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A New Algorithm for the Interpretation of Joint Orientation Using Multistage
Convergent Photographing Technique

Jaedong Kim and Jong-Hoon Kim

Abstract When the orientations of joints are measured on a rock exposure, there are frequent cases that are difficult
to approach by the surveyor to the target joints or to set up scanlines on the slope. In this study, to complement
such limit and weak points, a new algorithm was developed to interpret joint orientation from analyzing the images
of rock slope. As a method of arranging the multiple images of a rock slope, the multistage convergent photographing
system was introduced to overcome the limitation of photographing direction which existing method such as parallel
stereophotogrammietric system has and to cover the range of image measurement, which is the overlapping area
between the image pair, to a maximum extent. To determine camera parameters in the perspective projection equation
that are the main elements of the analysis method, a new method was developed introducing three ground control
points and single ground guide point. This method could be considered to be very simple compared with other
existing methods using a number of ground control points and complicated analysis process. So the global coordinates
of a specific point on a rock slope could be analyzed with this new method. The orientation of a joint could be
calculated using the normal vector of the joint surface which can be derived from the global coordinates of several
points on the joint surface analyzed from the images.
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Fig. 4. Determination of x
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Table 1. Comparison of parameters that used geometrical verification

Step 1 Step 2 Difference
Parameter X . :
Left Right Left Right Left Right
2000, -2000.432, 0.432,
G 4500, 4501.152, 1152,
1800 1800.403 0.403
Control point 100, 100.000, 0.000,
o, G 5000, 4999.998, 0.002,
2000 1999.993 0.007
1800, 1800.848, 0.848,
G 4800, 4801.811, 1.811,
1500 1500.777 0.777
_ 111.595 109.242 111.595 109.242 0.000 0.000
Rotation angle -22.136 16.848 -22.136 16.848 0.000 0.000
© 0.000 0.000 -0.002 0.005 0.002 0.005
Perspective center -2000.0, 1800.0, 2000281, | 1800.521, 0.281 0.521
() P 200.0, -300.0, 199.355, | -301.624, 0.645 1.624
100.0 150.0 99.745 149.433 0.255 0.567
Focal length (mm) | f 11.000 11.000 11.003 11.004 0.003 0.004
Ground guide point -1057.983, 930.489,
() G 2353.181, | 2410.829,
952.301 1096.233
Length bitr::; PandG) o 2500 3000 2500.748 3001.798 0.748 1.798
image coordinate of [ -4.475, -0.005 | -3.998, -0.044
control point (mm) | ¢; | 3.865, 0.605| 4914, 0.755
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