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Semi Variance Measurement on Tunnel using 3D Laser Scanning
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ABSTRACT There are many risks in constructing tunnel-structure. To prevent these risks from occurring and secure
safety, the precise and rapid survey of inside displacement of the tunnel is required. But nowadays
the measurement of the crown settlement, convergency, and surface settlement depends on general
kinds of method which use total station or level. In the way to provide data about maintaining structure
according to recent improvement and progress of measuring technology, 3D laser scanning is used.
It solves the problem of reliability in measuring displacement of existing structure, provides material
that enables to estimate shape change of structure visually, and makes it possible to deliberate speedy
countermeasure. By this three dimensioning it is possible to make efficient use of structure maintenance
and field measurement.
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3. 3D Laser Scanning

QMEEAL W 25 BIA) EF Solx B A
SN A 2AL 1859 TALE S5 Hﬁﬂ"\i
A 4 AU 34 S A2 SRl A8
)31 9= 3D Laser Scanning System2 -85 94 |
5 ZePo] YL T ek Laser® olgalo] o)

oA BolR IRl A LaserS FANSFo] tiAHA] A
9] ke =X H(point-cloud)®] 321 Z7HEEE A
&Aooz de= oz A, ST 7HE2 0.5mm~3mn
BT SAE 4= 7] d2ol FEEf iRt 33k
Aug YU HSY S e ol

3.1 3D Laser Scanning &5%¥

3D Laser Scanning= 22} AFA-& Scanning 315%0]
329 AR AHFE el XY.Z gh& 7H A TlolE
H(point-cloud) 2.2 gto} 56 FAFS] sl B O 2 A
Hb A glo] AW, A8 9 A% W EE 72203
4 HES 129 12,000~5,000ZAES HEF 4
U 7IEolth T3 Fo|7 HERF S AT 3}71] EA,
AAste] o] 2RE| Ao Il HfRt BERE
B4 9 | X5t= AL FA 9538 (shape reverse en-
gineering) = -F8H(reverse engineering)¢]g} 2=
o), A58 2= Fe7] B A2 AR SollA 7t
T (copy milling)s A 7]AF3H ool A Ee
AREE L QltK(lee,1999). 49t ofy e} B& 9l SFEof
of Tkt 80l 7Festal 7|24l S-&=ok=A
ZLd, AE, g SHE, Adt 5o F2E XY 24,
HY, =2 AP 59 H9S4, A5 2 2dd, 23/



3XHH 20X Z27|E ofZet EfE Hel HE

HE

2 50 3309 2%, A AL AT, B
1 574, ol 28, 8= Ut} Scanning#}
HIHS4| 2 Laser 5= ©|-83t4 tdE<]
sk, 54 S A Bist] £d &
glol8 &4dg Fast & 4 ok 27 o]
Fesiol s dele el golshl 45 78
ol hE £ B, 99 He o U 5 97
4% 87ol FEACR AT 4 ow 7120)
A4 A2 A2 240 BE BHE e ¥ dotoz
H7t= 1 It www.RIEGL.com).

it

1o i
I s
£t

Jl)l'
0.!.4
o r

ofu oo

Wi
el
o

m (- )
_ll)l' oflt F_Q

3.2 3D Laser Scanning GO S

A4 Laser scanner+= A& 0.2 Z-2 A|7F gtof| off
AEA] BHo| B2 =3 (point-cloud) 223X}
S FHRE 7|30 o]& IS BAl &
H 2]0]| laser beamS FEA}3jokstaL ]2 gt scanningS Y
A 22870 FES 9ol ol = F719] mirrorEs
AMgSto] R ETE EIL B9 R 3Ad BA &
2 91514 S| Sick BAle] EARE Laser point
o 91212 A A Aeiet ol Bz 7 270 &
2 ATl uje 2 a 5chBlais ef al., 2000).

3D Laser Scanning %2 LaserS 2AlSHo] thil-Eo]
HEALE] = Laser7} 27| of] =g w7b| o A7k 35
51 7. gtoll o] S8 Balod A2 Alkeh Ao,
2 Triangulation Method®} Time-of-Flight Method 2 1t
o] At Boehler et al., 2002).

9 12 Triangulation HOZ LaserE tAE
M 5 BHAAHCCD)O] Wel e 1S
BaseZ ©]83}o] 4FZ}HH(Triangulation) 2.2 HAFs}te]

3 1 Triangulation 4],

AAE AAske HAlolH o] P9 A HHA
1743]—4 7%= | mmET AA 3D ZIIE #F HA}
Zgsttt 19 2+= Time-of-Flight B 2 2 = Laser
% dEol HARES Laser7} HEALE] o] Foke= A7t
K Time-of-Flighty& Al4tsto] Y2]& 2 sH= 42
2 Q= 0.3~5 cm Afolojok. F7ER| 9] HEAIS9] A
&= Scanner 7|41 Aojet BA| A 2R @S
=, 2 E 7S 27 E Ao gt £F HAb= A
A Zol vl=|ste 2713k (Blais et al., 2000; Bochler
et al., 2002).
2 Ao e 158 BN 5=
(Time-of-Flight)H}A1-& A5} 11 9)ch.

133} TOF

Laser/Receiver/
Tlme Measurement Unit

Mirrer

9 2 Time-of-Flight B}4].

3.3 3D Laser Scanning 12| &3

3D Laser ScanningZ oj-$ & &7Fr|okZt [FOV
(Instantaneous Field of View)& 7}4 73213} LaserE 9t
AFste] R|AFof| A HEALE]E Laser’} Scannerd] =gt
w7 o] Al7he BESRT 1 o] We] S5 Fato]
A E Akt Fdgt 211 =S it 1 e
29 3] YR

Laserg ©o-83 A2|Y] #Zoll= A E2A S &
St H&(pulse)E o837 W $1d2Hphase shift)
2 olgah uhgo] ok SRS o] gak whHol A
= 9% o2 HALEE= Laser 334 CW(Continuous
Wave)E o]8-3te] whabe $Akdt vhabe $Aake] A5
=35l AE AARRITE 29 40 Pulse Laser?}t
CW Laser?] 98]& L}E]—q] St

A AREE AL = 9] 3D Laser Scanning %+
H]o]| A= Pulse LaserE AFE-3It). PulseE ARE-SH= 7

Vol. 10, No. 1 ]



N

OJRed -

0

=
ob>
re
o

ATT ﬂ

™~ Transmitter

/ Receiver I
ARI
|
LR

Travelling Time

3 3 Time-of-flight ranging.

w A T=Nc

L
t —T2—\_ " |
As }
|
Py
/ — i I}&/T

3% 4 Measuring principle of pulse and CW-lasers.

Ar

- AE BSshe 7P dubEQl WHOR Pulse
[e)

Laser®] GEAIZLS #Eote] F&S Fo oz,

o
=
o
=R
3
.
2
<]
lo
oo
J
>
()
rlo
(e}
)
o)
lo
1>
P
B
L
£

t, = 2% (3-1)

o714, R : A HSH} 22 93] 7k Az,
c:Hlo &=
AB-DollA AZeA} ARZ AZEeA} At o] H]E
stn, thaa o] f=doh
1

AR = ety (3-2)

A714, AR : Aele] A=

Aty 7RSS SRE
whabA, A2jeEse} e 913 7kel Hrj) A2l o
o3t 2},

30 Ralueesa

1

Rmzu{ = 7Ctl]“m (3_3)

old, Aol HE=+ Pulse?] AYAA|ZHGeneration
Time), S/NH|-&, T3 & Tl 93 2t

(3-4)

Or

ey 1
2 rise \/W

7| A, tu= Pulse BPAZE SE Froles
(photodiode) AF2] 457}, N Frio| o =} F2
719] @3- 7F=olH, YutE o2 AMgE= 3D Laser
Scanning A|JARIA A @S] A== mm TS
7HITHEA, 2004).

A |
A

D
n2
1%
p 1=
HI

D Laser Scanning& ©|-83F JZH 2|9}
ZABAL 954 3D Scanning 2 g
FBAH gt HLZE WS35k, Total
StationT} Yut AESAH| 2 A AA|5te] v|n - B4

41 BB7gH N

2 Aol AHSE 24 Al Dhe] 4400 wlto]
3D Laser Scanning2 ©]-8& 3} 1 Total Station® 2=
TAR] 723 BIAS A8t 5 33l om WEHAAR
+= EM-20A AIE 22 AAJ3}%). 3D Laser Scanning A
2 T 5o & 19] hebl 23} 2ok 2 Aol H
23 A2+= 400 mo|w] &% 2= 5 cm (at 400 m) A
Zo Al 7HA AL flem 255,000 ZIES S5
252 4 9on gAY sdzis s0x Axzes
360 2387} Sdom A A AT A5 A7)
' o] = ARo] AAZke 2 AR,

42 YL B
Laser Scanning System®] A== ZF 8 19 69 A

=2 24 v A CCD o|A ol &JsfAf ofn]A]
o $8& UeliH &4 e (712 dzh= 29t d |



3x1%1 201X SIS OIS3 EIY B B

AoNA o =2 HAEUER BT 4= QUoh 1 ek
BZto] BesHA AAE AR A E=ttd, TS ¢
A= Laser REAME © 2 B |23 34 ojdd7tol S4
2 Zolt}. ek gzto] gt eaf Yglo] HH i
ArEs 22 go|A RAE L2 RE A9 A=t
TAE = AS AT o+ ok 283 o] EFHAA =
= Aol o2 AlFOE Frh(Balzan e al 2001). & 4
TollA= We MY Aelst @4ds 55 A 3
23 Y= E EAs7|8iA 1" 72 o] 714 A
2ol th2 gew BAS AAsgon, I 7|
0] 5= =49 CylinderE A X3} ¢ & 3D Laser

ScanningE- ©]-&3}4 Point cloudE FE311 & 29 4

23 5 1AF9) 4400 B A,

E 13D Laser Scanning A}oF.

zdg LA
&A= 400m

glo]A | & 2mrad
AYALE 50mm at 400 m
Z+ A 0.002°

=i 4400 Z 21 E/ sec

2494 E 80° A2 7}/360° =% 2t

glo] A4+ Class 3R(IEC 60825-1)

TR uE 16x

| =2 18Gb

qAEEd4= 80° A& 7H/360° =Bz}
e

Base

2% 6 A7) G2 HYA) FUE,

e A} o] A 30 m A 7HA& EEAHAL | mm
o9} ZtE& 7HAH, 50 mE Wb A = ATk A
o} wat gets] A Ee $7H e )l

4.3. LY
2 AFoM = A AlS TA =234 B2 HY
< A7 WA= ARt WSS AL

A
Al HE 71E AL IF 9= Gyroscope?} Total
of ERHY IS SATFOEH

HE S4HAY /A& Bt ALt S5t AlLH
S5 AAIste 19 103} ol H

g AT 2o HEHS HAAES st AFHS

2 7] A=l u}-& RMS.

Distance (m) RMS (mm)
10 0.5
20 0.7
30 0.9
40 1.2
50 1.6
- —

\

Stdard deviation(mm)

ag 7 714A ] uhE RMSEA.

Vol. 10, No. 1 il



OIRH - LA - £

o

HY FAF #1129 Zo| BEo| Foit F 370
oS AAste] 7d 7t o= 19 1291 2| DI, D2,
HI AgE& I3 119 3D Laser Scanning¥} Total
Stationg ©]-8-5t4 33] @AWSESS AAISHF L 7714
02 7|12 AZ7)S ol gake] AYTES AASHTt

4.3.1 7]1&S Y3HA ST
e SHA e 14459 22H0|ZE WF
ek HolZ 4] WERAAZE ARSE. o719 A==

2" 10 454 4A.

33 11 @7% Scanning.

g <=2

71710 w2t 1/100 mm~1 mmA =7} Qo) B A}
A= 1/100 mme] AUEES zH= I3 149 722
EM-20A 574718 AHg3te] 19 159 o] AX]ete]
oo Y3 EHAUL 025 mmE AgEl =g A

D1

R
=N

-y

= S —
= 7
-

-

|

¥ 1272 dH.

. Ua0TZE T G 220 . tkn 0,00 .k 0000




3XIH loIM ZLVIE oISt HE Hel B#E

0+100.0, 0+150.0 mm)of| 4]

2 2AIA = B A3t

=73

7&
o

=

st90

dhat BAS 7| Ago|ng W LERy
3} o] AT,

- Rl +R2

O & X

[R + Lyll+a(T — 20)]
z7129 [ — 53A9 L

: 22X % (Raw Data) - &9 : mm
R1 : m, cm T (Tape measure 2] &= b

, ASA °ﬂ
ol 9fsf o=

a3 16 A2 Hoh=

/////

R2: mm &9] (GAE BAF)

T : ZHA 2% (0)

L : 2% S4%] (mm)

Lo : @M A| ZAoj(mm) - A|7] 2] Z785 Z0](465mm)

a ABFAS(C) - 11.5x107°/C

D : ¥3}5F (mm)

4.3.2 7|&9 HAH s SAYH

Tunnel®] AT £ Eof| 2 ELLS dAL
9 163 Zro] Y3 ASH-8& e EEE vfof Level

o} hEMYAR SHTE S} AN o B3
5 7Fst o w2 A7hfe] 245te RolE 1~241%
olufo]ofof Btk 2L 42O Level 0|t} 3
BSAE AHESte] 28 E 7|E0 R AYas T3in)
ZAYEL +1 mm PEeto} sjr], 27 W7}
4% @ u7hA) shofof g,

4.4 NgENE
3D Laser scanning= ©]-83te] 19 17, 19 18, 1

% 199} e 7} gl 3349 HES HESEO 9
©] 33491 FHEF o] §3te] 17 20, 17 21, 1 229

rrrrr

Vol. 10, No. 1 JER]



N

OJRed -

0

2
ob>
re
o

¥ 3 3D Lase scanning®} Ts9}9] 2 A7} (m).

e 3D Laser Scanning 3}k Total Station 3}k

- 13} 23 3 a02) a03) 1F 2% 33 A(1-2) A(-3)

Al 6.827 6.828 6.827 -0.001 0.001 6.831 6.833 6.830 -0.002  0.001

gHA A2 6.782 6.782 6.782 0.000 0.000 6.781 6.782 6.780 -0.001  0.001
A3 8.275 8.275 8.275 0.000 0.000 8.273 8.275 8.270 -0.002  0.003

B1 6.502 6.503 6.503 -0.001 0.000 6.504 6.505 6.503 -0.001  0.001

B B2 6.503 6.503 6.502 0.000 0.001 6.504 6.503 6.504 0.001 0.000
B3 8.278 8.277 8.278 0.001 -0.001 8.277 8.276 8.276 0.001  0.001

Cl 6.294 6.294 6.295 0.000 -0.001 6.295 6.293 6.294 0.002  0.001

i=xle C2 6.298 6.298 6.297 0.000 0.001 6.297 6.296 6.297 0.001 0.000
C3 8.282 8.283 8.282 -0.001 0.001 8.283 8.282 8.281 0.001 0.002

dHo HolHE HET 4 AU EZL o]¢ FA
AA Ed Aol A TS0l ARE-SHAL QU= Total Station
2 olgato] e % HEHSH BEE P,
3D Laser Scanning®} Total StationZ ©|-&5l] =%
9] 103] F3t ¥ 4AE £33 o] yetliglen,
1) B9 A9E 7)Ee 79 E o= waela 3)
£ WS et itk UiE HAle] =2 2
AR 1348} 32} TSl FA| AAsH e HSES
3 4] UEr figich

45 HqRHN

Az Aelel AR NY AHe AE T
& 7%, 49 th4Ee) 2718 2 2 o o 0.6mmol
el 2R 24 4 gon, ol Ayl Y 2%
Wiz | o) 5803 Wl ol Eghect. 47l
A 0] &3t Total Station®] A 2| FE = A|2AM A A
Toh ] ARA ] BASHE 277} 7000 m7AA
24 7P FURA prismE o[ §F A +Gmnr+
2ppmx S8 A )9 2= ZFe 4= Qlok. 12]al CAD
£ ol-g51o] 22¢] A2l 2745H41, Laser Scanning
S Laser Scanning®] 13 239] Controlo| A ZtehH 9]
3D BEHE HE el Z2ke] Azt Bl vl A
5 o Aen oA 27 24, 27 259 o] 1AL
O] FE&Z2aHE olgst] MPFE AST 4 AU
o} #ut ofy gt T S907) 7hHsste] &2 QL Aol
7Fsshieh B a9 2 st #So] Asid
Hz=2 BEEA 0 2 o] fojxokpts 1T o 27] &
A AAo 28 == Az Q1Y ALt 1319

34 R

% 23 Scanning Control.

1% 25 Data A 2.




3XHH 20X Z27|E ofZet EfE Hel HE

£ 43U 2% Ak(m)

2w HEEAZE T W3l ¥ 1
13] £34 23] A4 £ = A(1-2)

ogH A 8.277 8.273 14C 0.004

o B 8.280 8.275 14C 0.005

o C 8.285 8.288 14C 0.003

ot 30

1 0%

“C

30 Laser Scanning

Total station

13 26 RMS £4

AR} 5 A4 BEARE 2 & 4SS
o 2= 19ith. Tt BN ZHE AEae £
Q) Aol gt HAo] RYHIAT 712 Wk o
of 2 Level & 0187 I 0] 2 25
o= Qlstel 3o A4S A} wot AEHA A
Q] skt 19 262 3D Laser Scanning} Total
Station®] W2} TZA] RMS 4] Ato|t}.

L TR eAuzte) e 2Azte) e
=3 RMSEY ZAE H|ZgeZ 3D Laser
Scanning: o3+ M sle] that U WY
g AMgeRot PIHY BAYS HT - 9
o}

2. 7129 DEWS o3 IDEAL 5T 4 U
o] By Ao BAY B o] 23
g 2 5 Aot

3. 27] B A R0l F gt e el A 3ot
Scanning 8 A=A 2|7kA] T=2Go] 7Hsste]

Hiatel 4R 58 S AT 5 A
4. 7129 W), A Wk PP B
of ufet e 038 T3k
ich

o|AF¥} ZH2 3D Laser Scanning =3
Fo=A dofjt 2] et Hﬁ—ﬁ—l— I &
Folx o] SFAAAS 243} 5t WY
A BEY UL V425
g 5 O]OJE]' Ha9| o= #53 —v—ﬂ'xﬁ
Uzt 45 A2y gE 244
AAEY 5 ofe) ool 5850 2He1e]
of B2 ¢S 7HAE MDAz -‘{Jf‘ﬂ'%u]'-

oz
i)
(o] lo

er

(
D= 1) i
do =

_ll)l'
H% to 2 @ fu
X,
>

OPN
J;;w
oy P R

r{n:

i

o

A=

HO

ofF=lR L o] 7, 2006, A5 U H LA

FHETE7IEFAL 2004, PAZITE LA

k88 2004, EEAF ST, FHAETAL pp.311-367

$97. 2004, Direct Georeferencing®]] 2]¢t LiDAR A}=¢}
CCD /9] &3 28 71, 5ol gL, pp.33 BHAFEH =

=i
o

S, 28, P, 2005, 2L o] FFg o]
SEHEEO] A U UF 99 B, et e
E31, pp5162-5166

Balzani, M., Pellegrinelli, A., Perfetti, N., Uccelli, F.,2001:A
terrestrial 3D laser scanner: Accuracy tests.

Boehler, W., Heinz, G. and Marbs, A., 2002, The potential of
non-contact close range laser scanners for cultural heritage
recording, Surveying, 28, 289-295.

Blais, F., Beraldin, J. A. and EI-Hakim, S.F., 2000, Range Error
Analysis of an Integrated Time-of-Flight, Triangulation, and
Photogrammetry 3D Laser Scanning System.

Proc. 18th Int. Symp. CIPA 2001, pp.445-453.

Lee, K., 1999, Principles of CAD/CAM/CAE systems, Addison
Wesley Longman, Inc., pp445.

www.RIEGL.com

Vol. 10, No. 1 BN





