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The Extraction of Alignment Information on Railroad

Using Digital Imagery

Yoon-Sung, Kang

Department of Civil Engineering, Graduate School,
Pukyong National University

ABSTRACT

Railroads made many contribution to modernization being developed so
quickly as public transportation, but after middle of 20 century, its qualities
are getting low because of focusing on the investment and development of
cars and airplanes. Its role which is getting the excellent merits on the mass
transportation, rapid transit, safety, state period, energy efficiency, and
prevention of environmental pollution has been reconsidered.

An information establishment of express railroad and the existing facilities
have been rising as a mandatory clause in order to make for between a traffic
route in northeast asia and a transcontinental railway in the future. Especially,
the information about railroad alignment is essential to understand because it
can provide materials of an information establishment to other facilities.

Element of horizontal alignment in an existing railroad line is needed as
basic materials, when it will be improved or moved. If its design drawing
was lost or damaged, it is impossible to recover. It is not easy to repair for it
as disasters. We must understand an existing railroad line to bring a function
included a basic geography situation.

In this studies we acquire, analyze, and handle the digital picture of
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railroads and then reappear shape of three dimension. But also we want to
contribute to establish the facilities information choosing materials of existing

railroad line in outputting the alignment element by reverse.
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Figure 1.1 The Flow Chart of Thesis
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Table 2.2 Design Speed by Level of Railroad®

Level Design Speed (km/hr)
nEA 350
154 200
29 150
3uA 120
454 70

Table 2.3 Radius by Level of Railroad™

of wz} Table 239 =ZL7] o]o =

3

Level Radius (m)
&AM 5,000
194 2,000
2w 1,200
384 300
454 400
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Table 2.4 Transition Curve Length by Level of Railroad™

Level Transition Curve Length
aEA 2,500
14 1,700
294 1,300
34 1,000
454 600

2.1.2 Cant
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Figure 2.3 Collinearity Condition

A7) FQAEAT P} AR B UE Alole] BAE FQude et
stx wAel oa 2259 wol BAH AN, A5z s A
442 olgad 42 6% 2L FAxAY B BT & Ak

y,| = s-R| Y,—Y, (2-5)

o 714,

_12_



X — x, = —f (X, — Xo) + 7p(Y,— Vo) + nig(Z,— Z)
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(2-6)
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Figure 2.8 Radial Optical Distortion
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Figure 2.9 Radial Distortion of Lens
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Figure 3.1 View of Test-field Area
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1) Digital Camera

HoAgol e gidTzhe] FEXNIAHRE FEE7] Y9 A" RS
Rolleirtoll 4 A28 d7 metric’® AM4-3t.2™, Camera® 4 2 A%
& Figure 3.29 Table 3.13 Zt}.
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|
Figure 3.2 Shape of Rollei d7 metric’ Camera

Table 3.1 Specifications of Rollei d7 metric’ Camera

Classification Rollei d7 metric® -
7 Igeg:iofdirrléﬂnilcr)de 7 - CCD recodeﬂ ” -
Shutter 1/8,000 sec
Focal Length 7 mm
Dimensions 151x102x106 mm
Weight 650g (without batteries)
Pixel in X 2,952
Pixel in Y 1,920
Sensor in X 8.932
Sensor in Y 6,720

2) Total Station

A AFHEAGeAA AG7IERS AAEES F7FE7] A8 Total
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Station® AFE-3tion, 1 Aule EF3 A2 Figure 3.3 Table 3.2
o YeEAT.

Figure 3.3 Shape of Total Station

Table 3.2 Specifications of Total Station

Model GTS-701
Objective Lens 45mm (EDM : 50mm)
Magnification 30 X
Telescope B
Resolving Power 25
Minimum Focus 1.3 m
1 Prism 2,400 m
Measurement .
Distance 3 PI‘lsm 3,100 m
Range —
Measurement 9 Prism 3,700 m
Accuracy +(2mm + 2ppm) m.s.e
Angle Angle Display 05”7 /17
Measurement Accuracy 1”
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3) GPS Receiver

AFAAE 71:3 B=S 3] JAVADAS] GPS Receiverg® Al
st oM o] A7+ LI/L2 C o PRE % dHiga S FAE

A

T Aok AHle BEFE Figure 349 2o, A¥2 Table 3.33% &t

Figure 3.4 Shape of GPS Receiver

Table 3.3 Specifications of GPS Receiver

Receiver Type Legacy-H

Channel 20 Channel GPS L1, GPS L1/L2
Signal GPS L1/L2 (L1-C/A®}t L1/L2-Full Cycle
igna
£ Carrier Phase, P1/P2)
Vertical 3mm + lppm
Accuracy

Horizontal 5mm + lppm

- 29 -



33 AxAHY A=

3.3.1 Camera Calibration

2 A3 #gdo] A122 Rollei d7 metric” Camera®] dA=E #A
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Fig. 3.5 Test Field for Correction of Radial Distortion
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Camera ARZAFH A zd"o] I wWAFES

Figure 3.6% 7t}

Table 3.4 Data of Camera Calibration

=44oz Yl

Calibration [Rollei d7 metric’ Cameral
cK ! ~7.422 mm
xH ? 0.6875 mm
Interior yH ? 0.0998 mm
Orientation A1’ -2.1884e-003
A2°? 3.5727e-005
RO * 3.00 mm

Calibrated Focal Length
Coordinates of Principal Image Point

Parameters of Radial-Symmetric Distortion

> W N

Radius from Principal Point when Radial Distortion is zero

dr [10° meter]

~18.66 | | e
3732 , AN
-55.98
-74.64

| 2.48 1 [mm]

Figure 3.6 Profiles for Calibrated Radial Distortion
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Figure 3.7 GPS9 9% 715
o} 2t}

fat)
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Figure 3.7 Shape of GPS Survey

Table 3.5 The Result of GPS Survey

No. X (m) Y (m)
) 192861.3456 208010.4363
@ 192933.7598 208010.1268
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Figure 3.8 Shape of Total Station Survey
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Table 3.6 The Result of Control Survey

No. X(m) Y(m) |Z(m)| No. X(m) Y(m) |Z(m)
1 192926.145 | 208047.358 | 23.801 26 192822.203 | 208078.627 | 22.690
2 192925.346 | 208047.057 | 23.798 27 192819.908 | 208079.007 | 22.644
3 192925.015 | 208047.934 | 23.788 28 192817.663 | 208079.490 | 22.640
4 192924.227 | 208047.426 | 23.786 29 192816.935 | 208078.973 | 22.551
5 192923.103 | 208047.836 | 23.774 30 192815.754 | 208079.191 | 22.533
6 192921.958 | 208048.183 | 23.761 31 192815.248 | 208079.898 | 22.601
7 192919.766 | 208049.134 | 23.722 32 192814.560 | 208079.444 | 22.525
8 192919.432 | 208049.926 | 23.723 33 192814.038 | 208080.106 | 22.583
9 192918.656 | 208049.425 | 23.718 34 192813.340 | 208079.657 | 22.504
10 192917.506 | 208049.834 | 23.704 35 192812.875 | 208080.203 | 22.555
11 192917.184 | 208050.674 | 23.699 36 192811.717 | 208080.508 | 22.555
12 192916.441 | 208050.258 | 23.694 37 192811.040 | 208079.998 | 22.469
13 192916.058 | 208051.087 | 23.691 38 192810.537 | 208080.707 | 22.542
14 192914.932 | 208051.500 | 23.676 39 192809.847 | 208080.171 | 22.454
15 192914.052 | 208050.983 | 23.666 40 192809.379 | 208080.890 | 22.526
16 192913.725 | 208051.934 | 23.665 41 192808.692 | 208080.398 | 22.447
17 192912.935 | 208051.358 | 23.662 42 192807.555 | 208080.646 | 22.445
18 192911.820 | 208051.724 | 23.657 43 192807.120 | 208081.253 | 22.509
19 192911.485 | 208052.699 | 23.657 44 192806.424 | 208080.760 | 22.423
20 192910.637 | 208052.135 | 23.654 45 192805.954 | 208081.480 | 22.507
21 192910.351 | 208053.097 | 23.661 46 192805.284 | 208080.980 | 22.423
22 192909.479 | 208052.481 | 23.658 47 192804.778 | 208081.576 | 22.484
. 23 192823.770 | 208077.699 | 22.642 48 192803.628 | 208081.732 | 22.485
24 192823.326 | 208078.386 | 22.705 49 192803.004 | 208081.267 | 22.410
25 192822.619 | 208077.846 | 22.619 50 192802.495 | 208081.838 | 22.476
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Figure 3.9 Shape of Photogrammetric Control Survey

Figure 3.10 Shape of Observation System
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Photogrammetric Control Survey

¥

Acquisition of Images

Digital Image Processing with RolleiMetric CDW

\

Input of Interior Orientation Element by Camera Calibration

\

Input of Camera Exposure Positions

\

Image Point Measurement

\

Multi Image Orientation

\

Input of Observation Points

\

Bundle Adjustment

¥

Extraction of 3D Coordinates

Figure 3.11 The Flow Chart of 3D Coordinates Acquisition

59 oAEe tAd FddA 74 2AH 33 #EE 2A6H
28 RolleiMetric CDW(Close-Range Digital Workstation)& ©|-83+31th.

A, Camera Calibrationol <8 ZA="E WHEEAHSL
Camera 9%& ¥tz ZRZHE #F3A. + 9

= 2=
Zug

&2 Figure 3.12¢9F Zo}
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Figure 3.12 Image Point Measurement

olgA A&E ANAM FE #AZH FAHL OdFTIYRAS A F

a3 2ol 12709 7EAE d¥sdd. BF I
AEAI A5z 93] giddel 33 #AxRE J5T + dUeH, §
3 3249 AEE 10m HF 22 F 547 A(STA0~520, STAL28) 4

Table 3.7 Inputted Control Points

Control X (m) Y (m) 7 (m)
Point

1 192926.145 208047.358 23.801

6 192921.958 208048.183 23.761

8 192919.432 208049.926 23.723

12 192916.441 208050.258 23.694

16 192913.725 208051.934 23.665

20 192910.637 208052.135 23.654

23 B 192823.770 208077.699 22.642

_ 27 192819.908 208079.007 22.644
30 192815.754 208079.191 22.533
36 192811.717 208080.508 22.555
42 192807.555 208080.646 22.445

48 ! 192803.628 208081.732 22.485
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Table 3.8 Adjusted Object Coordinates

Section

Inside

Qutside

X(m)

Y(m)

Z(m)

X(m)

Y(m)

Z(m)

0 m

193107.0641

207983.0989

24.9685

193107.5506

207984.4915

24.9686

10 m

193097.6390

207986.4410

24,9305

193098.1102

207987.7900

24.9300

20 m

193088.1857

207989.7024

24.8827

193088.6801

207991.1179

24.8828

30 m

193078.7502

207993.0148

24.8478

193079.2408

207994.4192

24.8470

40 m

193069.3101

207996.3139

24.8101

193069.8012

207997.7199

24.8116

50 m

193009.8646

207999.5977

24.7748

193060.3610

208001.0189

24.7813

60 m

193050.4276

208002.9057

24.7535

193050.9164

208004.3051

24.7525

70 m

193040.9870

208006.2034

24.7208

193041.4811

208007.6180

24.7278

80 m

193031.5436

208009.4930

24.6905

193032.0407

208010.9164

24.6901

90 m

193022.1044

208012.7950

246333

193022.5985

208014.2094

24.6327

100 m

193012.6636

208016.0921

24.5837

193013.1537

208017.4951

24.5866

110 m

193003.2183

208019.3762

24.5313

193003.7139

208020.7953

245341

120 m

192993.7792

208022.6783

244914

192994.2724

208024.0905

24.4907

130 m

192984.3416

208025.9348

244392

192984.8395

208027.4102

24.4440

140 m

192974.9094

208029.3064

24.3745

192975.4040

208030.7224

24.3739

150 m

192965.4725

208032.6147

24.3040

192965.9659

208034.0274

24.3025

160 m

192956.0293

208035.9050

24.2451

192956.5258

208037.3265

24.2437

170 m

192946.5898

208039.2060

24.1776

192947.0831

208040.6183

24.1724

180 m

192937.1485

208042.5017

24.0878

192937.6404

208043.9101

24.0870

190 m

192927.7021

208045.7829

23.9903

192928.1993

208047.2064

23.9900

200 m

192918.2987

208049.0912

23.8874

192918.7312

208050.5219

23.8876

210 m

192908.8611

208052.3639

23.7657

192909.2795

208053.8162

23.7805

220 m

192899.4664

208055.6414

23.6635

192899.7563

208057.0957

236776

230 m

192889.8947

208058.8559

23.5342

192890.2139

208060.3212

23.5758

240 m

192880.3743

208061.9586

23.4180

192880.6512

208063.4688

23.4753

250 m

192870.8375

208065.0011

23.3119

192871.0400

208066.5354

23.3771

260 m

192861.0955

208067.8867

23.1982

192861.3913

208069.3603

23.2807

270 m

192851.7521

208070.5218

23.0795

192851.8627

208072.0456

23.1856
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Table 3.8 Adjusted Object Coordinates [Continued]

Section

Inside

Qutside

X(m)

Y (m)

Z{m)

X(m)

Y({m)

Z(m)

280 m

192841.9090

208073.0447

22.9628

192842.0224

208074.6069

23.0908

290 m

192832.0828

208075.4096

22.8443

192832.2327

208076.9163

22.9832

300 m

192822.3320

208077.4406

22.7311

192822.4394

208078.9474

22.8703

310 m

192812.3553

208079.2251

22.6168

192812.4960

208080.7581

22.7536

320 m

192802.2956

208080.7607

22.5053

192802.5061

208082.3685

22.6431

330 m

192792.3863

208082.1054

22.2298

192792.5810

208083.5929

22.3680

340 m

192782.5380

208083.1131

22.1399

192782.6960

208084.6049

22.2790

350 m

1927727846

208083.8317

22.0609

192772.8950

208085.3278

22.1997

360 m

192762.9822

208084.3516

21.9954

192763.0432

208085.8501

22.1306

370 m

192753.0390

208084.6548

21.9526

192753.0897

208086.1541

22.0941

380 m

192743.1780

208084.6973

21.9395

192743.1954

208086.1974

22.0745

390 m

192733.2693

208084.4802

21.9351

192733.2645

208085.9810

22.0749

400 m

192723.4789

208084.0165

21.9381

192723.4374

208085.5165

22.0631

410 m

192713.9181

208083.3430

21.9516

192713.8221

208084.8402

22.0611

420 m

192704.0877

208082.4755

21.9834

192703.9630

208083.9709

22.0782

430 m

192694.2753

208081.4375

22.0286

192694.1252 |

208082.9302

22.1057

440 m

192684.4842

208080.2342

22.0664

192684.3084

208081.7240

22.1316

450 m

192674.7182

208078.9116

22.0995

192674.5176

208080.3982

22.1475

460 m

192664.8220

208077.4704

22.1336

192664.6214

208078.9570

22.1666

470 m

192654.9246

208076.0333

221797

192654.7241

208077.5249

22.1970

480 m

192645.0237

208074.6324

22.2203

192644.8231

208076.1190

222245

490 m

192635.1259

208073.2035

22.2372

192634.9253

208074.6901

22.2374

500 m

192625.2280

208071.7752

22.2523

192625.0274

208073.2618

22.2537

510 m

192615.3301

208070.3470

22.2700

192615.1295

208071.8336

22.2700

520 m

192605.4322

208068.9187

22.2835

192605.2316

208070.4053

22.2865

528 m

192595.5343

208067.4904

22.2836

192595.3337

208068.9770

22.2906
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Table 3.9 The Residuals of Control Points

Total Station Digital Photogrammetry Error

X(m) Y(m) Z(m) X(m) Y(m) Z{m) |Ex(m)|Ey(m)|Ez(m)

2 1192925.346 | 208047.057 | 23.798 | 192925.348 | 208047.057 | 23.807 | -0.002| 0.000; -0.009
3 1192925.015|208047.934 | 23.788 |192925.020 | 208047.933 | 23.787 | -0.005| 0.001| 0.001
4 1192924.227 | 208047.426 | 23.786 |192924.232 | 208047.426 | 23.787 | -0.005; 0.000] -0.001
5 [192923.103208047.836 | 23.774 | 192923.108 | 208047.836 | 23.770 | -0.005{ 0.000, 0.004
7
9

192919.766 | 208049.134 | 23.722 {192919.765|208049.135| 23.714 | 0.001| -0.001| 0.008
192918.656 | 208049.425 | 23.718 |192918.656 | 208049.426 | 23.712 | 0.000{ -0.001| 0.006
10 |192917.506 | 208049.834 | 23.704 |192917.504|208049.834 | 23.699 | 0.002] 0.000 0.005
11 |192917.184 | 208050.674 | 23.699 |192917.180|208050.676| 23.691 | 0.004] -0.002| 0.008
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Table 3.9 The Residuals of Control Points [Continued]

Total Station Digital Photogrammetry Error

No.
X(m) Y{(m) Z(m) X(m) Y (m) Z(m) |Ex(m)|Ey(m)|Ez(m)

13 1192916.058 | 208051.087 | 23.691 |192916.053 | 208051.087| 23.686 | 0.005] 0.000| 0.005

14 |192914.932|208051.500| 23.676 |192914.927 |208051.499| 23.675 | 0.005| 0.001| 0.001

15 [192914.052|208050.983 | 23.666 | 192914.048 | 208050.983 | 23.670 | 0.004| 0.000| -0.004

17 [192912.935{208051.358| 23.662 |192912.933|208051.359| 23.667 | 0.002| -0.001| -0.005

18 [192911.820 | 208051.724 | 23.657 |192911.821|208051.723 | 23.662 | -0.001| 0.001] -0.005

19 |192911.485|208052.699 | 23.657 |192911.488|208052.698| 23.659 | -0.003| 0.001] -0.002

21 |192910.351 | 208053.097 | 23.661 |192910.355|208053.097 | 23.663 | -0.004| 0.000| -0.002

22 |192909.479 | 208052.481 | 23.658 |192909.484 |208052.481 | 23.663 | -0.005] 0.000| -0.005

24 1192823.326 | 208078.386 | 22.705 |192823.334|208078.384 | 22.714 | -0.008| 0.002| -0.009

25 1192822.619|208077.846 | 22.619 |192822.617|208077.845| 22.617 | 0.002| 0.001| 0.002

26 1192822.2031208078.627 | 22.690 | 192822.202|208078.633| 22.692 | 0.001} -0.006| -0.002

28 |192817.663|208079.490| 22.640 {192817.659|208079.505| 22.634 | 0.004| -0.015, 0.006

29 |192816.935|208078.973 | 22.551 |192816.936 | 208078.981 | 22.542 | -0.001| -0.008| 0.009

31 |192815.248 | 208079.898 | 22.601 |192815.252 | 208079.899 | 22.596 | -0.004] -0.001| 0.005

32 1192814.560|208079.444 | 22.525 |192814.564 | 208079.446 | 22.516 | -0.004| -0.002| 0.009

33 | 192814.038 | 208080.106 | 22.583 |192814.041{208080.105| 22.578 | -0.003| 0.001| 0.005

34 192813.340|208079.657 | 22.504 |192813.342|208079.656 | 22.497 | -0.002| 0.001} 0.007

35 |192812.875|208080.203 | 22.555 | 192812.876 | 208080.201 | 22.552 | -0.001| 0.002] 0.003

37 1192811.040|208079.998 | 22.469 | 192811.042 | 208079.994 | 22.465 | -0.002| 0.004| 0.004

38 1192810.537208080.707 | 22.542 | 192810.541 | 208080.701 | 22.544 | -0.004| 0.006] -0.002

39 |192809.847|208080.171 | 22.454 | 192809.851 | 208080.166| 22.452 | -0.004; 0.005| 0.002

40 |192809.379|208080.890 | 22.526 |192809.383 | 208080.884 | 22.528 | -0.004| 0.006| -0.002

41 |192808.692|208080.398 | 22.447 |192808.697 | 208080.393 | 22.445 | -0.005] 0.005 0.002

43 |192807.120|208081.253 | 22,509 |192807.124|208081.251 | 22,511 | -0.004| 0.002| -0.002

44 |192806.424 | 208080.760 | 22.423 |192806.427|208080.758 | 22.421 | -0.003] 0.002| 0.002

45 |192805.954 | 208081.480 | 22.507 |192805.956 | 208081.479| 22.510 | -0.002} 0.001) -0.003

46 |192805.284 | 208080.980 | 22.423 |192805.284|208080.980 | 22.422 | 0.000{ 0.000; 0.001

47 192804.778 | 208081.576 | 22.484 |192804.770|208081.577 | 22.487 | 0.008| -0.001] -0.003

49 1192803.004 | 208081.267 | 22.410 |192802.998|208081.271| 22.411 | 0.006] -0.004| -0.001

50 |192802.495 | 208081.838 | 22.476 |192802.483|208081.843 | 22.481 | 0.007| -0.005] -0.005
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Figure 3.14 RMSE of Control Points [X, Y, 7]
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Table 4.1 The Result of Center Line [X, Y]
Section X (m) Y (m) Section X (m) Y (m)
0m 193107.3073 207983.7952 270 m 192851.8074 208071.2837
10 m 193097.8746 207987.1155 280 m 192841.9657 208073.8258
20 m 193088.4329 207990.4102 290 m 192832.1578 208076.1630
30 m 193078.9955 207993.7170 300 m 192822.3857 208078.1940
40 m 193069.5557 207997.0169 310 m 192812.4257 208079.9916
50 m 193060.1128 208000.3083 320 m 192802.4009 208081.5646
60 m 193050.6720 208003.6054 330 m 192792.4837 208082.8492
70 m 193041.2341 2080069107 340 m 192782.6170 208083.8590
80 m 193031.7922 208010.2047 350 m 192772.8398 208084.5798
90 m 193022.3515 208013.5022 360 m 192763.0152 208085.1009
100 m 193012.9087 208016.7936 370 m 192753.0644 208085.4045
110 m 193003.4661 208020.0858 380 m 192743.1867 208085.4474
120 m 192994.0258 208023.3844 390 m 192733.2672 208085.2306
130 m 192984.5906 208026.6975 400 m 192723.4582 208084.7665
140 m 192975.1567 208030.0144 410 m 192713.8701 208084.0916
150 m 192965.7192 208033.3211 420 m 192704.0279 208083.2232
160 m 192956.2776 208036.6158 | 430 m 192694.2003 208082.1839
170 m 192946.8365 208039.9122 440 m 192684.3963 208080.9791
180 m 192937.3945 208043.2059 450 m 192674.6179 208079.6549
190 m 192927.9507 208046.4947 460 m 192664.7217 208078.2137
200 m 192918.5150 208049.8066 | 470 m 192654.8244 208076.7816
210 m | 192009.0703 | 208053.0901 | 480 m | 192644.9234 | 208075.3757
220 m 192899.6116 208056.3686 | 490 m 192635.0256 208073.9468
230 m 192890.0543 208059.5886 | 500 m 192625.1277 208072.5185
240 m 192830.5128 208062.7137 510 m 192615.2298 208071.0903
250 m 192870.9388 208065.7633 520 m 192605.3319 208069.6620
260 m 192861.2434 208068.6235 528 m 192595.4340 203068.2337
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Figure 4.3 The Flow Chart of Program Process
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Table 4.2 The Result of Design Element

X(m) 193107.3118 e
BP IA 27° 28 43
Y(m) 207983.8081
X(m) 192786.7607
IP TL 139.599 m
Y(m) 208095.8586
X(m) 192595.4318
EP CL 275.107 m
Y(m) 208068.2498
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Table 4.3 The Result of Center Line [Z]

Section Z (m) Section Z (m) Section Z (m)
0m 24.9686 180 m 24.0874 360 m 22.0630
10 m 24.9303 190 m 23.9902 370 m 22.0234
20 m 24.8828 200 m 23.8875 380 m 22.0070
30 m 24.8474 210 m 23.7731 390 m 22.0050
40 m 24.8109 220 m 23.6656 400 m 22.0006
50 m 24.7781 230 m 23.5550 410 m 22.0064
60 m 24.7530 240 m 23.4467 420 m 22.0308
70 m 24,7288 250 m 23.3445 430 m 22.0672
80 m 24.6903 260 m 23.2395 440 m 22.0990
N m 24.6330 270 m 23.1326 450 m 22.1235
100 m 245852 280 m 23.0268 460 m 22.1501
110 m 245327 290 m 229138 470 m 22.1884
120 m 24.4911 300 m 22.8007 480 m 22.2224
130 m 24.4416 310 m 22.6852 490 m 22.2373
140 m 243742 320 m 22.5742 500 m 22.2530
150 m 24.3033 330 m 22.2989 510 m 22.2700
160 m 2_4.2444 340 m 22.2095 520 m 22.2850
170 m 24.1750 350 m 22.1303 528 m 22.2896
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Table 4.4 The Result of Cant [Straight Section]

. Inside Outside Cant (m)
Section

(m) (m) Test Design Error
0m 24.9685 24.9686 0.0001 0.0001
10 m 24.9305 24.9300 0.0005 0.0005
20 m 24.8827 24.8828 0.0001 0.0001
30 m 24 8478 248470 | 0.0008 0.0008
40 m 24.8101 24.8116 | 0.0015 0.0015
50 m 24.7748 247813 0.0065 0.0065
60 m 24.7535 24.7525 0.0010 0.0010
70 m 24.7298 247278 0.0020 0.0020
80 m 24.6905 24.6901 0.0004 0.0004
90 m 24.6333 24.6327 0.0006 0.0000 0.0006
100 m 245837 24,5866 0.0029 ’ 0.0029
110 m 245313 245341 0.0028 0.0028
120 m 24.4914 24.4907 0.0007 0.0007
130 m 24.4392 24.4440 0.0048 0.0048
140 m 24.3745 24.3739 0.0006 0.0006
150 m | 24.3040 24.3025 0.0015 0.0015
160 m 24.2451 24.2437 0.0014 | 0.0014
170 m 24.1776 24.1724 0.0052 0.0052
180 m 24.0878 24.0870 0.0008 0.0008
190 m 23.9903 23.9900 0.0003 0.0003
Average i 0.0017
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Table 45 The Result of Cant [Curved Section]

Section Inside Outside Cant (m)

(m) (m) Test Design Error
290 m 22.8443 22.9832 0.1389 0.0009
300 m 227311 22.8703 0.1392 0.0012
310 m 22.6168 22.71536 0.1368 0.0012
320 m 22.5053 22.6431 0.1378 0.0002
330 m 22.2298 22.3680 0.1382 0.0002
340 m 22.1399 22.2790 0.1391 0.1380 0.0011
350 m 22.0609 22.1997 0.1388 0.0008
360 m 21.9954 22.1306 0.1352 0.0028
370 m 21.9526 22.0941 0.1415 0.0035
380 m 21.9395 22.0745 0.1350 0.0030
390 m 21.9351 22.0749 0.1398 0.0018
Average 0.0015
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