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Development of Extracting Method of Horizontal Alignment

In a Tunnel

Ik-Hvoun Son

Department of Civil Engineering, Graduate School of Industry,

Pukyong National University

ABSTRACT

Roads have been developed throughout the history of mankind, and play a
significant role among many traffic facilities for the economy, politics and
cultures of our lives. However, the management of roads has not been fully
scientific or systematic due to governmental policies focused on construction,
resulting in damages, and the loss of drawings for existing roads.

In this case, it is difficult to rearrange roads using normal cadastre due to
its time consuming work. And, when applving satellite surveyving to rapdly
extract the centerline of roads, it is impossible to obtain data about the status
of internal tunnels,

In this research. an efficient and economic method was sought to recover
drawing data, and to examine the alignment elements of roads where
accidents happen frequently due to the deficient geometric structures of roads.
For this purpose, the alignment elements of roads were cxtracted using RTK
GPS, and then compared to existing drawings when they were avallable.

Therefore, this research can be used to extract optimum alignment data of
tunnels using the data from satellite surveving, and is a practical paper which
can contribute to efficient management and usage of alignment data and road
facilities in establishing a HMS(Highway Management System) for the renewal
and management of the alignment data of roads, by comparing the data {rom

satellites with the alignment data In existing drawings.
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BagdAal 33 28.972.7 - - 2 802.0
g9 A 11 7.914.0 9 7.174.0 - -
oAl 18 10912.0 16 9,992.0 - -
A7 = 81 44,891.7 38 24,.972.0 28 11,9437
AR 54 38,3555 27 22,411.0 18 9,966.0
FAEE 16 9.354.5 8 3,422.0 8 59325
FAEE 10 5.261.0 2 1,380.0 6 3,290.0
A& = 16 7.860.8 5 2,879.0 5 2,192.0
Hepd= 40 19,179.0 24 10,239.0 10 72310
AdEz | 36 17,129.0 17 8.759.0 10 6,381.0
ANgd=E | 35 19,595.0 22 8,150.0 10 6,299.0
<E 251> A= =2 53 HYE 84S (G ' m)
L e R A e A E
- & a3 U 3 % W ]
76 57.695.2 29 18,264.8 19 76275
A& A 41 27.864.5 - - - -
HAEg Al 31 28,170.7 - - - -
o 7 3 A 2 740.0 - - - -
oA R A 2 920.0 - - - -
7= - - 6 3,027.0 4,949.0
AR - - 5 | 51520 5395
EREL - - - = - -
THEE | - - 2 591.0 - -
HeEts & - - 4 2.320.8 2 469.0
AedE | - - ] 500.0 5 1,209.0
HAEE - - 9 1,985.0 - -
A E - - 2 4685.0 1 461.0
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3.2 GLONASS o] &
GLONASS: ©le] GPSsh ®lseabn], mizbMu]~sr #&Mu2 5 7}

AZ Agstn glon Axde A4RE, ALEE AEAREoR Y
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(VKS)olth, zpA18] 2™ VKS el Ae] GLONASSS #JE State
Department of Space Means(GUKOS)ell 3t GUKOS GLONASSA
A" ZE ARG Fen o9 o7 Fio didte $8AHYS AT
At

<% 3.21>& GLONASS HA3t f4duixe B+ o

Eﬁ“f{i »"‘:Jlk_ .

£ F ' R

sl

(a) (b)
<718 321> GLONASS 943 ¢Ad=x

3.3 GPS% GLONASS H] L

GLONASS 942 1982d 10€¥ 12¢ Hzz wrtsdlen, £
AL 2 gdel FAE AT GLONASSTE # Aol AR fF&e o
8l 19939 9¥ 24 FAFHQ FEE TESAAL, 199613 247F €4l A
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€t GLONASS+= GPSSF o] £3%, EA%, 221 AR R ol %
o} lth,

<E 331>& GLONASSSt GPS8) 52 Zd digh $2543& v
A,
<¥3.3.1> GPSet GLONASS?] vl
Positioning
system GLONASS GPS
Item
No. of satellites 24 24
No. of orbital planes 3 6
Orbital inclination 64.8° 1 55"
Orbit altitude 19,130km 20,180km
Period of revolution 11hr 15m 40s 11hr 38m 00s
Report ground tracks every sidereal day every & sidereal day
. 9 parameters )
Ephemeris . ) ) Keplerian elements and
) {position, velocity, acceleration) ] ) o
representaiton . ) interpolation coefficients
in the ECEF Caresian System
Geodetic datum SGS&H WGES84
Time base GLONASS system time GPS systemn time
Systemtime correction N
. UTC_[8U] UTC_[SUNO]
relative to
Almanac transmission 2.5min 12.5min
Satellite signal division Frequency division Code division
Frequency band LI 1.602 ~ 1.615MHz i 1.575MHz
Frequency band L2 1.246 ~ 1.256MHz 1.228 MHz
same for all satellites different for all satellites
Codes C/A-¢code on L1 C/A-code on LI
P-code on L1, L2 P-code on L1, L2
Code type PRN sequence Gold code
C/A-code 0.511MHz C/A-code 1.023MHz
Code freguency B
P-code 5.11MHz P-code 10.23MHz
clock offset clock offset
Clock data
{requency offset frequency offset and rate
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3.4 DGPS (Differential GPS)

SERL

AP = A,O +CAdT +ddam +dd,mﬁ +Adp “}‘E,_gp

40 = Lo+ AN +cldy + Adigy + Ay, +4d, + €49

a7 do tcder +dey, +Adep, +de, +eu

o171 A,

A= (O)reﬁzrenre B (O)muer : ’?‘}/\ézéioﬂ EH‘E\’-} —)T:}vf_7] "7}0]] %%i}
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P=o{A AR B2 (m)

¢ =¥t 44 BEH(m)
Z=5%e AR w5 (ms ")
p=%a71% HAY 22 A2 (m)
o =FA71% $47 A (ms )
A=wrzst 34 (mevele V)

N=#r3t % 5% 2335 (cyele)

d=94 N7 L3H{m) e~=9% AA 23 AR (ms™ ")
dr=2271 A4 23H(m) er=547 A o3 BAH(ms ™)
dim=HE % A A(m) Cim—A8E A BAH(ms™H)
diey=HF T 2 A (m) Cop=NFH A BH(ms ™)
d=HA% 23 (m) e,=ANE 23 HA(ms ')

©% A e faAAL A dust BAADE 7R Qojor ™
ot vk 7)1A T o] FHke] A7t 200kmE T Hoid A= EH AF
A XA ek ofygt A= xE FAA(AELA 01~1ppm, SA I~
Z2ppm , AEEF AAL A 02~04ppm, HFA AHex 0.3~3ppm)Lteld
Aelch whEa §14 AFRRl RaAest oAbAg] #He] g a4 e)
27w gE:a AAdPde FF AEdd g4 1~Fm DGPS
AA A4 BEz= 48 715 Aol

A ZAN ol Zeg Y FAARE ARk dlalel] dked smooth
TAAEE AR S 2R A eE 48 4+ Jdoh a8y 22w o #43

AeE FHAAT ootk wHe] wENs ReAiolNw B

_21_



A g 4 Qoh kS 914 smoothing WE-e Ad 2JAAg
2 Al ukgst A4S AEsl A LM (recursive filter)dhe] AHE
ot whe ghEm 94 smoothing€ A Fdd @F A DGPS $1 A 24
o] 48 xx 7|AFHo] S AYrt 10km7t G2 $HLAE 03~3m,
FA Q2 05~4molt}.

9E BEe 71F 94H E OE 940 BEFe W Aty of
A

o)

V4P = vdp +VAdy +VAdyy +Ad, + ecup
VA9 = VAp+ VAN —vAd,, +VAdy, +VAd, + €

va4z = vdo —Vdey, T VAen,y +Vde, tegy

051 7] ’7‘-], vl = {( : )reference—( ) )muer}i*{( b )referencef( ‘ )muer}basc

i A4 (base : 71E94)

o|F= A4 Fa7) AAeAe BALX 27 Fol 4R A7
23 BFF AGeA B g AR AL BEAY AsuY FAs
FolEth o] eab 0 BAZ Yok A1AFI o FF(10km o] v)) A

A7k B Aol 23 BE FASE Ak wA Polgles odty 44

P

—_

A= o] 5T At 10km o]A4Y o, BEE AH 2. 2H0.2~0.4ppm)
ZH0.3~3ppm) ¥ opudt HA HEL2H1~2ppm)E
ME 593 t2E IR et L1Y 338 232 1902cmo|BE

Jn
mk

e GPS AABAL olFA vbEF A BEHE AESte] F
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42 B A4

T AL A= ALY T HAE F7HA7I7 S8, GPS
9)/d 3 GLONASS #1749 AEE 25 £48 4 9= JAVAD AlelA
Az FHE &G o, Ao AU <H 421>7 2o,

Characteristics Receiver Antenna

Type Legarv(JAVAD) LegAnt

40 L1 channels

Tracking Channel
20 L1/L2 channels GPS/GLONASS

Signals Tracked L1/L2 C/A and P-code and Carrier phase
Horizontal
Static 3mm+lppm (> D) for dual frequency

Rapid static bmm+ippm (X D) fo Single frequency
Accuracy
kinematic  10mm+1.5ppm (xD) for dua! frequency
RTK (H) 10mm+1.5ppm ( XD) for dual frequency

(V) 20mm~+1.5ppm (XD} for dual frequency

_24_



i
Ao
A
fr
i
—N
o
_O‘L
re
g
il
rh
H
il
fo
[F]
_)-'J_l‘
s
2L
=1l
i
B
o
i
o
i
L
Jjf
e

JEFE E2Y FAAE We o= Aol A A oiA

o]

ZaFolt, B ATe) WA} 52 FYRYG BAHYE e

=22 HE ¢ o, dAE T2 FAN AEE HEFE Evked
Aol
(invasif By
<Y 431> #FFA A ZAL
o] Ae =29 FAAHY FHAAE FAHMAMAA 1.7m Offset¥o] =

432> <9y 433> 7o}

_25_



<A 431> FEA 2 T 7|A e BG

_26_



441 9749 7HANA

B d7eAE o 50km PR £2 A ARE AS el YoM F

thekel 7R R E st GPS9 GLONASSS) A5 g 25 F4%
o9 #4718 Agstgon B&A9 Z¥W GPSH GLONASS 94

9 442>9 2k
<3 441> YRR vlel gro] A fzrel A 87 o]Ate] AHANTE

FAE 5 A eH, e FrAM 97 ol g AHNBE ST 5

AT
HET 95
o
8.5
8
7.5
7
6.5 -
6 |
5.5

1 321 641 961 1281 1601 1921 2241 2561 2881 3201 3521 3841
161 481 801 1121 1441 1761 2081 2401 2721 3041 3361 3681

=
[=]

I

<Y 441> FHE TN
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PDOP 3

0.5
1 321

161

641
481

<Y 442> SHE 93 ALE A

961
801

1921 2241 2567 2881 3201 35621 3841
2081 2401 2721 3041 3361 3681
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1121 1441

1601
1761
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A #EFAY A wMAYErt 2 A2 Rodse HETL H9,
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442 A8 HS5E

B odola #Eane HEELS HAA T

22 g F7ke "olZ JEhUIAUT <E 441>E o
d ARt Y E29 ZolE ueW AolH, <a¥ 443> AF

fo!

Adol tiet =
AFAReA HAE

TR H5d A8F Z o} (km) e A5E%)
g 5T 4,695 49.88 89.8
B oa ozt 0 5.02 9.0
e 27 0 0.65 12
1.2%
89.8% 9.0%
Bzz7z Oejgrz Bees=
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Z3te] Hd e #HEMg [PE 24852, Ay wzhs o] &3te A

g HAlstd 71E AAALF vE - 2489

ol
t},

By
al M¥Eo] fiAZ G2 545 AW o8y 54L& nmad 2 4,
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2

N

N,
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X=200313.6320
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olgA ZAd LPst HAA

<E 51.1>eA ekl =kt
ol B'd Wel 1PY 9AE 239 A%, AAAY LPA AX% o 4m A
5o} Aol S U2

ol

B AFH e

[}

4 1PE vwsld <FE 5.1.1>% #}

AZGE o] g3t

<E 511> F23 1P AAAYY vw
2zm 9 4 A | N
T o= :
X Y X Y AX{m) AY(m)
1P 3 187423.19 | 200196.22 | 187,424.40 | 200,190.85 -1.21 537
1P 4 187168.26 | 200679.78 | 187,171.52 | 200,674.58 -3.26 52
1P 5 185672.43 | 202541.28 | 185,680.5]1 | 202,539.67 -3.08 1.61
o - - - - -4.18 4.06
52 HY U HHAFH F=
oA F&g IPE ulgeor Wx wZHDS Aatstz BHE e 4
3= ZHAA(CL)E 100m, 200, 300, 400, 500mE 7}Asted HAH3HTL)S

AAstAY. 283, of#A 24" HA

ZHTLYZ A
o AigE AYPES <E H12>9 2o

SFARIS AL

ol

b

<] 512> FEF W4T A
CL{m) azZH ) R{m) TL(m) I T
100 11.3985 502.6607 50.16556
200 11.3985 1005.321 100.3311
300 11.3985 1507.982 150.4967
400 11.3985 2010643 200.6622
500 11.3985 2513303 | 2508278
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WEP7E 270 o dle 9= 58] =8 Atdolu)
<H 531> FEE AFEY HEAAM AdEHY bl
229 244 BE dAM FAA AE ¥ 1
S

P Ei YFHE X2 YHE | 4X(m) | 4Y(m)
1| 187397.619 | 1997789165 | 187398.3671 | 199773.8692 | 0.7476 | 0.0473
2 [187402.1597 | 199878.8200 | 187404.6812 | 1998786697 | 25215 | 0.1595
3 187409.1175 | 1999785889 | 187410.9954 | 199978.4701 | 1.8779 | 0.1188
4 187415.5670 | 200078.3120 | 187416.5669 | 200078.3040 | 0.9999 | 0.0080
D 187406.3460 | 200177.5054 | 187407.4602 | 200177.7212 | 1.1142 | 0.2158
6 187378.0365 | 200273.0391 | 187378.7838 | 200273.3474 | 0.7473 | 0.3083
7 187332.8299 | 200362.0057 | 1873343123 | 200362.8699 | 1.4824 | (.7742
8 187286.8320 | 200450.8893 | 187288.0224 | 2004515110 | 1.1904 06217
9 187240.8352 | 200539.6811 | 187241.7294 | 200540.1504 | (0.8942 0.4693
10 | 187190.3264 | 200625.8796 | 187192.5195 | 200627.1856 | 2.1931 1.3060
11 187135.5574 | 200709.3146 | 187137.9694 | 200710.9773 | 2.4120 1.6627
12 | 187078.5588 | 200791.4096 | 187078.2923 | 200791.1982 | 0.2665 0.2114
13 [ 1870158191 | 200869.3620 | 187015.8577 | 200869.3129 | 0.0614 0.0491
14 1 186953.2802 | 200947.3135 | 186953.4152 | 200947.4214 | 0.1350 0.1079
15 1 186890.6413 | 201025.2650 | 186890.9727 | 2010255298 | (1.3314 0.2648
16 186828.0025 | 201103.2164 | 186828.5302 | 201103.6383 | 0.5277 | 0.4219
17 1 186765.3636 | 201181.1679 | 186766.0876 | 201181.7468 | 0.7240 | 0.5789
15 1 186702.7247 1 201259.1194 | 186703.6451 | 201250.8552 | 0.9204 | 0.7358
19 1 186640.0858 | 201337.0709 | 186641.2026 | 201337.9637 | 1.1168 0.85928
20 1186577.4469 | 201415.0223 | 186578.7601 | 201416.0722 | 1.3132 1.0499
21 ! 186514.8080 | 201492.9738 | 186516.3176 | 201494.1806 | 1.5096 1.2068
22 1186452.1691 | 201570.9253 | 186453.8751 | 201572.28901 | 1.7060 | 1.3638
23 186389.5302 | 201648.8768 | 186391.4326 | 201650.3976 | 1.9024 1.5208
24 186326.8913 | 201726.8282 | 186328.9900 | 2017285060 | 2.0987 1.6778
20 | 186264.2524 | 201804.7797 | 186266.5472 | 201806.6145 | 2.2951 1.8348
26 | 1862016135 | 201882.7312 | 186204.1050 | 201884.7230 | 24915 | 19918
27 186138.9746 | 201960.6827 | 186141.6625 | 201962.8314 | 2.6879 2.1487
28 186076.3358 | 202038.6341 | 186079.2200 | 202040.9399 | 2.8842 2.3008
20 186013.6960 | 202116.5856 | 186016.7775 | 202119.0484 | 3.0806 2.4628
30 185851.0633 | 202184.5304 | 185954.3338 | 202197.1559 | 3.2705 26255
31| 185886.6796 | 202270.7241 | 1858863840 | 202270.4077 | 02956 | 0.3164
32 185808.5278 | 202332.9959 | 183808.0973 | 202333.2391 | 0.1695 0.2432
33 185722.1944 | 202383.0527 | 185722.85606 | 202384.3701 | 0.6622 1.3174
34 185630.3497 | 20242] 9790 | 185630.6107 | 202422 7590 | 0.2610 (.7300
35 | 185533.3004 | 202444.9394 | 185533.8391 | 202447.6236 | (.4887 26842
36 185454.4935 | 2024579292 | 180434.5132 | 2024584573 | 0.0197 0.525]
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