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Construction of Horizontal Alignment Information on Highway

using 30D Laser Scanning Data

Sang-Sik, Chor

Department of Civil Engineering, Graduate School of Industry,
LPukyong National University

Abstract

A highway geometric information system has been developed in this
study by utilizing the advantages of the laser scanning technique. The
system can accurately interpret the geometric information of highway
and can be applied to actual works.

To accurately interpret the geometric information of highway,
horizontal data on highway were collected promptly and accurately, and
then transmitted on a real-time basis using the socket network method.

Continuously scanned data were then registered and geo-referenced
and the developed technique was verified to have a _higher accuracy
than other techniques through an accuracy analysis.

An algorithm that can automatically separate a horizontal alignment
into a straight line, a transition curve, and a circular curve to develop
the highway geometric information system. It can increase its
efficiency compared to the conventional methods. In addition, an
algorithm that can automatically extract design elements of horizontal
alignments of highway and applied to an object highway.

If we used the construction system that was built, it 1s judged that
it can contribute to use of the development of extraction road element

technology.
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Selection of research highway

3D Laser Scanning on Highway

3D Laser Scanning
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Data processing
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Results

— T

Construction of
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Figure 1.1 Flowchart of research
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Table 2.1 Classification of 3D laser scanners
Measurement system Range(m) Range accuracy(mm)
Time of Flight ~ 1000 > 10
Phase shift < 100 < 10
triangulation < 10 <1
2.2.1 TOF #2
TOF(Time-of-flight) W& d# o] A& WALl HEALE o] Q&= AJ7HH
A Aoz AL E AR, dol A FAN, £, Ae¥E A 9
th. Figure 23914 $A13 4l kol o] AR At= t,—19 A o= 7
bEold Q. A7 FAE FuETE fioAf,2 HE ue
Azbol W e AR FHET fold fy2 W we] AZkolt). wekA
e Azt e £X(0)E FolH GEAGZ AEHY, SAHOGET)
2 o] A= A(2.6)3F 2t
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d3 . 3 (2.6)
2
Amplitude
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Figure 2.3 Transmitted signal and received signal
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MA 2] 324 A PE p=E AA A Het o7 A9 2HAY, g4
71, Z4lg FH YA 53 2-E calibration matrix(Ma %, 2003)2 & &
Aot APE Lo A Fo Qo= AS & & Ak T FA7] 9
A A Abel ¢l 6 DOF(degree of freedom) W3 FAL7] HEA S #A3
dolAwl FAS & F Jdud AAFAEAN FEste dolAR FA LS

e A med L% L wRFoRA 4 P 349 REE A

.

5 A~
A 5

o
x°

2.3 324 #HolA =AP A

349 dolA 27 7Ee DUy Bopla aaEel 349 AA
22 wdsn Qo T Az sbg 2 Aol e Table 220 Lheb
A ol £EH Aaet SE@ Ao Agolth Agas AN ol
o oz AF Ame ASN AYAA FH, Ao FH Fo] wF

’F o] st (Guarnieri 5, 2004; &2, 2005).

Table 2.2 Comparison of photogrammetry and 3D laser. scanning

Item Photogrammetry 3D Laser Scanning
Sensor passive sensor active sensor
Data image(analogue/digital) 3D point cloud
Band multi single
very portable system fast acquisition of a huge
Advantages . . . of 3D .data . .
wide availability of commercial| recording of intensity and
processing/modeling software color data
time consuming data handling
Disadvantages (semi-automated measurment) edges
image resolution noise
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Read vertices from ¢ and j

Ny,
>

A

Start with the line segment V;V;

!

Find the vertex V; farthest

from the line V.V

a. Start with the line
segment TVJ

b. Start with the line
segment TVJ

and let dist be its distance

, Split at V; and
St.art with other approximate
line segment (recursively)
dist > specified tolerance (&) ]
yes

Remove vertices
between K( VJ) and Vf

Search other vertices

Figure 3.3 Flowchart of Douglas—peucker algorithm
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Table 3.1 Plane curve radius

) Minimum radius of circular curve (m)
Design speed - :
(km/hr) Maximum superelevation
/AT 6% 7% 8%
120 710 670 630
110 600 560 530
100 460 440 420
90 380 360 340
30 280 265 250
70 200 190 180
60 140 135 130
50 90 85 80
40 60 55 50
30 30 30 30
20 15 15 15
3] AR =2 AFgdAd QoA 7H T8 9 A4AEH,
gtz ne ANE AAs) HelAe AN Fe) B2 AN FA 2
9] wt7go] ZAAF ookt By} E AFoAE HAAFHUHES o] &3t
LSC(least square circle) 7] S o] &3lo] Ao AH3 vpF3 4 WA
4e AAsa,
AFA T FAA ALE (r, gL HT, AFHAY FA AE 2
HAS (a, b9 rZ st Aol A AL 2 (3.6) 7 2.
(2,—a)* + (y,—b)* =17 (3.6)
2 (3.6)S dFAe FAT HaA g AEsd A (3.7 o]
Aol AFTDo Y F o, o AAsy A 3837 2.
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g =4o] 7hssly 2 FA4E Figure 42014 2 & glor, Anje A9

S Table 4.13 7t}

Figure 4.2 Shape of Total Station

Table 4.1 Specification of SET230RK3

SOKKIA SET230RK3

Laser class Class 3R Laser Product

Reflectorless mode : Class 3R

Laser output
Prism/Sheet mode : Class 1

Measuring | Reflectorless 0.3 to 350m(white side, 90% reflective)
range (with Kodak Gray Card) | 0.3 to 170m(gray side, 18% reflective)
Reflectorless 0.3 to 200m : *(3+2ppmxD)
(Fine mode) Over 200 to 350m : *(5+10ppmxD)
Accuracy
Reflectorless 0.3 to 200m : *(6+2ppmxD)
(Rapid single mode) Over 200 to 350m : *(8+10ppmxD)
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%l
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A DL Figure 4.33 Table 4.2 e QL.

Figure 4.3 Shape

¥,

of 3D Laser Scanner

Table 4.2 Specification of 3D laser scanner

Trimble GS200 3D Laser Scanner

instrument type

long range laser mapping system

General . :
Metrology method time of flight
pulsed 532nm, green
S laser class 3R (IEC 60825-1)
Specification
class 2 (21 CFR §1041.10)
field of view 360° % 60° continuous single scan
range standard 200m
scanning speed up to 5,000 points per second
o 1.4m @< 50m 2.5mm @ <100m
standard deviation
Performance

3.6mm @ <150m 6.5mm @ <200m

single point accuracy

position 12nm@100m
distance 7Tmm@100m

scan resolution

spot size ; 3mm
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(a) 3D laser scanner (b) Targets

Figure 4.5 Shape of 3D laser scanning on research highway
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Figure 4.6 Panoramic view of a sub-project

Table 4.3 Form of point cloud data

X (m) Y (m) Z (m) Red Green | Blue | Intensity

7.609 2.367 -1.056 193 108 233 62
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Figure 4.7 Cloud points data obtained from 3D laser scanner
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19 9] sub-project A NA HE5H A+ A5 M9 s FLAE
of AL Hgk g wix FElE Y W el Table 44

9 Table 459 #t}.

Table 4.4 Result of 3D laser scanning(Right line)

Station number of points Targets for Registration
sub-project 1 1,751,599
sub-project 2 1,634,231 Target 1, 2, 3
sub-project 3 1,314,034 Target 3, 4, 5
sub-project 4 1,748,289 Target 7, 8 9
sub-project 5 1,649,970 Target 10, 11, 12
sub-project 6 1,408,481 Target 13, 14, 15
sub-project 7 1,735,561 Target 16, 17, 18
sub-project 8 2,434,417 Target 19, 20, 21
Target 22, 23,24
sub-project 9 1,437,382

Table 4.5 Result of 3D laser scanning(Left line)

Station number of points Targets for Registration
sub-project 10 1,503,360
sub-project 11 1,481,647 Target~25, 26, 27
sub-project 12 1,178,201 Target ~ 28, 29, 30
sub-project 13 1,837,995 Target 31, 32, 33
sub-project 14 1,203,314 Target 34, 35, 36
sub-project 15 1,463,540 Target 37, 38, 39
sub-project 16 1,770,082 Target 40, 41, 42
sub-project 17 1,220,616 Target 43, 44, 45
sub-project 18 1,711,716 Target 46, 47, 48
Target 49, 50, 51
sub-project 19 2,000,986
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Table 4.6 The result of check points

Check Points

Z,
o

X(m)

Y(m)

Z(m)

No

X(m)

Y(m)

Z(m)

226138.494

222745.150

40.657

18

226531.390

2227722.930

36.157

226146.028

2227742.530

40.863

i ¢)

226511.520

222721.137

36.910

226153.604

2227739.985

41.008

20

226507.547

222720.768

37.058

226238.912

2227718.705

42.191

21

226503.565

222720.406

37.207

226326.388

2227709.964

41.956

22

226231.030

222720.126

42.133

226423.981

222713.184

40.048

23

226058.040

2227780.576

37.886

226427.945

2227713.471

39.931

24

226051.037

2227784.350

37.608

226431.942

2227713.803

39.806

25

225970.886

222836.742

34.200

O |0 N[ |01 ]JW[DN |+

226435.903

222714111

39.673

26

225964.592

222841.677

33.946

—
S

226439.923

2227714.427

39.557

27

225958.325

222846.645

33.655

—
—

226443.889

222714.767

39.429

28

225899.808

222901.039

30.828

—
\)

226447.880

222715.135

39.202

29

225894.352

222906.904

30.558

—
w

226511.520

222721.137

36.910

30

225888.981

222912.821

30.292

—
[N

226515.490

2227721.497

36.761

31

225843.134

222968.247

27.923

—
a1

226519.477

222721.868

36.612

32

225838.277

222974.571

27.7117

—
(o))

226523.464

2227722.245

36.455

33

225833.431

222980.923

27.518

—
5§

226527.420

2227722.589

36.307
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Table 4.7 Comparison of check point

Total Station 3D Laser Scanner Residual

N X(m) Y (m) X(m) Y (m) v, (m) v, (m)
1 226138.494 | 222745.150 | 226138.554 | 222745.133 -0.060 0.017
2 226146.028 | 222742.530 | 226146.069 | 222742.481 -0.041 0.049
3 226153.604 | 222739.985 | 226153.591 | 222739.945 0.013 0.040
4 226238912 | 222718705 | 226238.916 | 222718.713 -0.004 -0.008
5 226326.388 | 222709.964 | 226326.369 | 222710.060 0.019 -0.096
6 226423.981 | 222713.184 | 226423.970 | 222713.185 0.011 0.000
7 226427945 | 222713471 | 226427.953 | 222713.470 -0.008 0.001
8 226431.942 | 222713.803 | 226431.924 | 222713.761 0.018 0.042
9 226435903 | 222714.111 | 226435.879 | 222714.072 0.024 0.039
10 226439.923 | 222714.427 | 226439.865 | 222714.391 0.058 0.036
11 226443.889 | 222714.767 | 226443.840 | 222714.731 0.049 0.036
12 226447.880 | 222715.135 | 226447.817 | 222715.100 0.063 0.035
13 226511.520 | 222721.137 | 226511.485 | 222721.108 0.035 0.029
14 226515490 | 222721.497 | 226515.467 | 222721.466 0.023 0.031
15 226519.477 | 222721.868 | 226519.439 | 222721.827 0.038 0.041
16 226523.464 [222722.245 | 226523.421 | 222722.187 0.043 0.058
17 226527.420° | 222722589 | 226527.392 | 222722.510 0.028 0.079
18 226531.390 | 222722.930 | 226531.344 | 222722.869 0.046 0.061
19 226511.520 | 222721.137 | 226511.454 | 222721.199 0.066 -0.062
20 226507.547 | 222720.768 | 226507.490 | 222720.829 0.057 -0.061
21 226503.565 | 222720.406 | 226503.510 | 222720.454 0.055 -0.048
22 226231.030 | 222720.126" | 226231.015 | 222720.143 0.015 -0.017
23 226058.040 | 222780.576 | 226058.121 | 222780.582 -0.081 -0.006
24 226051.037 [ 222784.350 | 226051.105 | 222784.387 -0.068 -0.037
25 225970.886 [ 222836.742 | 225970.846 | 222836.762 0.040 =0.020
26 225964.592 | 222841.677 | 225964.583 | 222841.710 0.009 -0.033
27 225958.325 | 222846.645 | 225958.340 | 222846.667 -0.015 -0.022
28 225899.808 [ 222901.039 | 225899.769. | 222901.024 0.039 0.015
29 225894.352 | 222906.904 | 225894.377 | 222906.912 -0.025 -0.008
30 225888.981 [ 222912.821 | 225889.041 | 222912.818 -0.060 0.003
31 225843.134 | 222968.247 | 225843.150 [ 222968.191 -0.016 0.056
32 225838.277 | 222974.571 | 225838.303 | 222974.535 -0.026 0.036
33 225833.431 | 222980.923 | 225833.475 | 222980.884 -0.044 0.039

RMSE 0.041 0.041

,49,



ERo AFAALLE HAHY e E2FA0 O 339 94

At Aesd Yo A58 HolHE 349 AA4R, RGBS 4

WAGE ANE TSI gon], ojdd HuF ot E=

FAol UE 3RHANAARE FEA/AANAE hg I 2L F AKX B

Mol gk A, Exol FHe] EAHel 9 AFEA 2AYAR

RGB % WA o wwa 4de Aus 2ed 5 vk wehs
3

Aol AFgshs RGB 2 AR 339 ARE Adstel shtel 43

ARE FFY 4 Avh BA, 229 JUTHLLT FFEIAL 4
Hol 9 A9RA 2AYen 49 339 ANYNE o §3te] E=
o www FYRe] JAARE Few ook B ww 2
A4 FgEdhel 349 ARE 444 HU4Y AYARE FF 9 5

O 2 AFUAERZE 7teddg A e e et g o] Ay
do] ERAFHAQLE A G798 Figure 412014 Hol= A3} 2ol
gt Ao 329 HuE F=59 0. Rigure 4.13 2 Figure 4.149]

e E2FA0AERTE Aedgoz BeFa gom, 4 P o

data for extracting
horizontal alignment

Figure 4.12 Data for extracting horizontal alignment

,50,



w W& |

8 ikl | B mages |

Officasurvey

(® WorkSpace (19 prajectca
= e Lst
I3 SUB-PROJEC”
= st
(& SUB-PROJEC
= ¥ s
I3 SUB-PROJEC”

153
(& SUB-PROJEC
= ¥ st

[ SUB-PROJEC”
=t st

(& SUB-PROJEC
=% Ls6

[ SUB-PROJEC”
= ¥ Lst7

(& SUB-PROJEC
4 Lot
[ SUB-PROJEC”

e}
(& SUB-PROJEC

= e Rstl-1

3 sim-pRnFe

. -

e
@8> Project Cloud
il

Ready

355

‘@ pp

& He Edit Toos OffceSurvey Disply 30 View Window Helb

ER
%=t S c AREE| G| 25| =S ||| B swemorr: -

Semencation
No., Pra:” 1173201 of 1178201

RealWorks Surv

Extracting
Center line data

8 ikl | B mages |

ax

s
I3 SUB-PROJEC”
= st

(& SUB-PROJEC

e
I3 SUB-PROJEC”
=t st

(& SUB-PROJEC
= ¥ st
[ SUB-PROJEC”

s
(& SUB-PROJEC
=% Ls6

[ SUB-PROJEC”

57
(& SUB-PROJEC

et
[ SUB-PROJEC”
5 ¥ Lstg

(& SUB-PROJEC
= e Rstl-1

T3 SUR-PROIFCY
< 3

[® WorkSpace (13 projects |

. -

Name
@8> Project Cloud
il

Ready

355

<l pp

Bl Edt Took OffceSuvey Display 30View Window Help

&| o | | oicssirey % =0 AEED < AREE 0% |B= E rome -4
S @ roolqd e a | mEs ®ns S

Semencation
Bo. Pra: 11008 of 1176201

Segmentation Tool _

Q0] %@ e 4

Figure 4.13 Process

of extracting center line data in part section

_51_



RealWorks Survey

| B Edt ook Offcesurvey Display 20 View Window Heb
| S E o | %l onesner
‘oold-o- g2 oES|

PRI JES|
-] ome i

U AEEE % | 25| ||| B v woksxe

I — -
7 woces | imaces |

(@ WorkSpace (8 projects &
2 Lt
& SUB-PROJEC™

e Lst

(& SUB-PROJEC
% stz
[ SUB-PROJEC

L3
(& SUB-PROJEC
% st

[ SUB-PROJEC”
=% 36

[ SUB-PROJEC™
% 56

[ SUB-PROJEC”
= LstT

[ SUB-PROJEC”
% s
[ SUB-PROJEC”

s
2 SUB-PROJEC™
= 3 Astl-1
A Siin-pREC-Y
|

al1%%

= ([ n(x

#

¢ -mppE

Herst-1 LR A

Ready p— —

Extracting
Center line data

| Bie Edt Tods OffceSuvey Display 30View Window e

=T IERIE 4

T ol | [ images |
5% LsB Al
[ SUB-PROJEC™

Lt |
2 SUB-PROJEC”

B lses el

8 sl
[ SUB-PROJEC”

H r.5t6-|
[ SUB-PROJEC”

(i)

e st

T2 SUB-PROJEC™
5 retl-1

[ SUB-PROJEC™

| 8

¢ -mpeE

a
98Project Cloud
et

Ready

Figure 4.14 Process of extracting center line data in all section

_52_



Lk
HHAY AAesr AHA
T2 4% $HE E2Ut A% L5d%d 544 wiel Jve
AR 7ol tigk 2 A Fasth(o]FE, 2001). # AFAAE F
= EEFTAAARE 46280702 AR E o] &3] Figure 5.1 YEFA o
Ao HHe B AALLE AYFT, FAAFS ATA ek
Read road centerline
data
Separate section of tangent and horizontal
curve

x _coordinates and y coordinates

Dovgias=rFelcker Algoriim
Section of horizontal curve
Radius of curve
(R)

Section of tangent
Calculation of a circle
equation

Least square /hne Hing

Point of
Calculation of two linear
equations

intersection

Calculation of Shift (AR )
Element of transition curve

Length of transition curve (L)

Parameter (A)
Reconstruction of horizontal alignment

Figure 5.1 Flowchart for extracting horizontal alignment

Least square ciecle 1ing

Center of .circle (a, b)

,53,



P A8 =

T

9
Table 5.1°

b2 4

FH oAy A 1P $ A

-

R

°©

Fach, 2 A3 46280709 A&

[¢]

HaoAuwdE 24

} o
1~200H A, 43597 ~46,280H & A7 7} A A4S AA

o] &3

He el

teg

WA FEE 46280709 A= ZE Douglas-Peucker &1
Z

A A 2

9
=
o

NIl

,_lryl

0SS

=

226053.861
222676.938

Y'=200819.750 +0.096690178 X
Y =533700.625—1.375883102.X

X (m)
Y (m)

Least Square Line 2
IP

Least Square Line 1

Table 5.1 Determined least square line and IP location

CFH P31 A= 25%E AA

A2% A

pN

o

o

0

£

)A
Hr

!

A

o3

H

A~
T

3}
=

=]

1

A
ha

kN

a7 =

277k gl 2 A

LSC71¥e] 9

-

()<}

Aol A

R

e}

FAao 28y 29 2ol

=

9

U A 50%A4 52 LSC7] el

1

ksl
A B

o, A

R

N
Mo
N
el
T

%

o)
)
M

o

s
o

)

ﬁo
]
~u

o
N
B
()
T

—

Nfo

N

X

x
Hr

o

H] L 8}H Table

,54,

o] Z A

523 #Ztt.



Table 5.2 Comparison between designed and extracted values

Drawings values | Observed values Remarks

P X(m) 222676.939 222676.938 0.001

Y(m) 226054.609 226053.861 0.748

R 610 610.475 0.475

7 59° 23725114 | 59° 30 " 46.400 ” 0° 77 21.290 "

AR, 1.924 1.869 0.055

AR, 1.924 2.097 0.173

L 167.869 165.478 2.391

L, 167.869 175.276 7.407

A 320 317.837 2.163

A, 320 327111 7.111
IP A+ XWaFoe= 0.00lm, YHFOLRE 0.748me] #ol& H G o,
SANAE (RS 0.062me] ztelE HEUHAT. o T4 AT A 24
He AlFextdd ot gow dAdEw, Fo] FHAY FEo| #HAg
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Figure 5.2 Reconstruction of designed and extracted alignments

Table 5.3 Comparison between designed and extracted alignments

No Distance(m) No Distance(m) No Distance(m)
1 0.191 17 0.235 33 0.297
2 0.186 18 0.241 34 0.293
3 0.181 19 0.246 35 0.277
4 0.178 20 0.251 36 0.253
5 0.177 21 0.256 37 0.226
6 0.177 2% 0.261 38 0.202
7 0.179 23 0.265 39 0.184
8 0.182 24 0.270 40 0.177
9 0.186 25 0.274 41 0.187
10 0.195 26 0.277 42 0.218
11 0.199 27 0.281 43 0.219
12 0.205 28 0.284 44 0.220
13 0.212 29 0.287 45 0.221
14 0.218 30 0.290 46 0.223
15 0.224 31 0.293
16 0.230 32 0.295 Ave. 0231
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53 ERZAYAR A" F5
B oA FE3 A 2" Table 547 o] GIS Tool¢l ESRIALC]
Arc ViewE ol&sto] Azl g dA2 AAS s o, /pEd

o] = Visual Basic 6.0 o]&3dlo] F=31%

Table 5.4 Composition of S/W employed for road alignment information

system
Species Local system
0/S Window XP
Map construction AutoCAD 2002, Arc View
Development Tool Map Object
Development language Visual Basic 6.0
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