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Extraction of Road Horizontal Alignment Using Digital Imagery

Lee, Jong Chool - Kang, In Joon * Kim, Nam Sik - Seo, Dong Ju
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Abstract

Data acquired from digital Imagery were processed via Delphi, an object-oriented programming language to
develop a computer aided program, that allows us to build up the information on road horizontal alignment(BC,
EC, R, IP). And the developed program could maximize the visual effects better than traditional programs,
because it used many image data. Comparing with data from traditional horizontal alignment extraction
programs based on the principle of least square method, the data acquired by horizontal alignment information
and kinematic GPS out of the developed road information systems showed the enhanced accuracy of IP value
up to about 2m in the direction of X, Y axes, where the accuracy of curve radius(R) becomes enhanced up to
about 2.5 m.
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Habib.A(2000)2 mobile mapping 95949 TAH 2 ZAHo A53d sty AFsR1, o7 =
VISAT(Video Inertial SATellite)2t= A" dEG3ES AS3AA 2811 A5F4S 92-98%4
Lo FHEYS o, AT 2FE AEFed 339 229 AAE FH 53R 29, Ellum(2001)%
< Mobile Mapping System® °]8&3t4 CCD, IMU(Inertual Measuring Unit), GPS X %<& &A% =}
g9 dZ3 zYn ASAHA G4 wA, Alzd JEEs A7y dgiAdE3e 20m ol AAFY A
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Project Planning

¥ 2. #XYAe| IEYNES 0|
I Camera Calibration I
3 0E9 44 EA(orentation)o] & oje] THE AL
IOIORIAMIAZIE CoNLI Swvey, WS gz BHY 7 A Ad AAX, Y,
GPS Surveying | T/S Surveying . ) -
3 Zo% M8 (0, ¢, )N AT Aideldw, T
Analysis of Control Point Survey | e ggE HEE ALste Aoz2AM UREAYL o7
3 EAQOE FEF F Uth
Digital Image WFEAS 7Hgte] WA 542 dehlie ez
Acauisition with a | DGPS Surveying | 2190} 912X, Yoo FEA2(CKIE AT Aol
Rolleé:;elz/;emc for Exposure Point AU AL Fhujg A~HT GAE BhAbole] BWAE
1 UEtdE Aoz Jthet R FY FAeR ddFad
Analysi of DGPS Surveying X, Y, zd #As= #94 #HE X, Y_C’ Zeoll el &
for Exposure Point 3\:]_54[:1, Azt #AAHE A]’%_]}’}‘E%“-g] Z}'ﬁ;ﬂ w,
4 9, k& Zotol Ttk A-ulgE FAE FAF Ao
Digital lamge Processing A 7R oz dREAHQAE HEWEo|H ¥H 7 o,
with RolleiMetric CDW v oA AT A Alolol Aol 3] & )
r e, £ AIFAZAL AAFEA Atololr e HHHL
| Analysis Result ] & Z¥oh.(Kraus,1997)
4 s dddelxe B4E il 3 dAHuwIy
DevelopmentI (?c Roaq Hcgnzontal Alignment | (hace intersection) ™ F1F ¥4 i3] % (space resection)
S B g BA ol &3, B ANAES A o
I Extraction of Road Horizontal Alignment | s d=d digfe R EALL AAPAN 4 I
IE— Ghel VREA R4 AN ARG 92 EY
1= P el

EARAY dAdE FEE AME7] A8 ddE FHAAZARE o] &30

S AP F&o| 3xd FAA wAstE AE 7IRE S ARSFHEAQ] AdYHer
F e AR g PR R ARRARER LY $EEH ddE] ERPE Adsta oj9t HHE A
A8 AR TS ZAste Zolw 2y 2004 vEbd Zig 2o
S FHuIY e oln dx Ae AHAAS dRee AFAAAM AHolk 37he] VAT R WAATIER
N EFF AXE AAste RAoln, 1A qFE X FHolx /MY BAHHY AP B EHE oW
AL ] R EAE AASte $HoZ N ole 19 33k Zth.(o] AL 2000)

Az HEer] st digE HAFEAA 2R ol&d £A ol M FHA 3% A
ol veptol she, Wl Hg F Ao AWE T AWudigo AxstA ok 7 A
AP EEE 3 | 60~90° o Z =7} o] FolX] aF EEH e
HA 79 B I glejol s, 3 Faw el AL S ) P IS R = etk
AT 379 B o= 3% Abxlel| vepitol gt gxg vy st
o} Al 7 ARl ol 0P B2 Aok
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A4222 o] §3te] GPS AWM o 1054 17 BEE IAstgem, T 4P g GPS

o m&e awdst 2ok Z1ER BEH AW BAH 9NE BHH) 9T FA7)E JAVADAY

GPS %4718 A1&a2em, o F27] WET gae FA% £ A
ro

Zjolw 125 AP T1L 2

F 0 ATESE PR sto] diAAR Gl 23 (B43, B47)2 ﬁ%/\] A FE HAE 57 ojidel BS
H¢l3, PDOPE 2~43t°] v <UdAdE #5& st 2832 B 71&HQ A$ ox= 20lmm, o
y= 16.1lmm, oz= 42.8mm¢<] #Z9 A7t Ui, B47e 71E J A% ox= 246mm, oy= 19.0mm,
0z= 50.5mme #Z9 2x7F Ugrh o dE¥w AAATAZ dEbd RS E 2.9 2.

a2 4, AZtEel & (A309,4422)

# 1. GPS=A7] A4

Receiver Type Legacy-H

Channel 20 Channel GPS L1, GPS L1/L2

GPS L1/L2 (L1-C/A%t L1/L2-Full

Si |
ena Cycle Carrier Phase, P1/P2)

Vertical 3mm + Ippm

Accuracy

Horizontal 5mm + lppm

a9 5 GPSEA719 EF

¥ 2. 71Ed &% 233HGrid, Zone Korea)

Point
Name

Coordinates (m) Sigmas (m)
Northing East Orto H | s(X) | s(Y) | s(@)

B43 | 179364.4965 | 209349.7402 69.9206 { 0.0201 | 0.0161 | 0.0423

B47 | 1793027072 | 209400.5448 70.9263 | 0.0246 | 0.0190 | 0.0505
£422 1 184236.8118 | 207407.7793 | 427.6300 0.0 0.0 0.0

309 Ll79821.0928 211051.9423 | 224.6000 0.0 0.0 0.0

oY 6. A4u=
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& MAAINAG. v wEFol 2 AFE Hagon, AR dLTE Yt M A Mol
BEExHo v 2% Ak 2 AP E L BE5e I 7944 e A 2o
B A7 dgxge 330 F4S 5T AHzE F1dA BE He 23 T2 g
4 ] o

a7] 9Astel 3m 7AA Eol Mg
AdAHEE qug F A= 2
smg olFo gAaA &7l 9o
# mge 19 89 2o

23 3. Photo of observation Area % 4. Experimental Equipment
1. Specifications of Rollei d7 metric® Camera FAFEE ol 8] =2 HUAHRFE H5e7] 4
sfo] #ode auvh YwA ma: Fugez 7
Classification Rollei d7 metric’ sEolnz B ARgAE 18 59 o] 15me 7+2
Recording mode CCD recode o2 14719 Zoneq W o] ul EEololA s
Shutter 1/8,000 sec WS slYstd AASHoeH, T2 AEHE FF
Focal Length 7mm 3t71 Yt Zzte] Zones &t FEHEH #FYsHAh
Dimensions 151 X 102X 106 mm el E2eA ele FASA g 13974 A
Weight 650g (without batteries) & E— 7532. ABERT. A 246 SH 414
WREAHIAS DGPS 7|W¥ol &) A" #93 A
Plxel In X 2552 9 ﬂvﬂa} w29HE AP Y38 5689 Aol
Pixel in ¥ 1,920 QoA EAY 139719 FHEES ZAAT
TFAPder H5E 56709 G4 139709 FAHLE o5t FHEPHOZ (S AARES Y
E 3249 #FEY RMSEE ZonedZ T3t JeEH X 3.3 2o, ol& =A%sd 19 69 e
A A 2o &3] Zonell Zone 129 Ywako] Q47F g2 olfe E29 JFAHARENAN #HIS
st A7) xtgta BodEn
2 AT Me dFsITEAS BE52F A8 2R EE Y Fue BEEE BAE] A
3 20709 HAIRES ol &35t Bl - BAs AT 2 AFAE H4.9 2oh ES 200 HAIEES BT
A XWEeZ 0.0203m, Yo Z 0.0208m, ZHEEo 2 0.0513mE UEYoed, olE EAHez
Bl o9 7.3 #oh
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E 3. RMS of bundle adjustment (unit : m)

Tone RMSE
X Y z
1 0.0815 0.0790 0.1348
Jeet 2 0.0162 0.0165 0.0408
. 3 0.0104 0.0092 0.0355
sevetens 4 0.0183 0.0191 0.0738
: 5 0.0105 0.0067 0.0305
P 6 0.0244 00133 01324
7 0.0132 0.0134 0.0377
8 0.0091 0.0083 0.0629
9 0.0685 0.0440 0.0888
10 0.0072 0.0065 0.0172
11 0.0304 0.1613 0.0357
12 0.2141 05190 0.0507
13 0.0388 0.0421 0.1084
14 0.0177 00136 0.0449
13 5. The type of Section Average 0.0400 0.0680 0.0639
280
g 50
040
E oX
ﬁ 030 ay .
§ : oz 5
Q20 g
. nalnalon I0
1 2 3 4 5 6 7 8 9 10 1" 12 13 14
Zone
a2 6. RMSE of bundle adjustment a2 7. Mean error of check points [X Y, Z]
E 4. The residuals of check points (unit : m)
. Total Station Rollei d7metric” v vy v
No. X(m) Y(m) Z(m) X(m) Y(m) Z(m) (m) (m) (m)
1 178943.403 209463.129 75.366 178943.403 209463.130 75487 0.000 0.001 0.121
2 178940523 | 209462516 | 75448 178930548 209462.642 75556 0.025 0.096 0.108
3 178937.515 | 209461947 | 75522 178937.545 209462.014 75.582 0.030 0.067 0.060
4 178896.318 | 209454182 | 75.604 178896.473 209454.204 75.682 0.155 0.022 0078
5 178893.487 | 209453612 | 75554 178893.641 209453.642 75.693 0.154 0.030 0.139
6 178881827 | 209451349 | 75274 178881.743 209451.333 75352 -0.084 -0.016 0.078
7 178822556 | 209440311 | 72.435 178822.630 209440.267 72.625 0,074 -0.044 0.190
8 178947988 | 209456.084 | 75322 | 178947.8504 209456.1929 | 75317 -0.138 0.109 | -0.005
9 178944.815 | 209455412 | 75416 | 178944.8207 2004555418 | 75.487 0.006 0.130 0.071
10 | 178938915 | 209454.383 | 75563 | 178038.8207 2094544087 | 75488 ~0.094 0026 -0075
11 178930.302 | 209452675 | 75655 | 178930.3075 209452.676 75.735 0.005 0.001 0.080
12 178924.314 | 209451578 | 75815 | 178924.3347 209451561 75.721 0.021 -0.017 -0.094
13 | 178912461 | 209449251 | 75816 | 178912.6045 2094492794 | 75.824 0.143 0.028 0.008
14 | 178897470 | 209446318 | 75624 | 178897.4698 209446.318 75.682 0.000 0.000 0.038
15 | 178894.628 | 209445757 | 75557 | 1788947396 2094456318 | 75707 0.112 -0.125 0.150
16 | 178782780 | 209439.946 | 70.400 | 178782.6096 209440.0184 | 70551 -0.170 0.102 0.151
17 | 178766.008 | 209448535 | 69.726 | 178766.0932 2004485366 | 69.788 -0.005 0.002 0.062
18 | 178763.163 | 2001449.223 | 69.617 | 1787631594 2004492177 | 69.788 -0.004 -0.005 0.171
19 | 178695.040 | 209431.026 | 70.831 | 178695.0839 200431.0279 | 7069 0.037 0.002 -0.136
20 | 178676992 | 209430263 | 71.795 | 178677.1307 2094302688 | 71606 0.139 0.006 -0.189
Average 0.0203 0.0208 0.0513
4. TRYHMIFEE F& Z=2TY
2o d¥dye Hadyn S er FAgREHdEN 21F B dAFdAE HEMEAEFE
Z2a3E MEdte] HHMAE S FEEAY. HAMEAR AREE FAFGANA U FA2E o] &5ty
oot E BEAEARBSEE T2 273 BEE RW 1Y 8% Aok olgd RO A%
of Axte 19 108 Zow, I vighd upe} o] HZF gl st topd PRI YA E
44 @ 5 QA F5PHos @A
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22 8 Horizontal alignment information system of initial screen 23 9. Horizontal alignment information system

Mg 2uezol o5l 2RD AR IP 340 oiE FAUY AT dLAAARY) ADL
H]_u_?SH 2 As IPgte Xwge =z ¢k 0.08m~0.09m, YWEoe 2 ¢ 0.09m~0.1lmAEY L7 wHA
HA BC%k° Xgo 2 o 0.05m~0.09m, YHEFe 2 < 0.03m~0.07mA =], EC2 XWgo=z
oF 006m 0.10m, YHL FoZ 2k 007Tm~09mA =olth 283 FHRARIS A9 Aol7l glv RLez
ey, 2 Ase 56 YET

5.4 E
5. A Comparison of Drawings Values FRAGHE o]REe MAX T
ol Aqole Es: CEduAlE
Drawing Coordinate Programing Coordinate Remarks 4 defe T ==dwEdd
9] Z=Z=3} o 7 7—1‘% 35:’,:_,.9_
X (m) Y (m) X (m) Y (m) dx(m) | dy(m) xﬂ? TEE de 4 ===
- =58 £ Y-
TP1 | 178804.30000 | 209425.90000 | 178804.39700 | 209426.0012 -0.09700 {-0.10120 :
_ - =
. BC | 178824.15927 | 209430.60565 | 178824.23930 | 209430.67570 |-0.08003 |-0.07005 A, FAIALLE Z2ZAHRE
EC | 178786.87612 | 209436.44712 | 178786.94610 | 209436.52710 -0.06998 |-0.07998| =317 98ty T2adZ& wal
R 50.00000 m 49.96130 m 0.03870 m Zone® 4 mAE oA ialog SRS
IP2 | 178759.72000 | 209452.81000 | 178759.80080 | 209452.90070 | -0.08080 | -0.09070 = zAs Fo RMSEE 4~
1| BC | 17877445396 | 20944400147 17877450400 209444.03150 | -0.05004 | -003003| Acz Ugud QurEgl
EC | 178744.60606 | 209444.62280 | 178744.70610 | 209444 71280 | -0.10004 | -0.09000 . i .
/( = — > =
R 30.00000 m 30.00170 m -0.00170 m (11,2008 M= 3 LA
1P3 | 178720.80000 | 209431.69000 | 178720.89990 | 209431 80010 | -0.09990 [ -0.11010] ol F &3] HHFE o4 & UM
| BC [178730.34729 | 209441.78493 | 178739.43730 | 209441.85490 | -0.09001 | -0.06997 ot EH, X9 4E o] gsty 3
EC | 178699.73491 | 209432.09987 | 178699.81490 [ 209432.18990|-0.07999| -0.09003| =3 xlg =g Ax x)axel o
R 80.00000 m 80.0000 m 0m 0] ?9 Dehﬂn% O]-g-’é‘}-():]
=2A4¥8ARJP, BC, EC, R) &&= = AE eIt A, HALAEHRAAE o] &t
71%91 vl el vl wet w Yo xtE X YWIdez o 2m A

Zd IPHEY AA¢ SHLHER) 2718
=, FANAR) ZVe <4 25m A% AF=rt FAFHAG

Z(2001), 53 GPS #HZol 93 =29 HuHy A dFHste]x], 2194, 4135, pp.39~45.
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