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Rock Joint Survey System by image Processing and Stereophotogrammetry

Dong-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.
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Fig. 1. Comparison between conventional photoanaly sis

and digital image process for joint trace extrac-
tion.
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shaded surfaces are photographed in both pic-
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Fig. 3. Coordinate determination according to the stereophotogrammetric normal case.

line)¢] ZAeo]oj™, p=x/-x"Z2A %A 2(horizontal
parallax)®] =},

AA 49 A Pe x ek AX, x, 2 vpAsA
2 479 P0,0,0% 44% PP P BEE 4EE

o) g% b 4 2+ ek

A ol g3kl A s A2 e st ek
CBy, _ x{
= -CB(1+p) 3)

A 384 A Pel y BE FHEE 5] AsiA
OP OP/& 3 o2 3t xz HHloll T4 442
o HES ol & 7 Sk BHIERY y Iy, 2
7 5 gl

_z;y; _CB-y!

Y= < - P 4)
_ lei' _CB -y7

y2= C —‘_p %)

A 3R TS AEE
GeshollA 7|22 o] g3 §
T A2E & Yk SpAIRE Al SN F A
Z(vertical parallax)”t S A ==dl, ol= FH o}
aL ik &, Zddt
g9 LH«] TE S EHFP 2] A ZH(vertical parallax)

47} 1% AR
= w2y e

7 leks AL 2Yage] SukA S SS ou)
sop, mE ToHE 2ol 2% o A4 B4 2t of
Ueh Fehilol et BATSEE i Zesth 233,

5 7t 714 Zol(CB), 7z} 3(C), TBAIZHp)
9] 237} FE A4, 53] z #HE 9 Alibghell $lo] of
=y vl Bl=rkE AREE 2E L3l glo] 2
3 RLEo)r}(Hallert, 1960; Hagan, 1980).

7he|g} 714 Zo)(CB), Fhellgl A4 (C), e L 3
APy &3& 77 dCB, dC, dpE stAF A9
ool 218 FH3la n]EE & ZX|ofl gk £31
g 4 ek

mlm

dz _dCB dCQp 6)
z CB C p

z X AAZEY] o3}l 7R & u|ES AR EE Al

22k o) ASLE stebey) Y8 o B 7t
$5¢ BeaA T e 2

dCB _ C-dCB

dzcg = L CB P @)
-dC _CB-dC

dzc = LC— == (8)

d7,=_29p_ zdp ©
P P CB-C

Fholle} 7148 203 dCBS ez} 4e] EHL
3} dCE Alo] F5d 2Rel] Wl Aat 2y
29 ¢ 0 W, 5% AR 23 dp Lol vl



332

3to] dzoll F&E vIA7] sl 7P & 241 9
o] Frt}.

3 Azte] 22 dpe E ANe] 3 Aol o8l
§8hct 2 W& 9HEk(interior orinetation) > and 2]

= . . RN - -
B ubsk(exterior orientation)” 7, BdlE, B2 &
o
=

>

= A
g 7 Ytk

3t At ol8ate Agel AlFLA " (systema-
tic error)?] WiA] Y2 b3} 22 QIAkEo] et

Oh) Folieh A)zsle] A% - alze) H2, shile} wh)
) B} Alzmle) A3 - @z A st )

) 2E 9 ARAY 42 9 B

@ A AolAel 2R BT ABLA - A F
Qe AH FE AR Aol 2 AR B

(=h) 7Hle} Aol ARAAR ) AR 2A 27

A(6)9) 2R WANE FolA Fhelle} 7|49 Ay =
A%tz HES AT A 2 4P WAL T F
gleh. ek, 29) 4ehE ABES 7] 4u] (base ratio),
blz AolSl WA E TG oz 03 AolE AT R
WA Ak 402 hew ol AT+ Yrh

dz _ _zdp
z CB-C (19)

A7 A, dz/ 2= A A B 23 elw, z/CBE 7]A4lH|
(base ratio)9] golH, dp/Ce 7hdlel F79 &4
wAlol| ola A== Folr).

34 7hest At AE exie] Hdix|e} sele} FF
g 23wkl A4l dp/CE AR, 24 FE 7
A ZAolE AAE + Yot

2.2. 7|2} AlAH

VAN ZTE ol S3to] it A 52 ArHol
A e BB 57 As) UG oo 22w
& A A B zA A el Asmg 23
71 1% A ripod), YA AL AT 7hi 7]
A%, 7913 B7e Af2o) 2T F U iz}
222 P4 A CHFg. 4).

23 &4 2AY ¥ 29 AY
Fig. & AN ZRE we) ZAsh ZAEee

Fig. 4. Camera system.

F371 A8 A S HolFZrl, v 72N 221
74218 - A € (average depth)ol®], CB:= 7lle} 7]
4l Z o](camera base length)olct. x. & y, & Z+7F j¥
= FJmAe] s Y| x xS} y Tt o9 F
2 YYAE R A AHE YRR S o] 2ol
71&zslo] e 33 HEE dg ¢ gon, o|ZH
Bl Gy AE Ao Sk A& Fol7] Y3l
dubd o 3t HH o o7l ol A& XAl A4t
3 X gl sl HHUAA Y WA WEE 7
gt}

(b F HAA A 2] (average depth)

(th 23 A e (focal length)

(th Fhulg}l 714 7l o] (camera base length)

(@h 7hl g} ¥hek(direction of camera base)

YRAZTE ol &3 A7) W 330 BEAS
A7) Sl = A Sapsisieh. B GFely
g AT Ao, 74 chile) Hollt dlo]
A 2271 ol 4ol S0mm Al AR ¥ech
(Fig. 6). 2\ =2okag ol &alo] W3 34T kS
FEHE 7 e AR AP HATHTable 1),

29 A8E 5ol 2 exjel WAt o+s AEE
HlEd 2 YA RO ek 93 e 24
AFE AT LAl ZdsE Aoz B} weiA,
2RE Fol7] AT WFoZE Fulg ol A =



START

Input parameters :
u, CB, direction of x-axis
v

Acquisition of image coordinate
pairs of points :
(15 Y (8jis Gi)s ooes (K5 Y3850 1)

!

Calculation of parallax P = x; - 5

!

Calculation of 3-D coordinates

Z;=CB*C/P
Xj=CB*x;/P
Y;=CB*y;/P

'

Definition of the i plane by i points

'

Computation of dip and dip
direction of the ! plane

!

Error analysis

4
END

Fig. 5. Procedure for the determination of orientations
of joints.
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Fig. 6. Model planes for model tests.

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

No. of . . Calculated | Manual | Relative
Orientation ° ° 0
plane () () errors( )
Dip 758 71 4.8
Plane 1 -
Dip direction| 147.7 148 -0.3
Dip 57.6 59 -14
Plane 1I
Dip direction| 164.9 165 -0.1
Dip 88.2 90 -1.8
Plane IIT
Dip direction| 173.2 170 32
Dip 61.3 57 4.3
Plane 1V —
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( ®) Manual(’)
: Dip 80.0 78~85
Plane 1 o
Dip direction 522 51~59
Dip 743 65~175
Plane 2 . .
Dip direction 50.8* 52~60
Dip 75.6 72~78
Plane 3 o
Dip direction 50 48~54
Dip 19.4* 20~25
Plane 4 o
Dip direction 236.5 235~252
Dip 88.7* 84~88
Plane 5 o
Dip direction 226 224~229
Dip 2715 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( %) Manual( %)
Dip 79.7 80~ 84
Plane 1 o
Dip direction 544 52~58
Dip 65.5 64~ 68
Plane 2 o
Dip direction 38.2% 34~37
Dip 41.1 35~42
Plane 3 o
Dip direction 350.9 348~354
Dip 87.6 86~ 88
Plane 4 o
Dip direction 146.3 140~ 147
Dip 88.7 86~89
Plane 5 o
Dip direction 136.7 135~145
Dip 85.4 84~88
Plane 6 o
Dip direction 3056 307~312

* Calculated value out of the range of the manual value.
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Table 4. Various kernel masks for local edge detector

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

Mask (3X3) .
Characteristics
H H,
0]-1 -1{0|0 °
Roberts [[0 [ 1]0([[o]1]0 small kemel mask
@ sensitive to noise
0{0 0|0
Lol ] o i 0 horisontl
i sensitive to horizon
Prewitt 110]-1 0]10(0 and vertical edge
1]0]-1 0
0-11{]-1{-2]-1| | @ insensitive to noise
Sobel 210(-21[|0]0|0]||® sensitive to diagonal
1olalll1]2] edge




Table 5. Various 2nd order differential operator for edge
detector.

Operator Mathematical form Characteristics
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Preprocess :
Noise reduction
Contrast enhancement

Edge extraction
by Canny edge detector

(a)L | (b)

Dilation and erosion

Linearment extraction
by Hough transformation

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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Blurring by Gaussian convolution
for noise reduction

¥

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

v

Calculation of magnitude of gradient

v

Thresholding for binary image

-

Thinning for edge
with one pixel in width

Fig. 8. Procedure for Canny edge detection.

— /NI +N3<r<, /N2+ N3 (12)

-90°=0<90° (13)
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e
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(b)

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

hough plane.



Discretization of parametric space

v

Constitution of parameter matrix
P(a, b), where a;<a<ay, by<b<by

!

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

!

Constitution of a line, b = -a x; +y;,
corresponding to pixel coordinates (x;, y;)

!

Calculation of parameter b about every
parameter a: P(a,b) = P(a,b) + 1

Search for all
pixels?

Definition of a line if P(a,b) > Threshold

Fig. 10. Procedure for Hough transformation.
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Fig. 11. Concepts of dilation and erosion. (a) A dilation
-erosion scheme, (b) an erosion-dilation
scheme.
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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) 6=2.0, L=0.5 H=0.8.
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(b)

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

mask, (b) 5%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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\ M N

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.
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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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