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Three-Dimensional Information Extraction of Discontinuity on Rock Slope by

Processing Stereo Digital Images

Dong-Cheon Lee'*, Ik Woo' and Jin Ok Choi!
!Department of Geoinformation Engineering, Sejong University, Seoul 143-747, Korea

This study describes image-based approach for efficient and objective evaluation method of the rock slope stabil-
ity. Three-dimensional rock slope model was reconstructed by processing stereo digital images. The model pro-
vided fundamental information for geospatial analysis of the rock slope. Methods to extract three-dimensional
information about discontinuity on the rock slope and to estimate roughness of the rock surfaces were suggested.
The results show that stereo digital images have potential to provide information for both quantitative and qualita-
tive analysis of rock slope. In addition, visualization of the results increases efficiency and benefit in evaluating
rock slope stability.
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Fig. 1. Collinearity condition.
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Fig. 2. Stereo imaging to obtain 3D spatial information.



372 oFEH - & o - A

Q977 FEE U¥S o] Baswel A8sE ¥ A7ME BASWS) GEARS Sampling
Al W BASUY AFUYFP(CHY  intervalol 1mme] A9 wie] JRC AFE T
A7) ARGRO) Tel3 ARARA@ORTE B

- . ] JRC=95.074/RL,-3.28 Sampling Interval=0.5 mm
g o) APCE J&she A4S AAXETHA 6).

JRC=95.23JRL,—2.62 Sampling Interval=1 mm

tzcntan((b,HRCIongC—s) ) S x) *Gry))
o, RL,= -1
L
e B 714 L: o Beiswe] 2
o) Ad7)e] We P wierh BAZW] A sampling point, y;: x0ll 3R F2E0.
]—bﬂoﬂ
i=]

i H
7= 7} A Ael v )
a_] Barton and Choubey(1?77) I g W ° orbERle] 27 231dlo] ohd UM oE =
olated 0~202) 72 AW AZZALJROZE £F73t . _
. - . AEojof oulzt o, ole YAARIS ol &7 A
AchFig. 3). 28, SEZAE B3 HeHe AA . oy = s
- AZWYL olgale] EEHOE AT F Yk
NE AE3he 7F, 2dA AN AR @R N _ _
i ANRLE olgale] AT r1ERe] UiE ey
Hato] Bddmzie] SRl o5t HA] of= A . s
N x9} y Weko 2 U 7hAoR F4% duiEde] )
o RateeAE Ak, ole FHA Ao 2 _ s . .
2o WehlE 2z IS SHTEN ARVE 33

3 7fQizke] A= WAE 4 ATHAERLY, 2001).
A2l JRC 7H2 Fg. 39 WASS tXElolA|g

AFNE o] Wbl 23l A% & o] AAE B

Edddd Hese] 3+ 4 JrhKulatilake et al

1995, Yu et al 1991, Hingston & Jermy 1998,

Lee et al 1990, Wu & Ali 1978, Tse & Cruden X=X, Y-y 2%

1979, Hsiung et ol 1988). =2 FoA (6l et X=X, VoY z—2,~0 (7)

o upe} gro] w3 ARget] Helgk EFEUAE

235 2A4122 HZ(Yu e ol 199)2= JRC ATE

X;—X1 ¥Y5—Y1 43724

Sample intervalol] w2l AFHoz 33 4 lom aX+bY+cZ+d=0 8)
TYPICAL ROUGHNESS PROFILES for JRC range: ax tby tez,td
1 — 4 0-2 I €)

a2+b’l+c2

2 1 24 -
714 (x, v, 2 DA AGHEZ, &y, v, 20,

3 4-6 X, Vo, 22), (X3, V3, Z3k el ZAH™E FH,
ab,c,d: FHIHH] A, Zy WATIY FoRY,
X, Vi Zip AR Aol E4%E 33k

A

=

4 —_—— 6-8
5 preeree—— 8-10
6 b~ — 10-12
7 b———— T 12-14 4.1. R2E 5

8§ b~ 16 -
3654 ulel iz A= 36°5543.3,

= L 129°08
9 p—————— 1618 42.4'0 AAE dow, It FARE S B
u

10 bt T T 18-20

: H em SCALE A AHET

Fig. 3. Ranges of JRC value for rock surface rough- b
ness (Barton and Choubey, 1977). A Fdez W

r,
_O|L
8
£
B
0%
>
S
o
N
A
®
~N
=



WA TR IEiel o3

o] Al sFARRY 7} %(X Y Z)-T’/]- e B4z
=3} Al 22X, Z, )& A 438 F S48 o

Al e ARISAEE As] AR Al 71Ed
(GCP)Ye #3§r=3F A<l total stationg A3k 7§
UsHA F53HTh

Fig. 4. Rock slope in study site.

Elawation
I 4 - 217
PIBRESD ~ vl 34
HIFZ a3 ~ JIB3 688
TIPS - 11372038
8 TS - LA
BT083 - 133 9
{10340 - 0BT 053

1103, TS - 4030 206
levnose- 1003 75
{950, 435 - 9770
909 T8I - FRASE
e ]
(BT LES - 8OE NS
| BE3 813 - BT AES
{817,156 - Ba3.813
(T 50 - 817,156
[ 73844 - TS
IS - B
e s ~ YT s
i (883 ETS - TGER
BET 2% - 53375
VISR - BB

g 997 251 i.za;fm
7K - 420.39)
&35 - 4MLESS

HArde) Bddsde] oiek 3 AR 2 373

4.2, 3AIY LUAIHZE MY

53 tAE G2 THE ARIESE A2ER]
Intergraph®] ImageStation ¥ DAT/EM<S] Summit
Evolution® & A2|atd AL 25eme A4 sk
ubrpEe] et 3k RIS AASHTHFg. 5).
A £ PR EG L o E G Zie] o
3 AFEom AAEIEen, Ee Ee o ARy =
e 98l FEors sl Ao wwslich &
TR AYHE I FuiA 2gela B8E 3l
= HHLAE A7 28 SUwk Ak median
fiiter)S #8-5t3irt. Fig. 62 dnurpdndo] th 4
Akt AN BEE A7 o2 Ve Sl

4

43. YHOFRE ABiAIMO EXEM F&E
hkAbHol] EAshs BAsdS vt oxE a4t
A2 LejE(Pratt, 2001; Russ, 2002y o]&-3} =}
Tog FEske Wl wgk Aot AP YA
e 2 Yohs BASHES B FEohe 212 A
o] Erlssit). Fg 7 G7uidk ofubapd ool
2202 FZET B0 dE HalFT ik ok
AV HEE BALMe 2 pEas. oA wsl]

p

10m

18

Fig. 5. Reconstruction of 3-dimensional rock slope model.
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Fig. 6. Dip direction and dip of 3D rock slope model.
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(b) Discontinuity extraction after anisotropic diffusion.

Fig. 7. Examples of automatic extraction of discontinuity
on rock slope.

Fig. 8. 3D digitizing of discontinuity on rock slope.
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Table 1. Dip direction and dip of discontinuity on rock slope
(unit: degree).

Discontinuity Dip direction Dip
1 49.80 78.54
2 171.15 74.33
3 171.04 82.55
4 8.31 83.95
5 145.72 76.86
6 167.50 80.47
7 148.55 62.98
8 2.03 88.06

Table 2. Surface roughness represented by standard deviation
(unit: cm).

(a) Discontinuity surface A

Profile Automatic 3x3 median 5x5 median Manual
1 2.080 1.952 1.833 1.939

2 1.718 1.732 1.720 2.739

3 2.097 2.032 1.951 3.285

4 1.026 1.045 1.102 3.829

5 3.272 2.841 2.457 4.346

6 1.777 1.696 1.520 5.255
3D 2.530 2.480 2.401 2.401

(b) Discontinuity surface B-1

Profile Automatic 3x3 median 5x5 median Manual
1 0.674 0.674 0.572 1.031

2 1.510 1.252 1.092 2.030

3 0.929 0.865 0.802 0.911

4 0.523 0.523 0.473 0.523

5 0.951 0.775 0.631 1.511

6 0.924 0.855 0.819 0.924
3D 1.532 1.504 1.497 2.044

(c) Discontinuity surface B-2

Profile Automatic 3x3 median 5x5 median Manual
1 1.355 1.313 1.257 2.067

2 2.109 2.080 2.054 2.298

3 2.341 2.341 2327 1.588

4 1.149 1.149 1.191 1.143

5 0.549 0.626 0.628 0.923

6 0.658 0.658 0.624 0.613
3D 2.251 1.905 1.852 1.836
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Fig. 9. Stereographic projection dip direction and dip of discontinuities in rock slope.

(b) Discontinuity surface (B-1) (unit: cm)

Fig. 10. 3D discontinuity rock surface models for roughness measurement.
(Left : automatically generated surface, Right : manually generated surface)
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(c) Discontinuity surface B-2 (unit: cm)
Fig. 10. Continued.
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(a) Discontinuity surface A

Fig. 11. Profiles of the discontinuity surfaces.
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(b) Discontinuity surface B-1

Fig. 11. Continued.
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Fig. 11. Continued
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