Bun} x)shEgt sErerabEars)x| TUNNEL & UNDERGROUND SPACE, Vol. 13, No. 5, 2003, pp. 373-388
A13A ASS, 20034 104, pp. 373~388 Journal of Korean Society for Rock Mechanics

AL X2|§ 0|8%H YA He| HAe| =N
ol5M", AmE?* A=

Rock Joint Trace Detection Using Image Processing Technique

Hyo-Seg Lee, Jaedong Kim and Dong-Hyun Kim

Abstract The investigation on the rock discontinuity geometry has been usually undergone by direct measurement
on the rock exposures. But this sort of field work has disadvantages, which are, for example, restriction of surveying
areas and consuming excessive times and labors. To cover these kinds of disadvantages, image processing could
be regarded as an alternative way, with additional advantages such as automatic and objective tools when used
under adequate computerized algorithm. This study was focused on the recognition of the rock discontinuities
captured in the image of rock exposure by digital camera and the production of the discontinuity map automatically.
The whole process was written using macro commands builtin image analyzer, ImagePro Plus. ver. 4.1(Media
Cybernetic). The procedure of image processing developed in this research could be divided with three steps, which
are enhancement, recognition and extraction of discontinuity traces from the digital image. Enhancement contains
combining and applying several filters to remove and relieve various types of noises from the image of rock surface.
For the next step, recognition of discontinuity traces was executed. It used local topographic features characterized
by the differences of gray scales between discontinuity and rock. Such segments of discontinuity traces extracted
from the image were reformulated using an algorithm of computer decision-making criteria and linked to form
complete discontinuity traces. To verify the image processing algorithms and their sequences developed in this
research, discontinuity traces digitally photographed on the rock slope were analyzed. The result showed about 75~
80% of discontinuities could be detected. It is thought to be necessary that the algorithms and computer codes
developed in this research need to be advanced further especially in combining digital filters to produce images
to be more acceptable for extraction of discontinuity traces and setting seed pixels automatically when linking trace
segments to make a complete discontinuity trace.
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Fig. 1. Representation digital image by pixel bitmap.
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Image acquisition

+ Digital camera
- Model : Polaroid PDC-2000
- Resolution :1600 X 1200 pixel

R

Processing

+ Image Analyzer
- Media Cybernetic ImagePro Plus. Ver 4.1
- Contained image processing filter and solution

+ PC system

- Cpu : Pentinum III  700Mhz

- Graphic card memory : 32MB

1

Discontinuity trace map

- Programming coded with Image Analyzer

Fig. 2. Equipments used according to the procedure of
digital image processing.
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Fig. 3. Flow chart of overall image processing.
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Fig. 4. An example of the effect after applying 3x3 gaussian filter.
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Fig. 8. Topographic feature of joint trace based on image brightness.
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Fig. 12. Four directions in gradient calculation.
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Fig. 14. Assignment of topographic features- the case in
which Py is a ravine.
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(a) Enhancement image

Fig. 15. Ravine pixel labelling.
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Fig. 16. A flow chart of joint trace extraction.
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(c) After applying median filter

Fig. 17. Filtering for joint trace extraction.
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Fig. 18. 3x3 mask used to verify the connectivity of black
pixels.
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(a) Thinning image

Fig. 19. Ravine line segment formation.
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Fig. 20. Search of next ravine line segment (increase mask
5x5, 7x7, 9x9,- - -. end pixels are labelled A—~D).

(b) Ravine line segment image

back tracking angleo]r, Z} Z7o] WEE ¢ HX
2 R 47 &aelS(digital differential analyzer)
o 23 = A Ha) 4 FAEL AZH) ot
grol &AL Fig. 213} Zth
--];'7—|—4 AL BAGE 7ML a4 #A Bt AL
FAEHE, 2 08 ARRtes 717_4 T“v_;ﬁ% Hojch
Back tracking angleo]A] 6,2 HP= A WA seed

(c) Back tracking angle( &), 8y, &3)

Fig. 21. Determination of direction criteria.
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(a) Back tracking angle ( 8,) (b) Repositioning of labels & Backtracking angle ( §,)

Fig. 22. Back tracking angle.
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Fig. 23. Overall sequence of image processing.
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Fig. 24. Original image captured by digital camera (1600x1000 pixels, gray scale).

Fig. 25. Discontinuity trace map obtained after joint trace detection procedure.
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