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A Study on Precision Measurement of Rock Joint Using 3D-Laser Scanner
Seung-Ho Lee, Young-Cheol Hwang, Se-Hyun Kim, Seok-Rae Sim and Tae-Young Jeong

ABSTRACT. The existing methods that can be adopted for measuring joints involve either to use borehole or photogrammetry.
Due to restricted space, acquisition of data in limited area, and measurement errors, above methods have limitations acquiring the
objective and correct results. To get over defects of existing joint measurement methods, joints have been measured using 3D-Laser
scanner with accuracy and efficiency. This research aims to investigate an accuracy and applicabiliy of 3D-Laser scanner for
measuring rock slope joints. Measurement of rock slope joints has been executed using 3D-Laser scanner & clinometer and then,
results from both methods are compared. Results from both methods indicate that they show nearly equal features for joint
distributions and numbets of joint information obtained by 3D-Laser scanner are much more than ones measured using clinomer.
Therefore, 3D-Laser scanner turns out to be very effective by the fact that it contributes to reduce investigation costs & periods,
objectify data from rock slope joints.
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£ § 7ISHUASY TS A AFTE 8T PR FAREFE )8 SRR b 5 3ok 29
uojd @ SAWH L THA Ao 288 7oA AAu e BF, A LAk Ak de] A8 Y5de @
AS 71 & gt giglew, AgAoln A& A5 A7 F2)7t ATk o2 71E degy Py s 55
A} A= R HEGE IS F 5 AT PL2R 3 oA 2AUE 18R FPRE AN A I 2
dFelMe hiAbag g R 3a4 dolA A o83 deEAe FE&Y 2 #E sede AT o
£ S8t #olA 27t 22l vE| & o8-8t thdAbd e Helg SAsF o, ol & HEA YT dolA 270
et gecuHz S48 da £ f AT U nud 25 do £Xe A9 YA FIHRL
o, 3349 2AUE 088 AAdMe s dele 502 ZexrHE 233 FEET o g2 4 telygs
e AT wtA duatEzAb Az AR, AV B, 2AF ] A o At 9o, gukat
"o AL o2 Atz 2APL 7hesln 24 AR HEE £ 9o A ws adH
WHYE 45 AUk

;Yo : oA 20, Ee X, AT BFE, Fulol"HT

LA = sHog AT olg Al gloiAE AP
Zxot 4 EF4H] HEEd(Orientation) 2 ¢

ARZAA A 7P AFAY 4Be v A(Spacing)s] o] B o]k,
4 R0z 9UsE Pel ¥ U UEAY BA AWl BA Jd =29 dFHosyy 7

AHQ e, w5 WAL 23 & dou
e ARE A&HT RGP 2RY + e
A Polo] AN ol FHY TR wF

1) Ao g
2) BorEFAY (F)
A4 ¢ 20049 99 139
103



104 ol%3% -

o AFE ARE B&ste] WFYE st 9
o, metx ZFF7IYE o83 HAEd AU
o] sigo] Pagt Aot

71E S84 tde s FANIEZHS of
& d2F4 7ol IFHUTt fFEE 5(1983)2
49 32 FEE ol 83t ut BASHY F
T BAE 9402 Fgske dad 7)2AA
AE AN, Grade(1992)E FLA179)
& tAEeld gt AZFFegHN B 9
32 WEE STt AHAE AAG b glon,
25 @RdA 28 4 de A WS A
Algti AAe Zaj

HZ ol *ﬂlﬁle o]&3 AAZAF 7ol

re 4
I
)

o

& A7z I ololxm Ytk ol A7
. E}]QE*}“L—] FZo] oL A AA

PAR:Y

ZH4og JAA AHAE & F Jon #HolA
£ Jleo 2= A AFEE =Y e
Aol 3k

A4 F(003)2 #HolAH Z2MA% ARISFS
ol &8t BYF EalAo] disl A ZHL 44
st FE=g wwstgon, A4E, 1 E(2003)
L Y dApAo s #olA MU} x4}
A5EFS o]-8-5} R 2 Y5771
DEM(Digital Elevation Mdel)-g2 F&3dlo HAUE
& ¥l #4571 FARESF g olA
2739 &7 HlnE Fa A AU AE=
o A7 #& & + AU

ey 47 dFEFe S IR el
U &R FEE dHE RoE HEE AtHY
A4 & At fdtk B dyoAMe
FTY Aol s getE delSg WA 24
rlEle) #olA 2l o] 83t tigAlH e ¢t
A4 E4E 2% HE dolHE 53tn ol o
3 &l dolA 2] A5 4 &

A

2. 3XHR Fo|N A7HY

32k Elold  2AdE EEla AAYolY

9 - YA - A4 - AU / o

< dbgl #2294 A3E, 200439 99

(Reverse Engineering, |33l) EofollA go] AL
Hi gtk gus dAYolHo|d =He] EA3}
A e dE2SE Fdou A4 FRE I5,
2D = 3D =9 Az, 2944 52 FoEH
AF A T FEae d¥Y AHS HIh
Hx 7IANYAMEE EHE7] AR Ed o
F dolA 2 § 47gu Lest 374 dolH
e Z2ae] dHoe g gt S&Eopt A
Hiok A=Y gws dAYAY e $d
PEH 2AxH0R 34 BE Fokl 857
Alztste] 1999 ~HE = dfsl Folx AAjg 7|
APAR 2F] g 32k Holy 7% TEAE
7v w8 E 8 Jlon, A8 Eirho]X|(EHEF)
FRlMe 32 2AUE &85t T2 W
FHE ALA AlEGoldg AtHl Fol Utk &
FAME FF Gitel B g 324 dlojH
7= A Fol F1d v Uk

32+ HolA 2AY2 A B Eoplr &5
g0} AREEI Stk oFe % o FEoklME AL
#o] AAE 278l A=) HBs)a glo
o, AAERIME AT BHE A% HFEY 3
A4 wlold A8F o8t A R =HUAE
HAS & A8 R8st ok =7 V1A 4 EW
E EoplA A ¢ =uzge IS, AFd

J254 Eopell ARSHI 3ler, F3h4) 54 2
RE, F22 AAHA B E 98 AHSET Yok

21 3x3 xFEE £H

golA &g F3f 3 AAFEE FE3
WHe F|RHo 2 TimeofFlight e o]g
3k W3} Triangulation WA o2 e 4 glch
Time-of-Flight ®-2]-& #o}A FAHEL, 418, A|
IEPAZ pA=EE, HolAE FAS F, AA}
o]&3ld Ag FAHTE A (A C& ¥
£50|H, 1 - ke laser pulsed] 412 =3

rlr

(ol

r'\l

£ Lo du

Distance = C x

(112— IQ) (1)

Time-of-Flight ¥412 dutAEQl £ A] Smm &



3D-Laser scanners

=AY 2AMe Imm PR 9xp7h wAls}
W, AAE olgste 544 ke Al A
HE7b ok AstEls 540] 3ok

Triangulation $41-& #o|HE BFEE] FAlG
F CCD camera® AMEdtd ZR &9 dold 3
(laser spot)& 71&gtch olw} #Heo]x Mo HA
WrAog 71549 #Holdy We] FAAE, o]y
FARES CCD camera®] A2)(Basejol] o8} 715}
2o AE SAs O 4 Q2 vErd

% 9tk
ford
Z= b+ ftand
)
X=Ztan§ 3
71X, pE ElelA el Gadlael 9oy,

for 22 2PAR Y, s CCD9 Holq 3
ARRTEO) Aok

Triangulation 448 wj$ B3} Zgke] sl
3k, ek 2m B9 7M7kg Aol 1mm o]ahe
LA7 v, Azt doldeS CCDoA ERE
o golx A& Aol 347 W) Yo} 8
oA, ol g fAo|A dold FHe whniz
ol 7] Wjgel FHRT} ofztell Sk B9v)
Bk

22 3%# Ad I

279 7Pl gleld FAbgalel whet Point,
Line, Area ©H3jo] 27d o} ) Point @
9 2L HolAE o183 FHY BE AE
Z3(Auto-Forcusing} 7152 £88 139 w4
Mg 33 RESAHVS 22 NANY FEAA
ol asled 3x9l H4g st Waolh
%%‘%’—Cﬂ})ﬂ Bl H&gol BAof 23 Folspy

Bl 9= PsDe] HAIAE ol&stdd 1 A
813 dohfie Wtk o) riye HrHQ 74y
& B2 97) BEe] uighgAel Fom ol

e @A B os e Adsz 24 4
gtk REE 10~20m ol 23Y | e

ol & ¢it dlel yUSAY B a7 103

A 7R Basks A
Arpe do] gk

WEF Ve il A58 2Ee A4
51 &4 3D 2dg FET 5= Q) o E Eof
%ol 3%, Zol 10047 He dES lom 713
o8 LYETR & W B3} 1~24zkoluel] &}
e ¥ & Ik

Zre] Sfekshl 28

LARER
gpe

RS

PROLY .
y

1% 1. Optical Stylus ¥}

Lineth9} 8] 2703 7ol slitbeam& A}43}
= #hgol Zh derA ] 3 Gy 4] 8
dE Adse Yool 1y 2009 o] &El
HolHE FAlsal B2E B&) CCDef} 2 JAHE
NEHLE A doHE g58d "o zds
delHE 7] sie gule videlEgAr) o
3t AE8xE 8m~1mm HLolr)k ohifEe]
28Y A5 AL 4 e otk

%m

/_,,./’ B

N W e T wpdetion O
i oo DG o P kP
L

:1%} 2 Tnangulauon t‘"é‘



106 o]

o>

5898 - gAE -

Area &919] AY 7Yl e FAAESY, Ko}
A7y, A3 SAUEPMP)o] ot HZd 94
A 2% 71N mlolazwg gele] JE4%

A& dolEgsoz A4 wn s P
g3 ESPPIT, SPUe] HHE FA)
Atz BAld F9 AUe BIHTL o
HolEE gSahe Alxdolth

Koo

st 3214

)
rfr
It
of
e
N
9,
o
I 2
o
)
ox
o
Y

o MM ae ox
)
)
!
>,
oo
i
L
oL r

K
4
o2
i
»
e
! ot
f
©
)
zi
fr

Het $olAA Hed ol
zol o8 A1FAA Aol A
Bobdl ol FEAE tF Mﬂs& 3
n&oz AAFm Y HHtEel
SES o8 £2HE YAete] RIS
Jahe Pyolch

O>~ [
ot
.me{n
o o
>

le

P

23 3xr@l FadiolH &

339 ol 2AUE olgdte] 5 ARE
2 339 4B Z2IPL o) gl EAAIR
He ARE PP GFYAG AY FUB
A28 EEWh

CELRE LL T

e}, 224 A3, 20049 9¢

3x¢l A ZEade 349 AR RE
Frdeoly e & <4 dolHE g¥wtn
o] Hlo|ElE Al 3 Be %%J%Ué% Zkq
%lc} E AFA ARRE 3R G4 #

< 3DSDE 7|E w2 dxyolgg Zaamel
Rapidform-2 71¥to 2 3, 3D #lo|x 274 =
4 ¥ AP g olE|(Point Clouds)E =}% AHz}
g}, A4, BEste 22 RS AHgozEH A
gHe) HAHE 2 HAJFFEY HIRE A=
delwg 74, davolHE 4A "ok

Aldlojele] ¥5 #HPL the# #rh Scan
Datag T EZE A®loz HEsiH FE wg
A= 3714 wyo] Ak A ¥MA WYL g
A2 243 d4 24 FE 34 Scan data®}
338 YAALLE Scan dataZ WHE A7l V)
ol HulolHE S1Yd ¥, ARWUBS 43
39 Scan data 9] o] FHHL R o)F3dA ¥
th % A Who 2= F3/ HAKstrike / dip)E
H%‘é}% AFAE TS EAA FE9] Scan
el TransformS A& Aeist 99
o] %‘%“f’i T3/ 4 HStrike/Dip) & THAIEF
HEste dgolth Al WA e FowuA gy

r°“

OIF i‘l A

7 T°r/‘]'§l' o g AL sl Zog, AFH
Hol &k AAHstrike/dip)e FYS WHoZ ?J
#aht —’F— *-4 AHHA dofor st HE

Ao dEdoza HxWFo] o]FolAs Wy
. AFdolE|(Point clouds)e #WEi 7| 5}7]]
gz HeshA AHelgd. 290d AY=EF B
A 2 dolHe AT FE HFHslr)
A% "8y #AA § g AdE ez A

_4

2 QA 2HFe
S3Y + o, %3 R 2471 e o
FAo A deHe] A& A 5 Aok HoE
qole] )Moz
4 %‘CE‘,, Frlctlon coneS& A9

it
(0



3D-Laser scannerZ

o g%

FEYs] JUagel BE A7 107

Rotary Table

® Other Processing

r;Triangula’tion 2D/3D

'

“Filter Noise S
i Filter Redundancy
"Point . Sampling Points
_Clouds =~ "' Smooth Points
Polygon =¥
Meshes I

- > Reg|strat|on of 2 shells o _Global R Reg|strat|on — }+ Merge SheIIs

29 4. Fejujoly F277

CEDEIE IR TS

4 g4t 3 devlelEF2

2 UE F

a8 5 3 3 AHY QU E 9% Ay oy

(]
ot
= oo

e BENAF os Y HHapHo
2 APe] gole Hd 130m, AH ] e 100m
2 ZAPEEe N36W, ZARs 65NEelH, e
HERS FAAE 65° ~75" 2 FAAE %1 3l
o AP #0]9] 1/3 AlA HEE AlelZ f&
F7h BEHYeH, FYRAN HZo g Hdg
of 9§ A& &R o] APy Qo
g g dge] £33 5L 71 glen,
APES] B et AR Ae] o 4
Ef o] .

|
|
|
|

a9 6. A% g



108 oles - F9d - AAE -

B AT A" MENSKAFY o)A *ﬂM
(GS100)+= Time-of-Flight 4]0 g T € B

Holde Asstd F37IYe 45 é%*‘é} 3
A XD Y AL st 3344 Hol
A 2A7E 29 3000 3)9] YolHE FALete
Agog Zgg AgFch w£F Pyolt 1YA
of % WFS A9 WA g YwnHes, A
ARG 30~50mm EeolM 274dE A5
AozAbEz] hsl s 5~10mm HS ol

FdEAo] 7hsstth deolAe] =7)(Spot Size)=
100mE 71302 & W 32mmol & dzeis
50m Aol 2702 o] AYE SHFA
c}
¥ 1. Laser scanner A9
A A GS100/MENSI
Scanning Range 100m/150m max
Scanning Speed 3000pts/s
Position Accuracy 3mm/1mm
Angle Accuracy 32urd/0.0018°
Field of view 360°(H)*60°(V)
Spot Size 8mm/optimal range

a9 7 Laser Scanner System

32 Heldiolg &

daAbEE 270gste Qo 33 FEHL
z+= ZFdle]E(Point clouds)E 3DSDZ & 1S
o} g3t B2zl wo|e= A (Filtering)sta,
2} A (View Point)ol Al 27|98 Hlolels A
&7 3l AErEHE AR (Registera tion)3}e]
shite] FZA(Object) = F-g(Merging) A AT <]

EEEREEENEDE

wal, A229 A3z, 20043 99

HAojA EEast 95 HulolHE IHHI}HL
o, HulolE#& A5 dd(Polygon)sle] Az
TAAGT & Hoez AEd ohg AAXFE sHAs
¢ & 943D Modeling) 2.2 A& 3l H T

A DS AP §F s e AYH
o] AUlFAEUES duiFEg e st H(HG
o) HTEE Ze YHor s dnA )
€ Adde dHeleE 58 4 AUtk ol
Az dlojee] H5o] 7 AL Hedg olF
€ Zzhe] FelolErt 3aH #Axae AT U7
o Zolm, Heug o= HATvolHe Hage

e wel 40 % oxe RS HEEol
zsltt, 1d 8L o]yt
3 ol A1}

ulE S 9 vla- Bl 3o

Aje] 2 FFL FA
dde devlolg o] FEHA
O]]l‘, =

29 8 329 EdPS o83 A oy A5

4. FE¥E 2 o F

4.1 Hg| dlol=

3214 oA 2AUE ol 83t 5T 3xHd
FHEY] AgAe vlwstr] st R 22
=HEE o838l dEg SASA



3D-Laser scanner® ©] &3 ¢hut Helo] AYESH B AP 109

AFchFArde]  Cutting  Faced] AAlurde
65/054(Dip/Dip Directionjo]n, ZelwrlBy &
Ad Ay Holee 19 9@ Zo] & 2879
A dol8 g A8y, 349 2 E o g
# A diolele g 9b)s} gol & 4074z o
A Heuhs A8 339 s 2oy
£ o] g8t F2aga.

42 Hel&d "

i@y Contour plotiﬂr Rosette Disagram& ]
el He] BX 2 Y wE4E vlws)
Atk Contour plotd] ¥jmds Haje] E¥xE A

e Dip. Directinn e
t

< NI BNE
© HTY ENE
NI 28w
¢ fer smg

j

H
/
{
;
i
i
H

?
we=Saleduinesd.gt

e
.
T i
&

EECVEREERTCRTEET
. : [ g
E

&
;

%
|

cegpoag

34

58

H

g

g
2E8nsEdesiBanlaRasse

&”:’smawws HEBRE:

"%

I

85

WHHE PEE i
Fol SE a3

0
AR T mu

@Z2=rd £4 23 OElolA 249 &4 2s
¥ 9. e dolE

oy 10,

o} FYstAl FhERaH, 33 2 E o]83
A M o Fale] =02 (linometerz &%

FEETY o B8 59 ssAde] e "as
£ 4AEE & e 8% 334 dEHs ds
3, #4719 2 Hasael o] WEsA &
Helo} #Y 2’\}*} A4 S4E ¢ dAd e
g 54% ¢ Al dolH e M-S 2y

+ A3t

Rosette Diagram &% Ag5E Agxozm H
Ade PEo R dwbEoR HHo® 100~360°
ke diz] 2AFE AFoR BAstY $4AF
BASETES AEE £ o, WRr) & aF
& o] BAHT e wEe aFe 49
01 *?%ﬂ A FEHez vy de, Fde9

& N61° ~66° Wt N19° ~55°Eoln & g

2 75“}2}7} d 3~ 2 43 Feje e
Aol & HolE Holx ggtorn], W oy} @
A% “’E‘ii“ﬁ%‘ 32 2afuiel el boley
I e, o2 93 o Ags vizs
2EE & 3AT

32 Hlold 2AfuE olEshd ohwbabd
g e A, A 93, 24 3d] A0
o} Zzpr} glen, ehiabde] 2R} olle
Ago® AW JPeskn AR SRR 81
& ¢ glol Al =9 axbAe] wEde ¢
4 Uolth

bd

ch

3D Laser Scanner

Pole Plot



110 o]%i.%}.ogé.ﬂxﬂz:ﬁ_./\lx%

dAel - Jeh Y / SoF - duh, A2 A3%, 20043 99

Clinometer

3D Laser Scanner

2% 11. Rosette Diagram

Clinometer

3D Laser Scanner

3 12. Contour Plot

548 E

2 A7 NE hAEGIRE oz e
29¢ 99 3349 AolH 2AAUE o8 WS
He) B4 0 B8 SPs4e AT, ge
3 e e I

1 JlE 2934 98 729 =59 A5
RE BEH PPNE Telnz ADR
9 A WS & ek H2 FolA 27
o Yo hF A77E AW Foh} of =@
SR YRPANN Qe WPl A4
F e ZRHY P ANHAE ZaAo

2. FLE AbEe W3] dlolA 2ol Felev]

BE ol&std de vlolHE ¥5stn olE
vlwg 3 del 34 Anrt Ao dAshy,
FF 2 98 24 £ Add ZeE
s fAZAM FAF F 3o e doE

AH8e ¥Y 4 A

3D #Holq 2AUE o84l gHIREA AR
o) A, 2AIZY ©E, 24 Ay AE
o E37h Qom, ghaimel 2PZA} ol
& AYIE 2APE Assha EAY A
=

vy 4 Qo] FelEAel e EAHQ
g 4 Atk

of
i
a2
o



3D-Laser scanner o &% vt Hele] AREAol By AT 11

. 3D HlolAH s} A ¢ 329 AR
AP gHz 7)E HelEAe 9He Hel
g 4 3g Ao oA 2 AAE HE
gt B} thekgt S Al 2 B, A
A 5ol &% & e Aoz Jydrt

ol3u, Fiel, TAT, 2003,

gojA 2AHE o] 83 2 Y YRA2EH o]
AN Azl B A7, S=PUFTEI R,

Vol. 20, No. 9, pp. 197-204.
9l s AAe], 2003, 3D laser scanning ¥ <

AARSHFE 0183 PRkAlEe DEM $&7)
9, EHd# AsFzE Vol 13, No. 3, pp.
207-214.

L olA7l, $AF, B, &9, 2003, 2AYA}
A%t dolH2AUE o83 F3hi A
2%, 2003 FREFYS EAGERES] =
Y, BZEYN, pp. 49349,

- oldel, 2002, HlolA A HEgx HAZFF 3
A FARY AN, JAEEE, SRS
A., 1998, The Space Envelope: A
Representation for 3D Scenes,
Vision and image Understanding, Vol. 69, No.
IV980666.

. Besl, P. J. and N. D. Mckay, 1992, A Method
3-D  Shapes, IEEE
Pattern  Ananlysis and
Machine Intelligence, Boston, Massachusetts,
USA, Vol. 14, No. 2, pp. 12-15.

. CAD & Graphics, 1999, 2l Aqx|]o] g
9] 32k 2709 €74, CAD & Graphics.
Hoek, E. 1980,

Underground Excavation in Rock, London,

. Hoover,

Computer

for Registration of

Transactions on

R

and E. T. Brown,

England.
. Hack, R, A. Turner, and S. Slob, 1980, An

10.

11.

12.

13.

14.

15.

approach to automate discontinuity
measurements of rock faces using laser
scanning techniques, EUROCK2002, Runchal,
Maderia Island, Portugal, pp. 87-94.

] Y. and L C Chen, 2001,
Semi-Automatic ~ Approach  for  Building
using  SLIT-MERGE_SHAPE

Remote

Rqu,

Reconstruction
Method, Asian
Sensing, Singapore, pp. 5-9.

Lai, J-Y.,, W. D. Ueng and C. Y. Yao, 1999,
Registration and Data Merging for Multiple

Conference on

Sets of Scan Data, International Journal of
Advanced Manufaturing Technology, Vol. 15,
No. 1, pp. 54-56.

Manandhar, D. and R. Shivasaki, 2000,
Prototype Developement for Vehicle based
Laser Mapping System(VLMS), IAPRS, July,
Amsterdam, Vol. 33, part B2, pp. 359-366.
Priest, S. D. and J. A. Hudson, 1981,
Estimation of discontinuity spacing and trace
length using scnaline surveys, Int. J. Rock
Mech. Min. Sci., pp. 183-197.

Zhao, H. and R Shivasak, 2001,
Reconstructing Textured CAD Model of
Urban Environment Using Wehicle-Borne
Laser Cameras, A
Intermational Workshop on Computer Vision
System(ICVS),
284-297.
Zwally, HJ, B. Schutz, W. Abdalati, J.
Abshire, C. Bentley, A. Brenner, J. Bufton, J.
Dezio, D. Hancock, D. Harding, T. Herring,
B. Minster, K. Quinn, S. Palm, ]. Spinhirne,
and R 2002, ICESat’s

measurements of polar ice, atmosphere, ocean,

Scanners and Line

Vancouver, Canada, pp.

Thomas, laser

and land, Journal of Geodynamics, Vol. 34,
pp. 405-445.



