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Study on Applicability of Stereophotogrammetry to Rock Joint Survey

Jeong-Hun Han and Jae-Joon Song

Abstract Stereophotogrammetry is a method to extract information of an interested area by constructing a
stereo-image from two or more photos. In this study, the stereophotogrammetry was adopted to obtain the joint
orientation and trace length from a sampling window and its measurements were compared with the result by a
clinocompass and measuring tape to evaluate the applicability of the stereophotogrammetry to rock joint survey.
A commercial stereophotogrammetry program, ShapeMetriX 3D, was used for this purpose. Firstly, the accuracy
of the measuring method using ShpaeMetrix 3D was evaluated by a model test. Secondly, joint orientations on
a rock slope and tunnel were obtained by using ShapeMetriX 3D and compared with the measurement by a
clinocompass. Finally, the effect of base-depth ratio in photographing was evaluated by comparing images with
various base-depth ratios, and the usefulness of closed-up photographing on a rock exposure to increase the
measurement accuracy was tested. The dip and dip direction of each model plane obtained by ShapeMetriX 3D
showed an error ranged between -5° and 5° on the basis of the results by the measuring tape. Base-depth ratio
proved not to influence the analysis result by ShapeMetriX 3D if all the images were taken without any hidden
area. The close-up photographing turned out useful to obtain the detailed images and therefore precise result when
ShapeMetriX 3D was adopted.

Key words Stereophotogramimetry, Rock joint survey, Base-depth ratio, Close-up photographing
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Table 1. Specification of Nikon D200

Type of Camera
Effective Pixels

Single-lens reflex digital camera
10.2 million
RGB CCD, 23.6x15.8 mm,
total pixels: 10.92 million
3,872x2,592[L], 2,896x1,944 [M],
1,936x1,296 [S]
30 to 1/8,000 sec. in steps of 1/3, 1/2
The equivalent in 35 mm format is
approx. 1.5 times lens focal length.

Image Sensor

Image Size
(pixels)
Shutter Speed

Picture Angle

Table 2. Specification of Nikon AF-S DX 18-70 mm
(f/3.5-4.5G IF-ED)

Focal Length 18-70 mm
F-Number 3.5-4.5
Maximum Aperture 1/3.5-4.5
Minimum Aperture /22-36

Picture Angle 76°-22°50"
Minimum Focus Range 038 m

Maximum Reproduction Ratio 1/6.2 (0.16)
Filter Attachment Size 67 mm

® |5 elements in 13 groups
® Three ED glass elements
® One aspherical lens element

Lens Construction
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(a) A sketch of test model (b) A photo of test model

Fig. 2. Front view of the test model

Table 3. Dip and dip direction of the model planes measured by using a clinocompass (mean value of 10 measurements)

No. of Plane [ I Il v v 4 VII
Dip Direction (°) 111 128 205 132 32 92 271
Dip (°) 71 58 51 90 90 58 45
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Table 6. Dip and dip direction of the model planes
determined by ShapeMetriX 3D

No. of Plane| 1 i m v | v |VI| VI
Dip
Direction (°)
Dip (°) 6925381473 {85.2]852)554) 449

109.5|131.7{200.3 {130.9| 26.1 | 88.6 | 268.2

Table 7. Comparison of dip direction determined by 4 kinds
of methods (unit: degree)

Measurement/relative error (based on mesuring tape)

No. of Plane | Dip Direction | Dip Standard
©) ©) Deviation Measuring tape| PhotoModeler | Clinocompass SMX
I 109.8 713 +3.14x10™ 109.8/0 110.5/-0.7 111/-12 109.5/0.3
1 127.1 58.9 +6.25x10™ 127.1/0 127.1/0 128/-09 | 131.7/-4.6
1) 203.3 475 +3.62x10™ 203.3/0 204.0/-0.7 205/-1.7 200.3/3
v 130 89.9 +7.87x10" 130/0 131.5/-1.5 132/-2 130.9/-0.9
\Y 30 89.9 +4.68x10" 30/0 32.5/-2.5 32/-2 26.1/3.9
Vi 89.9 59.9 £3.22x10°% 89.9/0 90.3/-0.4 92/2.1 88.6/1.3
\%1 269.9 449 +4.71x10™% 269.9/0 271.3/-1.4 271/-1.1 | 268.2/1.7

Table 5. Dip and dip direction of the model planes
determined from 3D coordinates by PhotoModeler Pro 5.0

Table 8. Comparison of dip determined by 4 kinds of
methods (unit: degree)

No. of Plane | Dip irection Dip Standard Measurement/relative error (based on mesuring tape)
©) ©) Deviation Measuring tape{ PhotoModeler | Clinocompass SMX
p

I 110.5 718 +8.40x10°* 71.3/0 71.8/-0.5 71/0.3 69.2/2.1

1 127.1 59.6 +5.46x10°" 58.9/0 59.6/-0.7 58/0.9 53.8/5.1

111 204.0 479 +2.05%10% 47.5/0 479/-0.4 51/-3.5 473/02

v 131.5 89.8 £6.79x10°" 89.9/0 89.8/0.1 90/-0.1 85.2/4.7

A 32.5 89.7 £5.58x10°% 89.9/0 89.7/0.2 90/-0.1 85.2/4.7

VI 90.3 59.6 +£1.83x10°% 59.9/0 59.6/0.3 58/1.9 55.4/4.5

Vil 271.3 44.5 +8.94x 10 44.9/0 44.5/0.4 45/-0.1 44.9/0
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Fig. 13. 3D image analyzed by ShapeMetriX 3D - Case 2 (The image size is approximately 2 mx2 m)
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