Maximum Mean Standard deviation

4.8m 2.8m 1.65

Digital compass®| 7d-¢- Wlel A g FAs77F dids] ojgs2=
AT B AR B4 dEH webd A kel ol

S5 #re dArA O 5A4E FFske] ARSET bR Rl A8d HAE

HAH 2% A88tol A A7Fe] AE<Ql HMC E2& o] &stdsd W AdEs
T 1372 AFGAC AAEHIL oy AA H2E Ay % 63 o] AAIL
6.2° o] A WAEAtE =3 digital compassE 7] EAH o w7 E Ao TS wro

A

v Fe Aarzivg d7171719 e ol Wt webA AA =il A

3@ A% BAE U% A dR0E o

Table 6 The error characteristic of digital compass

=g AEE AFAEA) BB (A9)

HMC +3° +6.2°

259 JocalizationS DGPS¢} digital compass®] £ A 8% EAjo] & Q 3t

AA localizationoll = HAE S Sall £A9 AT SAHS AHESATL
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Table 7 The result of DGPS location data

I

Be
I
ﬁo

126.57

A=n 7

33.45

&~10

197

_34_



Table 8 Coordinates of the reference position (unit : m)

71 &9 X TM_x(north) TM_y (East)
1 45944.46 159005.61
2 45862.76 159005.18
3 45816.35 159049.59
4 45860.73 159091.39
5 45942.46 159089.33
6 45984.93 159050.41
126.56530
126.56529
+ 2K o p|H
126.56528 g
126.56527
126.56526
126.56525
n
126.56524
126.56523
126.56522
126.56521
126.56520
33.45443 3345445 3345447 3345449 3345451 33.45453 3345455

Fig. 14 Distribution characteristics of the DGPS position data
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246 24F 2%

A localization ¥ & A4E EdolA 4 3] 435 F3hst% 2 Fig.
132 A3 Ao o] Auzt #HE& vebdth Fig. 149 Fig. 155 @49 F
g Aol HA2E AREEHA oby 3 A g-oF AFERE A9 X HTME FAC
gato] el Aztolty, AF HAAAZE oF 430melw] Z aHolA HAe
DGPS w©@ell o5k A3 7} Aifelw A2 EKF 91x%7F 23& e

T AR s Hus Ry gAY HHRE ARESHA kY3 P9
43 ] 71FEf A A DGPS @591 A-Euh 91X H7F dso] "olA=d Wk
gAd HAxE o] &3t A= e JEAAE Adstae BE 7E9)

A

2o 4 DGPS w529 % 9Kt §-3

m——y GF 7
e _
W il | .,
Cr e i St el >
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e S 7 L=
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Fig. 15 Experimental locus of Localization
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159120

159080 e e e
—— EKF without Compass \
T DGPS onl }
E 159040 ikl F
> % Reference ”/
159000 S — = :
158960 T . . ]
45800 45850 45900 45950 46000
X(m)
Fig. 16 Localization results without compass
159120
150080 s R S R LTy
i — EKF with Compass \\“
E
= 1sopn DGPS only 1
Reference )/
159000 R
158960 T T T |
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Fig. 15 Localization results with compass
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I 9¢ A §AS A% Adolt). A Ve A 7Y eAf= 2Eo] A
=0 A JE=AA 1o HA] =Zoksks wWe exE yEhH, EKF with
DC+ digital compass’} 57} localization WS WERW 12, EKF without DC
= 7)1¥&9) digital compass?’t F715 7] A9l localization WS veERATE DGPS
7o) localizaiton FH W Q2b= 4.78m, Hwt o Ak= 3.02m ¢ WHH A H EKF
2= HWrE 1L7Im, el 0.86m A=Atk oA H&S HA e VEow
EKF 227} DGPS 2.xke] 28% =41 °F 1/4 A% x7F =
st Hol A% EKF 227F DGPS 23F9] 35% ArolH EHA= 52%A
EgeA FHl oo r AFETE Eol A= Ao=m ueutth EIE digital
A oy gk Aol Hls) Ht ek 7

AR LR Qa7 ZFol=x A%S Bt Fig. 168 oxEAS 19

H

=

compass’} F7}4 localization WH-2 1

o

Askel A 95% @Ak AT p= BEA R FE 5 ik

—t——==p = X+t—= (35)

Aolt}, Fig. 172 22 F#4S yebd Aottt T4k North(o]sl »%3) 2
East(o]s} y3F) B25F
st
At} Fig. 17914 2z F&E2alo] & F71 9 7ZAasta Qe olAde 3
271 9 Aol &=

Y
wEalgly] Witelth % yUgo R FAY Wi U A AX yFEA
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ol #ASA F7tetth7t thAl oW Fo 2w T8 & wj= o Al AAW
Aoyl RS Fo=s ddS wbES et webM e DGPS,
digital comapss 3 Z%¢ DR& ©]&3% EKF localization ™2 95% ¥ &
ZPA AL 2B fiAE AW 1.26m eaf o= fAHIF Thede Sl

Ko, o= W HEAQ LimE S5 SR T AL HdE

Table 9 Distance error characteristics (Root Mean Square Error) [unit : m]
Error
Position

DGPS EKF with DC | EKF without DC
1 2.50 0.22 1.26
2 1.74 0.73 2.10
3 2.61 1.71 1.98
4 4.78 0.64 1.32
5 0.57 0.19 2.13
6 1.45 1.21 2.23
7 4.18 1.35 0.92
RMS 3.02 0.86 1.71
Max. 478 1.71 2.23
Std. 1.05 0.54 0.46

95% confidence interval () | 2.24 < u < 3.78| 045 < < 1.26| 0.83 < p < 2.05

* DC : Digital Compass
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Fig. 18 Graphical representation of error characteristics
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Fig. 19 Characteristics of error covariance
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2oQpelA s wito] gl
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QA & ge Wi ohe DA 4A o AEE HE + drke A
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Fig. 20 The control screen of pre-path recognition

Fig. 21 The experimental of pre-path data recognition
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Table 10 Smoothing Methods

Method Contents Characteristics

Method to obtain a function that
Non-linera Least Square minimizes the error between each data All data
and the function

Method to derive an optimization

Time Series . . . .
function through time series analysis.

complicate

Weights are applied to each data to

smoothing the data All data

Exponential Smoothing

Averaging a certain number of data Data within a certain

Moving A
OvIng Average values before and after the data range, simple and easy

714 d, = ol% Hitstel F&st © pHA vlolE, 4= 7+ doly, 1g
*& g voly & dEig. Fig. 202 m=1,
TS o83 H&st oS dEdit Fig. 20014 €2 A9
O EZ= QY volHE YEh L H2ME ofFH s o] g5kl HEstE H o

]

R
3

rlo
3

o
ofy
ubad
lo
Lt
o

AN
0o
-
L
L

o,
Ll
W
o,
e
=
T
w
[N}
(@)
=2,
o)
i
o,
i
M
o,
j‘g
&
=
o,
o,
1o,
g
o
4
v
(o3

offl
o

¥

ey o] W muA oW dolHdl: A8 & g7 WEel A By
A RRel dold WS & 4 gl waol otk wekA Fig. 20004
G Qo] Ag ol MAY HolH: BRSs A Rach eyt o
WA BRE Asos Ae F A v 24 92 A AuAm
2 oAb 27 @) Wil Bash BgAM Ae delHet viA dole

4 delgE Tz ol&d + Utk

:;I
d

1

_45_



35

B OH doo o T T O
i " TR o W T o ik
S T B
5 rooEm BT o W m o oo
dﬂ&ﬂﬁoﬂﬂwﬁ@
. o X o =
- S 5
R gy Mo Oz ) oﬁ ol
= ° o ] o XEORT
TG S
. i B g ®T =)
) L S -
o O W o ® K o
4 n NoF ~ TR
2 Eo o : .AT ~ N
w o> N - X N e
o — o T o HOR
= A N N Bo
g = = I X R o R
> S ~ N o
=] 1E_u| m ﬂ Hul o ,;Iorﬂ
g — T o oo I .
o TR O o= = BT
B = 9% 2 X b 5 X
° B = o N = = B ®|
LN si . L N O_E mmo OT \H_Ol
g AN N o 9
. < O o k-l ~ T
g & LI ! w0 O —
mw K c:l EO _ﬂorﬂ X ﬁo X Nluﬂ :-L
3 S w4 B TR
t o w o N [N = = ﬁo <
: o= 7Y —_— O
nE Remm®x o ® 2a
B ogo B o o ¢ X ~ =
ooy s B N g
) P d B ¥R 5T
W T ERTFE T o
— = (o
A T T O SA
= b EE® T ow
o N 7O =0 . v
« T T IEZEET e
_ LSS
BT ow oNowmow oM %

(37)

_46_

T 2

3

2 + an,1 + 3dn + 2dn+1 + dn+2

d,

Sol 273k ol %
d

=

=

Hrt o



: WMA)©]etaL

(Weighted Moving Average

A @73 #Zo] o]

ki3

Q)
=

dolg el 5

=y
»J—D o

[e)
Wy e

]

(e]

At A=

PN
=5 T

ToR

A AA

=

il
ﬂl
e
o
i

ﬁo

o]

1
T

Fig. 21°14 Fig. 25

g ol mlsf ztol

2]

1l

S

237 vl
of <]t

237}

E

5

5ol

A7 zol

H 37}

o
e

ﬁo

K
f=d

Hr

.
1o

of HA vet 203

a2 Fig. 25004 & <+

WA e wHE e 9 Fig, 259 #=

N
o

3
pul

A 71A ¢k31 H g smoothing

QH.TL
==

2000 37t 7+

=
=

P e, gepy AA 4w

AlE

=27}

=7t

Far A

21 =
Sl

7]
ZS|

=
=

& wEas

ﬁo

ol&

)
o
ﬁo
%
o
el

]

1l

ol

F7] w20l vt

S

7wy

o
ﬁo

4] =

10

A AA Aze] West A

ok
=

A]

=y

!

_47_



¥(m)

159650

159600

159550

159500

159450

¥(m)

159400

159350

159300

—— Original Path
— Smoothing Path{1)

159250

159200

45740

159650

45760 45780 45800 45820 ASBAD 45880 45880
X[m)

Fig. 23 The result of path smoothing (1 time)
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Table 12 Composition of guide scenario by type
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Fig. 41 Experimental place for autonomous guidance
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Fig. 45 Results of autonomous guidance experiment (the third)
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(a) The driving on a ramp

(¢) Information Telecommunication Center (d) The parking lot

(e) College of Education (f) College of Social Science

Fig. 47 Guide from the each location
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