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Rock Joint Survey System by image Processing and Stereophotogrammetry

Dorig-Woo Ryu, Yuri Lee, Yoon-Seup Chang, Hi-Keun Lee and Hyung-Dong Park

ABSTRACT Rock joint survey consists of measurement of orientation and face mapping for trace informations. We have
developed a new alternative approach called rock joint survey system by stereophotogrammetry and image processing to
replace the conventional manual method. For the measurement of orientations and face mapping, we applied a
stereophotogrammetry and developed two hybrid approaches using image processing techniques, respectively. These
methods have advantages in making it possible to measure the orientations of joints and perform face mapping rapidly and
objectively in unaccessible and dangerous areas.

Key words : rock joint survey, stereophotogrammetry, image processing, hybrid approach
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Fig. 2. Three different photography categories. The
shaded surfaces are photographed in both pic-
tures.
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Fig. 3. Coordinate determination according to the stereophotogrammetric normal case.
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Input parameters :
u, CB, direction of x-axis

4

Acquisition of image coordinate
pairs of points :
(50 Y (8500 o)y oo (o ¥iho (855 85)

'

Calculation of parallax P = x;; -isji

v

Calculation of 3-D coordinates

Z;=CB*C/P
in=CB*xﬁ/P
YJ,=CB‘)’J1/P

!

Definition of the j plane by i points

!

Computation of dip and dip
direction of the i plane

!

Error analysis

y
END

Fig. 5. Procedure for the determination of orientations
of joints.

% A8 (DISTO series)® o] &, AA H &(film full) A}
o]= HAYY stereoscoped o] £ TUH w449
A 55 AW 4 ghct

AL ARolA & F UKe] Ao 242
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Fig. 6. Model planes for model tests.

Table 1. Resuits of model test(average depth: 3550 mm,
focal length: 50 mm, and camera base length: 700 mm).

No. of

Calcutated Manual  Relative

plane Orientation ) ) errors(® )
Dip 75.8 b 4.8
Plane 1 .
Dip direction  147.7 148 -0.3
Dip 57.6 59 -1.4
Plane 11 .
Dip direction  164.9 165 -0.1
Dip 88.2 90 -1.8
Plane IlI .
Dip direction  173.2 170 3.2
Dip 613 57 4.3
Plane IV
Dip direction  130.7 130 0.7
Dip 479 46 1.9
Plane V .
Dip direction ~ 314.5 310 4.5
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Table 2. Results of field test at Mt. Kwanack, Seoul
(average depth: 4159 mm, focal length: 50 mm, camera
base length: 800 mm, and direction of camera base:
N43°E),

No. of plane  Orientation  Calculated( °Y  Manual(®)
Dip 80.0 78~85
Plane 1
Dip direction 522 51~59
Dip 74.3 65~75
Plane 2
Dip direction 50.8* 52~60
Dip 75.6 72~78
Plane 3
Dip direction 50 48~54
Dip 19.4* 20~25
Plane 4
Dip direction 236.5 235~252
Dip 88.7* 84~ 88
Plane 5 .
Dip direction 226 224~229
Dip 275 23~28
Plane 6
Dip direction 240 235~244

* Calculated value out of the range of the manual value.

Table 3. Results of field test at Mt. Kwanack, Seoul
(average depth: 6000 mm, focal length: 50 mm, camera
base length. 800 mm, and direction of camera base:
N55°E).

No. of plane Orientation  Calculated( ®y  Manual(*)
Dip 79.7 80~84
Plane 1
Dip direction 544 52~58
Dip 65.5 64~68
Plane 2
Dip direction 38.2% 34~37
Dip 41.1 35~42
Plane 3
Dip direction 3509 348~354
Dip 87.6 86~ 88
Plane 4 L
Dip direction 146.3 140~ 147
Dip 88.7 86~89
Plane 5
Dip direction 136.7 135~ 145
Dip 85.4 84~88
Plane 6
Dip direction 305.6 307~312

* Calculated value out of the range of the manual value.

o]z 71& 7] (edge detector techniqueyE-< i8] 3
Eoll A= o] Qrh(Gonzalez®} Woods, 1993; Bissmann
7} Besslich, 1995; Pitas, 1995). olX] & 712 o
4 ol upet ZA F XN E BFE + YUk

hH F8A ol A7 S (local edge detection) : -3
3H; = shiol] HEE AMEEE Sl
() ADH o) 2 A ZE(global edge detection) : oA

ARE A7) 9 A Ansh Yeiw Py A
$oht 4 $olut,

FHA AAHEL A F2E v, A9
ANAHEL UAIZE ARl A3 Helgd o2 FHA oflA|
£ A7 5= 71y ol

Aate] Hejjol] vt ¥ 7Ex] HE7E F-EE =,
Roberts 4R, Prewitt AA4HAL B Sobel A A4AHE o]
£ AE717F HEA o] ch(Table 4). 22}, 13} v
AAAE ol &t oA HEVIEL FEHE F2 o
A& A&l S 7Heh ohE Foe® eEe)
2= A AEA} (Laplace operatorys o] &3 o2 &7]7}
et

13} vl& @ikl 5A S (intensity)e] W37 €
ThEA 3] ellAol|l A Hll F-2 F4E 7EIek 9, 2
2} vl AAR= o[ Aol A G iR} (zero crossing)yE 7H
o} OlA] HES $1% 24w AR I ALl o
2} 2}-EekA] ¢h(Laplacian), LoG(Laplacian of Gaussian),
18] 3 DoG(Difference of Gaussian) 522 o] 3
t}(Table 5).
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Table 4. Various kemel masks for local edge detector

and their characteristics. H, and H,_ are row detector and
column detector, respectively.

Mask (3X3) .
Characteristics
H, H.
ofof-11[|-1{0]0
Roberts || 0] 1]0|[0]1]0]||® small kemel mask
@ sensitive to noise
0(0]|0 0/0]0

@ sensitive to horizontal

Prewitt 1{0]-1 0j0fo and vertical edge

@ insensitive to noise
@ sensitive to diagonal
SHINEAR edge
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Table 5. Various 2nd order differential operator for edge
detector.

Operator Mathematical form Characteristics
) . If(x,y) If(x,y) @ sensitive to
V"f(x’ y) aXZ + ayz noise
_(+y?) | @ use Gaussian

smoothing

1 X+y . 20’
LoGtx ¥) —'[1 “_1'}3 @ make thick edge

no’ 20°

4yl Ky @ more effective

267 2032 than LoG
DoGex, y) e e

2RG?  2MG3

* Laplacian operator

gl Az i AEE F 7 £33 T (hybrid
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7t e oo
b 48T 2L A 54E A 9
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&, 9499 Fo| thd 3£E 7HAEF A4 3 H(thinning)
2187} o8, o] & 9lall skeleton 71H& FH 831t

Fig. 72 & <A AAEe 5 7kA 9] £5F
W (hybrid approach)ell 712310 2418l A= Geolmage$)
EEEo|th

3.2.1. Canny A AENH
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€ Canny oA HE7E ol &3l Canny olR] HE
71+ Canny(1986)7F A& 7o & #2242 Fig.
87 et
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& &I (blurring effec)E WA 71},
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Preprocess :
Noise reduction
Contrast enhancement

)
L |

Edge extraction Linearment extraction
by Canny edge detector by Hough transformation
@] [ o)

]

Dilation and erosion

Thinning by Skeleton

Fig. 7. Two hybrid approaches of image processing for
joint trace extraction. (a) An edge detector
based approach, (b) a hough transformation
based approach.
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3.2.2. Hough ¥y

Hough ¥3F2- o) Z4h(binary image)oll 4 71318
A FAEE BH A4, Y 5E ] g HEE ¢
e 7IHeR, dAEEAE Folv S8l 71sleky P4
ol th s i EH-E A3}, Aol F2E £33
£ o] &% oAy B2E ok g 4 2l

r=xcos 6+y sin 0 (1)

ol g T U FL AA Bl A A (., y)
€ W T3 W AR S-S0 &Pl siggict
(Fig. 9).
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Blurring by Gaussian convolution
for noise reduction

v

Calculation of gradient of brightness
in x and y direction, respectively

v

Calculation of magnitude of gradient

R

Thresholding for binary image

v

Thinning for edge
with one pixel in width

Fig. 8. Procedure for Canny edge detection.

~JNI+N2<r<, /N7 +N3 (12)

-90°<0<90° (13)

Hough #H3Hol| 7128 484 A& 32 Fig. 10
¥} A},
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F7ks) 4 P(a, b9l 7] KXLell 21E38) ulalA,
Hough H3ke] Al4ed-Z 3l KNoll sl#ighe}. o§7] 4,
K& w7 a®) £7-7k(subdivision)e] Arelw], N&
ol A HE A#Q) o3} B4 Aot uhehA,

(a)

Hough #3h dubA9) A4 HE S FEch Y4
w2 A& szt

Hough W3 71 o] =28 s HA3 4 7 o)
M e ohg3) 2

(7h 71€7] QA Zk(gradient threshold): ol Z&&
A% HE 717 YAFLE, Sobel dIA AE
71%E 4t

b A4 YAIZk(ine threshold): 2402 Hehet 4=
A Ha Hol(H4A 29

(ch) Hough A1k 24l ollAjel] hEE YAIRLSE, o]
£ S FheliA e A o Aol g
A Al gkol .

323. 9%y A<y
3 e} 3t (morphology)2] olZollAl s 3(dilation)s} &
Z(erosion) DAL a2 7ol A ol ¥ek(Fig. 11).

Zh Bell 28 A9 3%

A®B = U, A, (14)
(h) Bell &8t A9l &
A®B = N,cpA,= (A'GB") (15)

o}71 4, B'= B2l {dol tigh gl W k(reflection)o] ™,
A'E A9 % (complement)elth. AT tHe3} Zol
7 ol gt}

A= {a+b:a€A} (16)
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00 02 04 08 08 10 12 14 18 18 20
Radius

(b)

Fig. 9. Parameterization of straight line. (a) Cartesian coordinates in original plane, (b) polar coordinates (r, 8) in

hough plane.



Disctetization of parametric space

T

Constitetion of parameter matfix
P(a, b), where a;<a<ay, b,<b<by

3

Search for every pixel (x;, y;) with 1
in binary image

4

Constitution of a fine, b = -a x{ +y;,
corresponding to pixel coordinates (x;, ¥y

T

Caicnlation of parameter b about every J

parameter a: P(ab) = Plab) + |

Search for all
pixels?

‘V Delinition of 2 Yine M Plad) 2 Thrcshoﬂ

Fig. 10. Procedure for Hough transformation.

dloj2r) obd RRE EAR o2 AANY & dor, T

Aslo] Yt ARSE Agsha, 7 AdellA el Eallo]

2 ARG 2238 5 glvh W ARl S8 FE

5L A7) wiFoll skeleton 71'H& olEato] Al

A 3k(thinning)X 8] & sof dte}. Al43HE AT vhtdt

7lyla) 9l o1l B adFol A Zhang-Suen skeleton 71
& AH£3 4 thRister® Wilson, 1996).

33 HE HE

B Aol A meke F 7hA) BT HEHE
g7 g He Edlo)lAE XS BET(336X
358)9F (266X 226)Q] 241 E Z+el 3t (image)S TH
a4 ehFig. 12).
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2 71 e HEHUY. A, AR Hel B
allolo} w7 o] FE-& wakalr] Slste] Apd MY o
Aol Byl & (contrast enhancementys AE5A
h(Fig. 13).

= Jbx B3 el AnE - H R ., o
R o g ALHE oAl HE 712l Sobel oA HE

EY7 FogFE 85

12345687 0123458
? T ?
2 N 2
: H
5 o 5
8 o 6§
4 7
1 0 -3 101
- Dilation -t Erosion
0] IX g X
-1 -
Q123456 012345867
0 o[ 11
i 1
5 5
4 4]
5 5
8 &
7 7
‘-10-1 1-04
oFix Erosion ol 1% Dilation
[T -1
01234567 01234567
oI 1111 0
2 2
; :
e :
8 6
NN EREREN! FARAN

Fig. 11. Concepts of dilation and erosion. (a) A dilation
-erosion scheme, (b) an erosion-dilation scheme.

717 Prewitt Al AE IS Y YAl A8
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o Hy Edlolart B 48 4 Fig. 13 A%
Prewitt oA 7E 71" K.tk Sobel oA HE71H ol
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wesl Wy Eaolsvt B2 9 3 Fig. 13(h)9
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2A) vepdeh

Fig. 16& T4 g =3kl disted Canny oAl 3
Z 719S A% A9 PR Sobel ollX] HE 7Y
o} Prewitt oA 7% 7o 4@ o9 Fol 1749
342l oA E HEFc) ool digt AGH AL 2
2 E 8 )R 339 AAE <JE 5 vk Canny o
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(a) (b)
Fig. 12. Original images. (a) (336<358) pixels, 24bit colors, and (b) (266<226) pixels, 24 bit colors

Fig. 14. Sobel edge detector outputs.
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Fig. 16. Binary output images of Canny edge detector. (a) 6=0.9, L=0.45, H=0.90, (b) =20, L=0.5 H=0.38.
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3l tHFig. 18).

A4 3% 71 Hough W3t 7P & ofgslod A
g Edlo|£E fAets e dAE F25% ) Fig. 19).
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3ol el 2 Al Edlolae Fsiehe - (dEA)
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o Z13 Mol A 837 wllFoll, AES YAzt A S E3l
ojF18Hto 2 wgksi: #go] ¢me|E ol Waks]o|
oiet.
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(b)

Fig. 17. Binary output images of dilation and erosion operator on Canny edge detector output images. (a) 5x5

mask, (b) 5x<5 mask.
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Fig. 18. Binary output images by Zhang-Suen skeletonizing transform of output images of Fig. 17.
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(a) (b)

Fig. 19. Binary output images of Hough transform. (a) Gradient threshold = 14, Line threshold = 70, Hough
threshold = 158, (b) Gradient threshold = 20, Line threshold = 40, Hough threshold = 180.

(a) (b)

Fig. 20. Binary output images of dilation and erosion operator on Hough transform output images. (a) 5 X5 mask,
(b) 33 mask.
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Fig. 21. Binary output images by Zhang-Suen skeletonizing transform of output images of Fig. 20.
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