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The 3-D Visualization Method of Roads Using Digital Imagery

Young-Do, Lee

Department of Civil Engineering, Graduate School of Industry,

Pukyong National University

ABSTRACT

Technologies in the construction industry are developing rapidly with the
progress of the industrial society, but a variety of civil engineering structures
have problems such as deformation and breakdown after construction, which
bring preat anxieties to the society., The quality control of standards to cope
with these problems has bheen improved significantly thanks to the emergence
of new advanced measuring machines and the progress of computer
application technclogies, and digital images are utilized extensively throughout
different fields including construction, archaeology and traffic accident analysis.

In addition, the use of digital images is increasing along with the development
of onfine data acguisition and processing and highly accurate real-time digital
image processing technologies. Furthermore, the combination of digital photographic
survey techniques, global positional system (GPS) and inertial measurement unit
(IMU) produces new technologies to acquire 3-dimensional positioning data
about geometric shapes and road facilities.

Accordingly, the present study purposed to evaluate the practicability of
digital photographic survey systems for gathering road positioning data and
propose 3-dimensional visualizing techniques for convenient maintenance and
management. The results of this study are considered useful and expected to
contribute to the efficiency of economic, time and human resources in using,

maintaining and repairing roads.
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Research Planning

: 2
Camera Calibration
: !

Photogrammetic Control Survey

.
Digital Image Acquisition

with a Rollei d7 Metric® Camera
2
Digital Image Processing
with Rollei Metric CDW
2

Result of Analysis
: 2

3D Visualization of Roads

with Surfer

<Figure 1.1> The Flow Chart of 3D Visualization of Roads
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<Figure 3.2> Rollei d7 metric” Camera

<Table 3.1> Specifications of Rollei d7 metric’ Camera
Classification Rollei d7 metric”
Recording mode C-CD recode
Shutter N 1/8000 sec
Focal Length Tmm
Bimensions 151 2 102X 106 mm
Weight A : 650g (withoutibatteries)
Pixel in X | 2552
41;ixel inY | 1,920
-Sensor in X ) | 8.932
 Sensor in Y 6.720
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3.2 7} 2} Calibration

B odAqte] A #do] 4182 Rollei d7 meuic” 7hvlete] @l=g st
7] 913 2Agde Masdut. <Figure 33> ol ©F 8mxb5m HiE HW

ey, =29 H swingdS WEAIZIEA 12

e o o o o o o 9
o ¢ o o o o o o
swing 90 swing 270
| ® ¢ o o o o o o
1
| . swing 180° N
® e I Y Y °® ® o
I o L] o ® Y & @]

<Figure 3.3> Test Field for Correction of Radial Distortion
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W, A ARET Axde] 93 ddsss £dde vedd
<Figure 3.4>3} T}
<Table 3.2> Data of Camera Calibration
Calibration [Rollei d7 metric’ Cameral
cK ' ~7.422 mm |
xH “ 0.6875 mm
Interior yHF 0.0998 mm
Orientation Al -2.1884e-003
A2 3.5727e-005
RO 3.00 mm
1. Calibrated Focal Length
2. Coordinates of Principal Image Point
3. Parameters of Radial-Symmetric Distortion
4., Radius from Principal Point when Radial Distortion is zero
dr [105meter]
’ 112 ‘2.24 3.36 | 4.48 r[mm]
-18.66 [ : :
~37.32 ‘ |
-55.88 ‘. ‘
-74.64 . | . g

<Figure 3.4> Profiles for Calibrated
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B AR F9FAY A wEAAY FAGYA s
FozAYAA doln A4BEe FREE BHNY) A3 GPS 2%

x)
S ol g3ty R FHY BAL AASH] §7 FES dAsHan,

B Ad7lEd 2 dArAde 245 #3 Total

WA, e AgrlEgel AU 3 Astel WA 2
Aol 27HE A3095F £4228 olBeled GPS AR OR 1024

1A #&E5 AAstg e, & A7 43" GPS F47|e] &

o
flo

(a) £309 (b) ~422

<Figure 3.5> The Shape of Triangulation Points

#Hzo ALg " AR 2 TOPCONAR| A Al z2F GPS 42715 AFE3st
gom o FA7E LI/L2 C/A =% PaE B ghda f4s F4
¢l gulolth. A9 AYL <Table 33> WERMAAS, EFE <
Figure 3.6>9 e ST

mek
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<Table 3.3> Specification of GPS Receiver

Recciver Type Legacy”H
Channel 20 Channe GPS L1, GPbLl/L9
) GPS Ll/L(’ (IL1-C/A & LI1/L2-Full
Signal
Cvcle Carrier Phase, P1/P2)
V ertical bmm + lppm
Accuracy -

Horizontal  3mm + lppm

<Figure 3.6> GPS Receiver

of thaalge] F 3 B43, B47E @53
B3 9195 Bt 57 ol4ol HEHKIT, PDOPE 2~4 Aol = ¥|ad
dg driield. el Bael 1EHe A% 0. =Wlmm. a,

b e 3

1

=16.1mm, ¢.=42.8mm, B472] 7|F38 3 HST o« 246mm, o,= 19.0mm,

.= 505mme #E2oAE el or, ol& wslelH <Figure 37>
3ozh}, g A)For olgd ArtHI SHE AYTIEHY #His

<Table 34> vFebdl v} g},
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<Figure 3.7> Sigmas of Adjustment network

<Table 34> Adjusted coordinates in Korea(Grid, Zone Korea)

Point ) Coordinates - Sigmas (mm)
Name | Northing(m) | East(m) Ortho(m) | s(x) | s(y) | s(z)
B43 | 179364.4965 | 2093497402 | 69.9206 | 20.1 161 428
B47 | 1793027072 | 2094005448 | 709263 | 246| 190 505
A422 | 184236.8118 | 207407.7793 | 427.6300 0.0 0.0 0.0
A309 | 179821.0928 | 211051.9423 2246000 0.0 0.0 0.0

ol @A GPSE ol o8] AAH B43® B4TE HAl HddA ol & A
$A2H A3 Y FANAEE Asdd 93 499 HE9 vag)
gl AAES SAsY] A TS S%9 7ledes ofgHNe, & <
Folle =249 Lane MarkingS #AAHoR Aldetdrd. HAEe F
58 9 AFE® Total Station> TOPCONAMe A A =& A8 S AHESh
gdon mdyge GTS-7010)x FHl2) Agl& <Table 35> Zvh %3¢

AzAos A9¥ PAAe 349 HHEE <Table 36>e] ehd s}

_27_



<Table 3.5> Specifications of GTS-701

B Model GTS-701 B
| Objective Lens | 45mm (EDM : 50mm) |
Magnification 30 x
Telescope ; g ]
| Resolving Power | 25"
Minimum Focus i ~ 13m B
1 Prism 2.400m
. Measurement - -
Distance R 3 Prism 3,100m
Measurement AnEe 9 Prism 3,700m |
Accuracy + CZmm + 2ppm) m.s.e
Angle Angle Display - ] 05" / 1"
Measurement Accuracy | 1"

<Table 36> The Result of Control Survey [3D Coordinatel

[ !
No. X Y z No. X Y Z

1| 178943.403 | 209463.129 | 75.366 | 11 178930.302 | 209452.675 | 75.650

2 178946,523 209462.546 75448 | 12 178924.314 209451.578 75,—315
3 1 178937.515 | 209461.947 | 75.522 13 178912.461 209449.261 75.816*
4 178896.3187 209454.{82 70604 [ 14 178897.470 | 209446.318 75.624v
5 1178893.487 | 209453.612 | 755564 | 15 7 178894.628 | 209445.757 75.55
6 | 178831.827 2()9451.349 752714 16 “ 178782780 | 209439.946 | 70.400

. , = :
8
9

178822.556 | 209440.311 | 72.435 17 178766.098 | 209448535 | 60.726

178047.98% | 200456.084 | 75.322 | 18 | 178763.163 | 209449.223 | 69617
178944.815 | 209455.412 | 75.416 | 19 | 178695.049 | 200431.026 | 70.831
10 178938.915| 209454383 | 75563 | 20 | 178676.992 | 200430.263 | 71.795

34 Q== #
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) g OOBel A AAR AdFHoR T
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<Figure 3.8> The Shape of a Observation Area

<Figure 3.9> The Shape of a Observation Equipment
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<Figure 3.11> The Shape of Section
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<Figure 3.12> Satellite Visibility
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<Figure 3.13> PDOP of GPS
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<Table 3.7> Analysis Result of Exposure Point

Section. No. X v 7 i Deviation De‘Viation Deviation
o - X {m) | ¥ (m) Z {m)
1 178861.797 | 209434.072 |  76.562 0.025 0.024 0.025
N 2 178849.804 | 209430.817 78189‘ 0.059 0.181 0.286
" 3 i 178859.455 209:4445.377 76.557 0.026 0.026 0.041
4 | 178849.876 | 209443.437 78.596. 7 0.020 0.018 0.025
” 1 178846.339 209429.992 78.193 0.018 N 0.015 0.039M 4
47772 178834.903 269427.510 71372 0.017 0.020 0026
3 1178848.331 | 209443.019 76.SBi (0.224 | 0.093 0.417‘7571”?*
4 ” 178835.333 209’439‘944 77.755 0.063 0.106 0.018
1 “178832.]33 209456718 77.305 0.019 6.022 0.226
I 2 178820.403 | 2094247737 767.733 0.01077 (0.007 O.QT% ]
3 178530.293 209438.66;4 77.430 0.014 0.0lé- 0.016
771‘1“ 178821.446 209"436.559 T7.002 0.057 “0.069 0.026
B 1 ]7881‘7‘133 209423954  76.742 0.008 | 0.005 0.012
72 L 178805177 2094é4.536 762'%0 (0.009 --...0‘009 0.109
3 178817.401 209;36.677 76.713 0.021 “ 0.081 0.0’Z%ﬂﬁ
4 178808.661 | 209436.756 76.185 0.0217 | 0.021 00197ﬁ
1 178801.238 | 209425.004 76.050 0.013 " 0.008 0.015
2 17878955? 209429.402 —. 7775.324 0008 0.010“-” 0.014 N
3| 178804680 | 200437384 75973 | 0016 | 0024 | 0011
4 ‘178796.418 209439.939 70.475 0.039 0.055 0.020
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48l A2 379 ZFEe] RMSEE FoddR

M
o
)

<Table 41> RMSE of Each Section

Col=2 =AEE <Figure 4.2> ~<Figure 4.6> 1}

RMSE
Section '
X (m) Y {(m) 7 (m)
1 0.01321 0.01343 0.03770
II 0.00910 0.00831 0.06287
m (.06850 0.04395 0.08877
\% 0.00719 0.00647 0.01723
A% 0.03035 0.16130 0.03267
0.04 - :
RMSE (m) W
0.03
0.02
0.01
0 L - I - —
X Y

<Figure 4.2> RMSE of Section [ [X, VY, 7]
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<Figure 4.3> RMSE of Section [ X, Y, 7]
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<Figure 4.4> RMSE of Section I [X, ¥, 7]
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<Figure 45> RMSE of Section IV [X, Y. 7]
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<Figure 46> RMSE of Section V [X, Y, 7]
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42 ANFEA

E oM e dEgasdy 42 o6 248 tidE 3344
HAue ABEE BAs7] 98] GPS &334 Total StationZ el &g 7
27 AnAgssiel o]z Hlustg oo, 1 @3 <Table 4259 7
<Table 42> The Residuals of Control Points

Total Station Rollei d7metric” v, vy v,
A X(m) Yim) |Ztm) | Xtm) Yom) [ 2Ztm) | M) (m) | (m)

1 |178943.4031200463.1 20| 75.366| 176943.403 | 200463130 |75.487| 0.0000 [ 0.0010 | 0.1210

5 |178040.523/200462516|75.448 | 178040548 | 209462.642 |75556| 0.0250] 0.0960 | 0.1080

3 [178937515|200461 947|75.522 | 178037545 | 200462.014 | 75.582| 0.0300] 0.0670 | 0.0600

4 178896,318|200454,152] 75,604 | 178896473 | 200454204 75.682| 01550 | 0.0220 00780

5 178893 487|209453.612|75.554| 178883.641 | 200453.642 | 75.693] 01540 10,0300 0.1390 |

6 178881.827|209451 340| 75.274| 178881743 | 209451333 | 75.352|-0.0840 | -0.010 | 00780

7 [178822,556]209440 311 72.435] 178822.630 | 200440.267 | 72.625| 0.0740 | -0.040 | 0.1900
4 |17047.9881200456.084] 75.522 178947 8504 | 2004561929 75,317 |-0.1380 | 0.1090 | ~0.000

9 178944815 9()9455;—;1;i2 75.416 ]/89—14 890{ 209455.5418|75.487 0.0060 0.1300 | 0.0710

10178938915 200454.383 75,563 | 1 7893, 8207 209454.4087 | 75.488] -0.0940 | 00260 0070

11 ]/8()'30 '302 209452.675|75.655 ]78‘:)3().507.)72()94 52.676 {5.7.'5;*; O()O 0.0010 | 0.0800
12 178004 314200451 578 | 75.815| 178024 2347} 200451561 75721 0.0210 | -0.010 -0.0%0

13 178912.461 )O()’Hq 251|75.816|173912.6045(209449.2794 | 75.824 | 0.1430 | 0.0280 | 0.0080

14 178807.470[209446.318 | 75,624 178897.4608 200446.318 | 75.682) 0.0000 | 0.0000 | 0.0550

15 | 178804628 200145.757 75,557 | 178404739 200445631875, 707011200 | -0.120 01500 |
16 |178782.780|209439.946| 70400 | 178782.6006 | 200440.0484 | 70.551 | -0.1700 | 01620 | 0.1510

17 |178766.008]200448.535(60.726 1787660032 200448 5366 69.788] -0.0050 | 00020 | 0.0620

18 | 178765,163|200449.223| 60.617 |1 78763.1584 | 200449 2177 |69.788|-0.0040 | -0.000 | 0.1710

19 [178605.040]200131.026|70.551 | 178695.0859 | 200431 0279 70.605| 0.0270| 0.0020 | -0.130

20 | 178676 992|200130.263| 71 795, 178677.1307| 2004302683 | 71.606| 01390 | 0.0060 | 0180 |
o o R - . 0.0203 O:OEU() 0.0013
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<Figure 4.7>3 7t}
0.025 - -
RMSE (m}
0.02
0.015
0.01
0.005
ol ]
X Y
<Figure 4.7> RMSE of Control Points [X, Y, Z]
43 =2 379 A7tst
B Ao giaeze) AEE s g 35 9 Ay, X
A7y, makqiel o8] A 329 #EE °l88e] 3D Surface Model

2 vtk oF 30mel AM4E 953495 E 3D Surface Moded =

LFER W <Figure 4.8>3 <Figure 4.9>% #v}.
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<Figure 4.8> A 3D Surface Model (Strait Segment)
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<Figure 4.9> A 3D Surface Model (Curve Segment)
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