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Abstract : In unmanned vehicles' navigation, the shapes of obstacles are generally irregular and complex. The
motion of vehicles based on the range sensor system such as ultrasonic sensors or laser sensors can be unstable
due to the irregular shape of the obstacles. In this case, to generate stable trajectory of unmanned vehicles
equipped with range sensors, we need an approach that can simplify an obstacle's irregular shape information. In
this paper, we propose the trajectory generation algorithm that an vehicle can stably navigate in the environments
where irregular shaped obstacles are scattered. The proposed method is verified through the analysis of vehicle's

trail and direction data acquired by simulations and implementations.

1. M 2

o) 2} & (unmanned vehicle)?] 33 (navigation)™

Al A EE Bllee 4 I or 9T § HA A& B3 FGBEE Desieto
4 Boe Bibeta Bt 4ol diEEelth of Aty s #HolA AMAE J53 AgpES ol
AL ZA=HAYg AgE FAHste 25TAA &sto AFo] o]FF F v F9E EHEF A
(ultrasonic sensonYt @olA AlA(laser sensor)E o2 AT 181 AAE R AZ=(major
ol g3t Fst= FAxFNAE FNES] Efz axis)E o319 ATF| & Z(velocity)E A5t
& PO st Aol AU EMAEA ¥ WS (minor axis)e o] 83t HA HFYES AA
TE o] 2+ Qo ok AN dagEe H§EAES AEdeldn 4
A4 G Zol g 33 duF 050 dTH L Fd MY AFES F45t A5
3 om, GVG(Generalized Vornoi  Graph), w=Ro] AL oA A B oA ;ﬂ]/\ 3 Ao
EPF(Electro Potential Field) 5= &3t HAE = 39 ¢ 3’—1“41-‘4 AABA4 ‘?—:}—T—’ﬂ A s,

283 dugEs Fol shuolth 18y o)A F 3RAME 4

NEo F4L HHUHOE olgsel ANANES 4 2 wzg SIS
Yot WAl Mol FohEe ol BAT 4 AT %}za%—g— A]%eﬂovw 29e 54 %9
SRR AP £4UL AL £ Aok W gon], 5AH =2 A EE9T

A 2 =M ol dHe sjEst] #d

FAGLIAA © FANIaL AN AAEA 55

E majll : dsahnL‘pknu.aE:‘kr, Tel : 051-629-6154 molxpeko] ThFE  FAre] AoJES <A A
MEd AT s o e e o eldo o

HFE ()0 2T A 28 2 (stable) &2 3] 9gthe AL 493 off& ;\:Zﬂ
g (e 71EdTa ol shfoltt. Azt 22 Ase 7HAA X7 A

_84_



Ry - Had - AE - e

Fe OUdF AN'S B 58 AolE HRE  d,r,v,E FF FEIFY AP oA,
EA et o] sWaks vl =xtvith AAsoF gtk € POIs (Points Of Interest)E9 Q243k, A&e 712
WA oz Aol T Al Fsord & B oz AgE JULEE 7zt yepary.
< Ogsta B3 (irregular) gt Zlo] diF-Eolt), ol¢} o o AojEo Hd FAARE A
wepa Ape) o] sEE Ay ddl FAAY HHo= o) gt ¥y wRe AT A T
AYAXE T3 9519 Bolee 34 ARE AH 3 E7HF AAE FHY JFL 29 5 Yok
Aoz Abgste WS I FHY0] ta BUAT Fig 12 B =RAA AAsE AFH dugFEe
FEo| 2 Aot oA BAAEY Fol A 2L Ygdn
s aga AF FHd Thke]l fAgsE o
AeA 2 Aotk 2.1 Bty Yoo do 43
B gA4s 71 Helege]l BFsA &0
range values A (scattered) A= S ANA FAAZFY o] FHFS
(FOH) J 3l Aol & ZA5 ol oo Ty
Range sensor :> First Order Hold A7) el gelwel AT B= 992 Fe.
(Laser sensor) @ 29} Zo] Bty A4S ol &3t HdAs= WHE
Elliptical shape /‘}%d‘:} HA HolAMAE o] &3t 5T g
generation #ES 13 E7HFirst Order Hold)& 83t} 1
— 23 BARY FEminor axis A 1A
Elliptical sh lecti =
piealshope slecion || jyol ) Aol A3 AFY Zsampling anglo)
< = RhE ol st A Aol oF 7Hed Fde UEh
Calculation 3 By FAe A AFY AAFS AHESaL
Fig. 1 Collision avoidance algorithm G5dolE AN AE B dojE Al
o] TASA F= WY WelA At HES YA
B =B 05o]A 18052 270 7ss g O BeoE A" BdEE $AA olsstad
HMME B FE=d A2 FAAR (s A ot 5F TFe AAIH

glgkel Ho g o|FojA= FAUOHE o] &3t
Ashet 2eke] AA 9124 B (localization)*S o] & 0
st xpgo] o]F 7?'”‘5} F9s B (ellipse
shape) & 4%t AHH FHolA 2FY =4

45 45

de AEIY BES o g3t AT F, A5
Fe A% olFYPoT AYH IR LolE \
a
olgdte] Ao £xs 2APY A1) Ao /- S
% 0, & Adee 2nYF'e BeiET A WA
Fe AF AdEE o, o BLE Z5o A7]d e %
Aelsks HEAS kS Fokod AL HEEE
AbsE glolt), F WA & 2 (204 AXH A Fig. 2 Elliptical shape area generation method
o 2445 w9 A7lel wek A WA e X
HEEE 2857 E ol 22 HHdS Zaels
FARFe] o5 9 SR ANE BUFol
Oy = K gy £ 22y, {* : wjg 1 A :Lau %% (major axis)?] FRE o] §3) A%
—lw, -
Wmax ' o] 9k (direction) ¥ &= (velocity)'& A 4
w, = kyd, + kor, + kgv,, 2 ATh olAE BelE BRY FYARS B
Z o] &3] f&el BEad AP FAde FL
AQANA  kyky ke AARE derfam,  AE T A EREAT A5 ARUS o8

_85_



g Axgel Folg g FaelFl B A7

o FAAFY FAUs s AT ¢ Aue
ARE MY e A F2YE Alolste Al
o4& (control input)s Al4tete €aElEs 4B
=3
step 1. 718 A3 2A
g o] ©E(350mm) ¥ AEY Z%(20degree)
step 2. HOJAHAMAME o] &3 ALF &
Fig. 32 2= wet §53 180/ Azlgts 2
o Fr}
0
]
45 2 45
o
* 626 |
628, {705 ]
" 733
90 ‘ o ) 90
| 180 range data acquired by laser sensor

Fig. 3 Range data acquired by laser sensor

step 3. Agl@ ARE9 1A B3t
step 4. Z} WEog 34

-80 a0
Fig. 4 Generation of elliptical shape
Bdd A4 A BL¥Y @53 A2 4Es
step 1914 ARl 243ttt whetA 5o Ao
£ A4 Bed¥dS 44T F Aok 8d¥Y F
SHES AEZ45d ¢ 2457 w2 1 W
Fo2 I59 AgHe o8t A9 dojg 2
A3t Fig. 4= 2% 2= wet A48 B3

= et AA Adel ARERE o] AMEEE
A

$54E 71202 2079 HolHE oS3

0

[ Data included in elliptical shapel—
-
-
_,_,-:-""F- T

-
-
. —
-~
. -

-80 90
0
Final elliptical shape |
P
.-'-"'-F-J
-0 .-" 20

Fig. 5 Scaling process of elliptical shape

Fig. 55 449 g3 Ui EAsts o=
S5 ¥ RN AYAZI7] A8l e3dE e &
%9 dolg 2AYY s A S HAFET,

step 6. HEWEFS EHAY AH

FY2EAA AAA QA B A
)

ge] ol gtol wet wa
o) H25% gl 2F 7tol
G EE A gEe

KX
£5 5 Aojgt
3. AlAH 7

B A3

o] Bo]= ActivMedia Robotics®] P3DXE 7502
s, A= e AAsE 253 AA e SICKA
o] LMS200 #lolAAlA et atFe] i FEHE =
YH g (Monitoring)st7] $1¢ GUI (Graphic User
Interface)s= Fig. 70 Hole AF ol HF
(LabView)Z AH&3le] Z93tqth GUIE oA Al
AME T3l FHEE A#d AZFY olF AA 2
S5 AAZ EUHH S 38 ¢ Qo

Aol A AgE Ao olF ZYE2 Fig. 6

2=
= 3



Laser sensor

Mobile platform [ =3

Fig. 6 Mobile platform(P3DX platform)

ML
e

Fig =
4 -
-
o
o=

o
-

Vehicle control
Velocity

Range
information

_-—

A, ol AAA, o]y A (Dynamixel)& ©] &3 A
2kE 2709 vy &2 ©] B (manipulator) 2t 3 7 FH
(laptop computer)Z ©]FolA Jot. AFolAM= &
NEe] FRE A3 F53t7] 8l dolAMMAT
AHESEATE AZEYA(S/W)E HH(LabView)
o] g3te] GUIE AA 2 AAH dugEd A
T5 FEg 439

lo i o

SwW

o

ot S

Lz

e [
St

~* TControt IawI

Fig. 8 Overall system architecture

4. Al=do|Mda} &

NgH e 2 e BB E Fste A%
o A# ol drh FEFA(smooth) <
AR 2 Hrlsted Ytk =

3t %
A%E o 5ATE Aol ok Al A
WO

0 o

%

AR 9 LA T oH,
o] FojBAA ] Aeghe =4
oA ANE &

ot rfr

ol

==

o

fol

I,

=

of

oK

£

o

o|\

ol

o)

N
> ool

4o = [EC =)

E
o
[Red
_"L_l‘

ok

N, gl
o oo rlr O ot

o r n
X
o

o
ot

©

ofr

ol

)

-

oXx

ol

8

lui

AN

>

o

v=)

o

2 2

o [T = o
LU
ML oox Y (BT

il
e
o
.
o
ﬁiﬁ
o fd
b o

il
ﬂﬁiru{o
ozi>‘
S 1=
a8 =
4 =
rl
9‘11‘
;REL

oo & LA g oo >

ot o
o
2
>
e,
ox

lo
o i,
K
i
o
> o
R
El
oot
o
il
>
1 ;g‘

it
K
Mz
>
>
[
0
o
frt
lo

¢

o o ot

do ox

Ly of o

&
U oMo
R
> N
e
ot
ox
tlo
)
N
A
J
Y
P,L
X
o
2
2
me ¥ &

A

Aol AHe BAGI AZG
Al WAz A Al HANZ &
sfo] gojEe AAARE

Jhu mlln (r 4 2 ot & o
llo
o

Fig. 9 Simple shaped walls (simulation)
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Fig. 13 Scattering triangular obstacles (simulation)
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Fig. 14 Scattering triangular obstacles

(implementation)
5 & E

B =fdAe EA% 49 ZEsol A
ste 37 oA FolatEo] AedlES AHFHoE
3o + e A8E At ¢ EFE AAG
ATk AAE daglEe g A g 2 AEE
Tl EAT P4 HAEEC TAXUIE &H
ZANA zFo] A} FEXH 1 (smooth) HEA
(stable) 2.2 3|F]F2E& st AE U3

B dAF7E= AAAC (qualitative) WP o2 B
PJol FNEES 3|Tstar, AA Alxdd A&
T e agEe FdE Ao =4S FAUU
H & A4 E AHo] REHOoZ B Hols +
o] EAst FE A&EH RAAFE0] 28
stAT, duEE FEY deds B AA A2
Ho J& 7bedel wva 3rtd & o

z 7

2 A (ZHE)s 25Hr|eie Adoe=z &
TAFAGY] AYE Wol £y F9AAA A=
A A GAAAIY o] ATFE YUY

am 23
1.S. H Park and B. H Lee, “Practical

Environment Modeling Based on a Heuristic
Sensor Fusion Method”, Proceedings of the
2004 IEEE International Conference on
Robotics & Automation, pp. 200-205, April,
2004.

2. Alessandro Correa Victorino, Patrick Rives and

10.

_89_

CAE - AL

“Mobile Robot
Navigation Using a Sensor-Based Control

Jean—Jacques Borrelly,

Strategy”, Proceedings of the 2001 IEEE
International Conference on Robotics and
Automation, Seoul, Korea, vol. 3, pp.

27153-2758, May, 2001.

Choset, H., and Burdick, J. W., “Sensor based
planning, Part I: The Generalized Voronoi
Graph”, Proc. IEEE Int. Conf. on Robotics and
Automation, Nagoya, Japan, pp.1649-1655, 1995.
W. L. D., “Multiple
Visiting Stations Trajectory (Re)Planning for
Mobhile Lab Robots Based on Global Vision and
Roadmaps”, of the 33rd
International Symposium Robotics,
Stockholm, Sweden, 2002.

Nikos C. Tsourveloudis, Kimon P. Valavanis,
and Timothy Hebert, “Autonomous Vehicle
Navigation Utilizing Electrostatic Potential
Fields and Fuzzy Logic”, IEEE Trans. Robot.
Automat., vol. 17, pp.490-497, 2001.

J. Modayil, P. Beeson, and B. Kuipers, “Using

Roque, and Doering,

Voronoi in Proc.

on

the topological skeleton for scalable global
metrical map-building”, in Proc. IEEE/RS] Int.
Conf. on Intelligent Robots and Systems,
Sendai, Japan, pp. 1530-1536, 2004.

Zou Y1, Ho Yeong Khing, Chua Chin Seng, and
Zhou Xiao Wei, “Multi—ultrasonic Sonic Fusion
for Mobile Robots”, Proceedings of the IEEE

Intelligent  Vehicles Symposium 2000, pp.
387-391, October 3-5, 2000.

Jennings, C., Murray, D. Little, J.J,
“Cooperative robot localization with
vision-based mapping”, Robotics and

Automation, Vol. 4, pp. 2609-2665, 10-15 May
1999,

Gyu-Jong Choi, Young-Seok Jung,
Doo-Sung Ahn, “Mobile
algorithm using a vector-based topological map
and virtual Jacobian”, Proc. IMechE Vol.221
Part I ]J. Systems and Controls Engineering,
2007.

K R. S. Kodagoda, W. S. Wijesoma and E. K.
Teoh, “Fuzzy Speed and Steering Control of an

and

robot navigation



11.

12.

g Axgel Folg g FaelFl B A7

AGV”, IEEE Transaction on Control Systems
Technology, vol. 10, pp. 112-120, Jan. 2002.
Laurene V. TFausett, “Applied numerical
analysis using Matlab”, Prentice hall, 1999.
J-S. R. Jang, C.-T. Sun and E. Mizutani,
Neuro-Fuzzy AND Soft-Computing, Prentice
hall., 1997.

_90_



