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Abstract

This paper presents the experimental setup for autonomous navigation of a robotic vehicle for touring university campus, The
robotic vehicle is developed for navigation of specific areas such as university campus or play parks, The robotic vehicle can canry
two passengers to travel short distances, For the robotic vehicle to navigate autonomously the specific distance from the main gate
to the administrative building in the university, the experimental setup for SLAM is presented, As an initial step, a simple method of
following the line detected by a single camera is implemented for the partial area, The central line on the pavement colored with
two kinds, red and yellow, is detected by image processing, and the robotic vehicle is commanded to follow the line, Experimental
studlies are conducted to demonstrate the performance of navigation as a possible touring vehicle,
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1 [ 36°2133.17" | 127°2049.70" | 3621.8%2 | 12720.8283 [ 273 [ 582
2 | 36°2153.25" | 127°2048.47" | 3621.8875 | 12720.8078 | 241|579
3 | 36°2153.55" | 127°2045.58" | 3621.8925 | 12720.7597 | 165 | 569
4 | 36°2133.65" | 127°2045.36° | 3621,8942 12720756 [ 159 [ 566
5 [ 36°2133.67" | 127°2044.62" | 3621.8045 | 12720.7437 [ 139 [ 565
6 | 36°21"53.75" | 127°2043.30" | 3021.8958 | 127207227 | 106 | 563
7 | 36°2154.07" | 127°20743.35" | 30219012 | 127207225 | 1006 | 552
8 | 36°2135.86" | 127°2043.69” | 3621931 127207282 | 115 | 491
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14 | 36°22°06.69" | 127°2045.28" | 36221115 | 127207547 | 157|126
15 | 36°2270838" | 127°2045.58" | 36221397 | 127207597 |165[ 69
16 | 36°22°00.74" | 127°2045.77" | 36221623 | 127207628 [170| 23
17 | 36°22°00.32" | 127°204838" | 36221553 | 127208063 | 239 37
18 | 36°22°07.83" | 127°204814° | 36221313 | 127208023 | 232| &6

32GPSg} x| el

Novatekke] @210 2 Elo] Q= 9w Aw ARS CHEa 1Y
ol Eat7] 913 4 (2 283t

xZ: (OEM, — 12720.6557) > 10000 < 0.1584

yZ 600~ (OEM, — 3621.8773) < 10000<0.2024 ~ (4)

OEM= GPS Aol whe A= k8 OEM = 9= #e
FERATE 127206557 17 59] U] A0l 3t Toll 9% Aeke
73% ZHOEMSTAR F2)& gog 7] wifel] ¥ Fhol,
36218773 9% shte] 9= FHOEMSTAR F2)E 7[EH o=
7] whEol ¥ Fholct.

36°22°10.66" N
127°20°39.34" E
3622.1777 N(OEMSTAR)
12720.6557 E(OEMSTAR)

36°22°10.43°N
127°20°53.49° E

3622.1738 N(OEMSTAR)
12720.8915 E(OEMSTAR)

36°21°5264°N

36°21°62.77"N

127°20°39.68" E 127°20°53.55" E
3621.8773 N(OEMSTAR) 3621.8795 N(OEMSTAR)
12720.6613 E(OEMSTAR) 12720.8925 E(OEMSTAR)

a2 5 Z2 77 Yl HS0ol FHE
Fig. 5. Coordinates of 4 corners

Comparison the Desired Path & Real Path
T T T

T
i s Desired Path
F. Real Path

36222

k2215

36221

3622.05

3622

Longitude [Movatel unit]

3621.95

36219 : T D R ETT SERERRERRRRE

362185

i i i i
1.2721 12721 12721 1271 12721
Latitude [Movatel unit] X 104

12l 6, GPS2t OEMSTAR ZAZ H|w
Hg, 6. Trajectory comparison between GPS and OEMSTAR

a9 59 ARE Grido g BEshH 375x600 FAlo] et
0.1584= 7= 23t A 7AePdel Al dg ArE
375/ (12720.8925 — 12720.6557)/10000 = 0.1584% &t 4=
UL 02024= A= A A AePde] dAll dg A=
600/ (3622.1738 — 3621.8773)/10000 = 0.20242 Takc}.

A@] ARk A HFAH o7 7 139 22 4)E de 7
A}, 3 19 o+ o] s A 8shd T 49} 22 oV BEE
XA Eiek, 18 6 & 12] OEMSTAR ¥1¢] Desired Patho}
2AA| GPSZ HE2- Real PathE H] w3k Ao|c}, GPSE Hhe- 3k 18
6olxiel o] H= g1to] Sl Zhe EIE = gt

o A 2RAIZC| XEFUS AT A 75 | 107



Journal of Korean Institute of Intelligent Systems, Vol. 26, No. 2, April 2016

4. 7tH2} 7|8 XIEFA

41 e e
SHEE R 72 Qo] AFox Bl 28 73 2ol
HEo}l AHAEE7) M2 g dog FEEo] gt} HiE

WZH A D37 79] 9% el AAA S = Al (
I 79 Q8% FE)olrt

TH 219 v o ATR7L = Alo] AAH = 7194 AL 2251
Aot} AL 2=%3)7) ia= 7tz Adst AL AZsok

gt}

SH W EEQ XA E2
Fig. 7. Pavement of CNU

a8 7.

63 kil she Rk
TR wga Bro] wrtde AAE AEsH
AR EZ nlgro 7 =8 51 Frt

A AEA] 27 8ol Hojdl A o] roj= &y} ]

Eﬂ—r‘oﬂ AP} At R 2w UL AR ols) 1A} 9=

o] Qa1 ghe Y Qe BAR= Fhleb} e M dolE
#7734 o] TR Moz Adicks Aoldh. ol R
SIoA PAIe) Aol S Ak TR T o2 PRl

Status it Cionr |

22 8 FARIOIA J2XIS|
Fig. 8. Shadow noise on image process

108 | Zueh - weyE - Y &

P 022 AR, mae) ¥
To|A] 3l H|xjE BRE-L AZEARt 18} Je ke

gt} 29 9 @ o318t 771E 108~180 A3 ke
w7 bl TRAPE Qe TRk AEdc
)4 1AL

27 84 o]3Is} 7

H&3HA %
750l
29 9] kol 79 9 @ ATE P 2 9 b

Aglo] WA 4 1T 5 ek

LT
ot

0 163% 10D 15 BT
La: TR

oY ALz 212
— T s

oaw ez eer) i
LI

(@ (G
a3 9. % o) 01FIst TTioR Wrt 2E
Fig. 9. Detection of red colour

=

PP o) ALFHS s, AEshg ke w2
o 7

olel] FH A GA=l 2fgt elgkow Fol| WefS W .
Al elo Iy Fe e U8, At 2ol 5,
P szt sk m2 o] 24 T} £8 58 = 9i0h

o] S Aktslr] 91 17 109 o] o=t xpgk 7hs AR
ERolrMe] e} diA e Aosiths 71 sl ==

9 29| el wrHo] AEHrRkE AeF ol FFS FA
RS 3.
2] 10, QR REHRZH AN
Fig, 10, Boundary of segmentation
43GUI

GUI(Graphic User Interface)e Visual G+ 60 T2 13&
o344 upoh:} % 118 B GUIZH 3] GPS, Camera, Laser
Sensor, DSP2] U] F0 2 vhrolA] e & B 4 ek oW
Aol -t ;\]_g_o}odq



http://dx.doi.org/10.5391/JKIIS.2016.26.2.105

Camera

Laser Sensor

211, GUI
Fig 11, GUI

5 4

o

o7

51 Me| =l 214

2l efFa) o] 79-=2.0] A} Aol vlsl] AR =, A,
2o} T2} gk ol g Fo] AlFn TR T
Aolck, 2M Al A u) B} 2 E=v} dasict ATBE
obAd 48 el 2 Fu AP LS S

a9 12 A AT 77hg VRt <
THE Zo|2ES o]83iA TS 3ol o] A¥e
T8 vielE]e] §go] FES T 5 e A} =He A
geletlar, AelFaol tigh 7Fe43S 1 4= gigich
T AL} Al 2Bl of] 289 BT 1 20l &
AMEEE Alo)7] Al & 3ol BAISFAL, AlzHle] AlojF7]
100Hzo|c},

rr

Tz
288

A
123

1

Ry

1ok
@w‘ :

a3 12, MelFY M8 77t
Fig. 12. Experimental trajectory

B2 Ho|Fd 77 At ES
Table 2. Lean angle and torque values

Area slope Torque value
@ Flat 400~600
®) smooth uphill 600~700
©) steep uphill 2k 1,000
@ flat 400~600
® flat 400~000
© smooth downhill 200~300
@ flat 400~600
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Table 3. Controller gains

Gains Value
Position P gain 100
Position D gain 50
Position I gain 0.1

Heading P gain 3500
Heading D gain 350
Heading I gain 0.1
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Fig. 14. Autonomous navigation area
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Fig. 15. Autonomous navigation using a camera
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