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Abstract

Recently, global companies are developing the automobile technologies, converged with state-of-the-art IT
technologies for the commercialization of autonomous vehicles. These autonomous vehicles are required the
accurate lane information to enhance its reliability by controlling the vehicles safely. Hence, the study planned
to examine possibilities of applying UAV photogrammetry of high-resolution images, obtained from the low
altitudes. The high-resolution DSM and the ortho-images were generated from the GSD 7cm-level digital images
that were obtained and based on the generated data, when the positions information of the roads including the
lanes were extracted. In fact, the RMSE of verifying the extracted data was shown to be about 15cm. Through
the results from the study, it could be concluded that the low alititude UAV photogrammetry can be applied for
generating and updating a high-accuracy map of road areas.

Keywords: UAV, Mapping, Lane Extraction, Precision Road Map, Autonomous Vehicle, Advanced Driver
Assistant System
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2] 1A GNSS(Global Navigation Satellite System) $]
Z|7|8k7] 4 §FAT} IT(Information Technology) A1 2] A 1.
Aoz - 2AsAt 7go] &R Uy
L Qlek o]2fgh AeAt 71e2 B V]S 7o 2 2
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Advanced Driver Assistance System) AJH| A5 §FAFSIAL Q)
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= MBI AE AlEskaL(Jeong, 2014), FE A A1 A
28] A2 ApAolE AR, A A9, 524 WA
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A7) Qlck(Jeong and Oh, 2013).
270 A O 2 22 Qe YRS
o) Ahepe] NS ek AL, AA 7|20 2 A
AoTgt 4= glofof Tk, 212 Ak ks Aolalr] 9

10 2 24 A5 Q14 7148 ol o it 2 A
[e]
AN

ofm
o
N
i
3
¢
o

oft w2 ot o o
RO
iy
|

-0,

> 1

N,
o

flo olo
of
o
rr
o
rE
o
re
-
o
=

ol g3H e Aol wAle 245 Ay

A% WA 716 e
QA mER AR oL, 53 7|4
HEEo] 2P E o] 9tH(Go, 2013; Ogawa and Takagi, 2006;
Hechri et al,, 2015). 18} tji 5] 2}A Q14 de]&Le
A o] SHAIBIA) 9 F7kollA] 2R @R1AIEN BAro] Lpeh
U Qlek 2] hmapel whae A4, 13 el TR,
=20] 0], 2H410] gldsol uhE of2] 14 WM aslo.
23] A4 991419) 7hs o] 9180 2 ko] g Al =
A7t B astch v, F WA, S8 Y AES o) okt
S 5 AR H]g-o] go] 4 8 EA|NE AF&-53 A
2o vl a3k g Yo = QA Shiof| 7]ofd 4=
= Ao= AFE I Qlnk 2o ofg] 7HA] 2419 89S
ARk geet A FEE B2 Y A AZke] 7hss)|
gfzolef. ofof] 2 AtollAl= S 71 = ARk 914
= Qs dAsk Alofd = Qles == gl AR
Zofl et A+ =3yskarat gk

L2 AU A s Azel] 93 AR & A= A

o

¢

oz
2 >

w12
it
>
~
of
o
_>il_',
L
E=)
T,
rO
>

_H
)
X
off
;
J
L

i

o2 A 3% 75 A4S ISl olr Park(2013)2 3
2 Aol Mgk A 0] ST S Eatal) sl A2 o

R
12
2
=
ot
S
S
S
4
N
S
ofth
i
2
2
N qilo
Iz
2
lo
fru
B(
oft
2

]
u
]
oo
i
3o 1
i

A4} HuFY o P A AB(MMS ; Mobile Mapping System)

L Kang(013)0] A 2702} 49 A2
2 A o8 A Abolo] MYt
sason B2 AU A% An 759 %
Ak 2L S GAlNA A5 A A
%0 & GPS(Global Positioning System)
2 IMU(Inertial Measurement Unit) 4 2 @} g|o]#] A<t g|o]
B Agjsto] AHdE 5o = 353 Ab7E glon, X2
FEA G RUL A-EHYFY E2AAE P A LS &
Aoz FaASEat ek migAAgE F8 S0cm ©]

el A4 HBHEE st 4 gl =2 A A AL A

o

o ot

)

o=
oo

o lo

fH oo
>

@ i
e

ox
o
1A
olX
ol
3
=3

¢

e oo ox o flo

>,
M
@,
)
ric
o
Iz

|
u

i)

©® A%F AR 5 o] 7T k. mebd 2 o
T Ao ulgoR A TeE G4 HEo] T

3l UAV(Unmanned Aerial Vehicle) A|A8]S 70O & &=
2 4™ AL Al 913 Abm 25 Wehs BASkaA) gt
Tk 2 UAV A28 ARSAIOIT 7]sat Aghsto] o
AHA B 230} sfje), Afsl, SRl FokellA L 5430 14
of whe} chefsiAl A 288kl Qlek UAV Al 2glofgh A
o] g5t e Tl 7lol 4% HxE Ak et GPS
4l INS(Inertial Navigation System) 5= HA|5laL, HZA|
of= AU T 4 YIS FAT A8 elulFheE, UAV
Al 2R S ARl §o 2 g-fo] 7hsdtaL, Z44F SRS 4l
oA FST 4 slenw uHjgo] {R1E5719] FEol
s F

iAllsta ok R, SRS ZokolAE A,



DEM(Digital Elevation Model), 3237 R = 5 T
& A7} choFalA| 42d =L Jtk(Choi, 2010; Kim, 2014).
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Fig. 1. Location of study area
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Table 1. UAV specifications

Drone model SmartOne
UAV type Fixed-wing
Wing span 1.2m

Flight altitude 100~1,200m

Flight speed <50km/h
Flight time <40min

Table 2. Digital sensors(cameras) specifications

Camera model Canon PowerShot S95
Resolution 3,648 x 2,736
Focal length 6mm
Pixel size 2.03311 x 2.03311um
Calibration report No

5 Eq, 29 1L%& Fig 33 o]
H3Y Al 2S HskGick 2 A, oF 222m H|FPaL o)A
23AEO P ARE E}E} GSD(Ground Sample Distance)
460 S F531AaL, ol thet Al
H72o] A3}= Table 3.14- rdgs }
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Fig. 3. Camera locations and data acquisition status

Table 3. Study area and description

Coverage area 1.20knr
Number of images 460
Flying altitude 222.13m
Ground Sample Distance 6.61cm/pix
Tie-points 1,729,969point
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Fig. 5. Digital images acquired by the UAV system (zoom)
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Table 4. Aerial triangulation results

X(m) Y(m) H(m)
Mean 0.022 0.029 0.025
RMSE | 0.027 0.041 0.042
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Fig. 7. DSM (orthogonal view)

Fig. 9. Orthophoto
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Fig. 11. Road elevation extraction results
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Table 5. The accuracy assessment results of extracted road data

Accuracy evaluation(Difference)

CI\}I;ICI;};;E{S Network RTK - UAV Photogrammetry (D Network RTK - Manned Aeria Photogrammetry 2

DX(m) DY(m) DH(m) DX(m) DY(m) DH(m)
CP001 -0.038 0.080 -0.297 -0.113 -0.024 0.011
CP002 -0.003 0.017 -0.207 -0.041 -0.091 0.112
CP003 -0.034 0.209 -0.146 -0.065 -0.035 0.050
CP004 -0.055 0.015 -0.117 -0.053 -0.075 0.049
CP005 -0.018 0.302 -0.091 -0.063 -0.084 0.098
CP006 -0.002 0.126 -0.069 -0.106 -0.027 -0.001
CP007 0.027 -0.001 -0.085 -0.016 0.095 0.087
CP008 -0.243 0.059 0.004 -0.024 -0.040 0.079
CP009 -0.024 -0.139 -0.042 -0.015 -0.003 0.150
CP010 -0.022 -0.111 -0.001 -0.089 -0.098 0.071
CPO11 0.037 -0.086 0.112 -0.077 -0.016 0.069
CP012 0.012 -0.073 0.098 -0.073 -0.072 0.142
CP013 0.059 0.074 0.050 -0.063 0.006 0.214
CP014 0.104 -0.007 0.110 -0.101 0.031 0.120
CPO15 0.011 0.329 0.063 -0.054 -0.060 0.132
CP016 0.020 0.023 -0.055 -0.018 0.034 0.099
CP017 -0.036 -0.143 -0.015 0.031 0.011 0.050
CPO18 -0.026 -0.015 -0.046 -0.138 -0.002 0.074
CP019 -0.056 0.005 -0.048 -0.142 -0.010 -0.024
CP020 0.021 -0.083 0.043 -0.149 -0.053 0.064
Mean -0.013 0.029 -0.037 -0.068 -0.026 0.082
RMSE 0.068 0.135 0.112 0.085 0.055 0.101

Table 6. Location accuracy regulation of national base map
RMSE
Plane Elevation Remark
Digital Map 1/1,000 +0.7m Within Ah/3 AI} .
1/5,000 +3.5m Within Ah/3 contour interval
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