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A photogrammetric camera system and a software have been built for capturing planned stereo images. To
evaluate the system, 25 planar data from a constructed rock slope were measured using both geological com-
pass and photo system. Comparison of the data groups from both system showed matching relationship that
falls within the error range of 5.25+4.53 in strike and 3.18+3.17 in dip angles, when the 2 standard deviation er-
ror distributions were considered. To evaluate the errors of the photo matching and non planarity of the sur-
face, orientations of the same plane were repeatedly measured 20 times. These measurements showed error
ranges of 8.2+3.4 in strike and 6.6+3.4 in dip angle, considering the same error distributions.

Measured strikes and dips were compared with the corresponding compass measurements in 5 constructed
slopes to test the system. Stereonet plots showed that the photo system measured data coincided well with the
compass measurements. With these evaluations, the photo system can measure the planar structure in in-
accessible locations with reliable accuracy at the same time reducing the data gathering period therefore result-
ing to an efficient geological survey.

* Corresponding author : sghmap@pcu.ac kr
201



202 A7)

Key words: remote measurement, photogrammetry, strike/ dip, slope survey, geo-information

M E

ko] AAH AMHFAAM = AT AAZRAE 7
g 4 vk §3) A BHd o A= gk AT
z71 A AF 2 FARSFAYANAN F8F 29
ojty, YO y|&9 FRAFARA HFAHAME
SAB/Z & 72} ZAE AH2E o] 83
Aol +& olF gk 1 FEFE AT AL A=
A9 587k F7hsT glom Pl B2 el
Z3tuio] AR H240) ofele ¥ ohle e
Azbol AAZAE FBok e 5, AAEAE
A2 A2 Fo) ANE 73T Yk 55 B Y
Ao} B AA2AE a3t BEY BS
A w28 ATEE 4402 ZHY 5 gt
welo] 8 751 9t

AAF2E 4402 2R84 1x ke AEe 3A
AR ETFE o] &3te WH(FEER 5, 1983 337144
A E 20000 #4371, 2001: Hwang, 2001: Kemeny
and Post, 2003: Manh and Hwang, 2004: Gaich et al,
2004)3% gl o)A 2A LU & o] 43l W (0] 43, 2005)
OS2 BEE T Y. 7 39 oty AW S
3ado g nd 3o, 29 Bd&H s &3
e Ae Y2 3 TAY A 3R &F
71E o] &3l GAMH| Wi vlmA U3k 2l
& 7Y F 9oy dA FUdAE de AEEe
7oty 28y S3717F a7t ojolx YnlEE )
ojFrie EAVE AT AAY A= 1UE FE9
AAANAE =371 AR G434 B R ZET
dow PHat 7129 ANEF FHS S99
(B2 %94, 2003) ol - AL 33k FEE E
S & oM 1 A ) BAE gloy %4 A
Zho} s/w7t 271l oEl S 23 o HEAHQ
A& Al g oldlstdof dh= T EAE 2
T 9t 2HEE EgaHo Y 22 AEHY &
F71718 <18 BF2Y FAE ARHL oy
(Linkwitz, 1963: Rengers, 1967: Feng et al, 2001), o]
A g FAo] BEFsT A BEE 2 ot
olFE A HAe s, HZ dA™E/CCD 7

g o] &3 A& Y55 o] & Ao E AT E

g e Alzad Ado) 2ihs] aE 1 9ot
(Ed71¢ A E, 2000: #4471, 2001: Hwang, 2001:
Manh and Hwang, 2004: Gaich et al, 2004).

AEst A2l Al 34 MR & UA
g Qe A57 IR E A% ¢ngs AL
of Aot AR A& AL A 1H =
o g9 Fhdetst ALE T gl 2t Aol
4 70z g 22y 249 A& A FEH
A Bofe] Hug L H T EFE T BE Ao A
28 & e g o] AN Zatx gt o]
HE AEAJA AEE BF A QEE ol &t &
B33t BdS 7] A A8 E, mm G99
eAE 3 AFEolth AATZRY ZAAE
Ao Fejrt g Feo] ofyn], IutHOZ AL
He FEedHe 24 9A 10s W9 LaE 3
LEE AS AU w¢ AL Lugse] 9o
Z A E ¥ B AT YAARE o] &3ke g
At o] g A ATz ZHo| AEH 22 H L3}
As AL Ass A2 0 HeAdE 2%

& 520 3t}

T AAAL S o] &3t 31 HEE g5 €
2l Figld 2o 5 94 A7 D9 P4 28 9
A gl o3 5RO e HA7}
Fig1d} 2] B¢ FAE 21 90 & A5, A &
4 Pt1o) ¥ 94l Z7) P P, QAo ESEHAS
A Mg $& AP B9 PE AS0E
&4 A EE A4 E PrPrOE 7l e 29 A
o & AE QA% A Y O-OrPud B2 ol gh=
Aol A A FAare A P 39 X E A1 2
o] AETHEA7]; 2001). THEZ F GAo) EA)
te ABAEY Y AAE 94 s U
ok 9led AFe 334 #HF7 AN Aotk
A5t A2EY BAE F GAolA o) e AT
A (matching point)& F3A g &g ES o83t
Ao 2 Frolok als Aol

w of (]



YAALE o8&

LAY B7=2 &4 203

P, (x2.y2.1)

0,(D.0.0)

Megduring Plane

Pt(X. Y. 2)

Fig. 1. Schematic diagram for the stereoscopic image analyses.
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Table 1. Various calculation methods of the correlation coefficients.
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Fig. 2. Camera settings.

A. Equipments developed in this study.

B. Camera setting for capturing stereo image of the rock surface.
C. Camera setting for capturing stereo image of the other camera.
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Fig. 4. Comparison between the compass and photo measurements. Data are plotted at the measured positions.
The data with asterisk at the end are compass measurements and those without it are the photo
measurements. Note that some photo measurements are made at the inaccessible locations.

Compass measurement (25 data points)

-

Photo Measurements (30 data points)

Fig. 5. Stereonet plots for compass and photo data measured at the test slope in Fig. 4. Average values of dip/dip direc-

tions are plotted for the photo measurements.
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Table 2. Summary of the measurements of the data in fig. 4. For the photo measurements, dip/dip directions are
repeatedly measured 20 times for the same plane to see the variation of the measurements by calcu-

lation and matching errors. The error ranges are given by 2 standard deviation values.

Difference between
Compass measurement Photo Measurements compass and photo
measurements
Dip | Dip Direction Dip Dip direction Dip Dip direction
1 68 23 734+ 482 16.8 +£10.90 54 6.2
2 70 162 736820 168.8 £9.32 36 6.8
3 83 192 85.6 + 6.87 198.4 £ 6.87 26 6.4
4 59 24 632 +5.73 294 +8.07 42 54
5 62 264 6224727 267.6 £832 0.2 3.6
6 68 2 728 +5.18 15+8.25 48 7
7 67 28 736+ 642 326 +5.59 6.6 4.6
8 6l 279 6321740 271.6 + 610 22 74
9 62 271 64.6 +5.22 2734 +11.80 26 24
10 70 10 724 +6.72 17.8 £6.69 24 7.8
11 6l - 272 62.6 + 6.10 2712+11.52 1.6 038
12 79 160 784 +7.56 168.8 £ 8.53 0.6 88
13 79 160 802 +817 169.2£9.10 12 92
14 45 290 496 £415 291.8+7.13 46 18
15 64 264 66.6 +10.92 266.6 + 5.02 26 26
16 78 168 814 +4.82 172.6 + 8.90 34 46
17 64 264 66.6 +6.87 268.6 +7.69 26 46
18 67 22 7121573 18.8 +7.40 42 32
19 &4 255 67.2+9.32 2594 £9.76 32 44
20 68 254 716 +5.22 257.2 +10.04 36 32
21 76 246 80.8 £5.55 251.8+7.27 4.8 58
2 72 258 75.8 +8.76 263 +7.21 3.8
23 68 256 71.6 +7.56 263 +6.78 36
24 68 264 726 £3.90 268 + 8.00 46
25 78 26 78.6 +7.16 174 +7.95 0.6 8.6
Average 318 5.25
2 Standard Deviation 317 453
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Fig. 6. Examples from 5 different constructed slopes. For each slope, orientation of fractures are measured by clin-
ometer and photo system, and the measurements are plotted in the stereonet for comparison. Number of
measurements in each slope are given at the left side of the diagrams.
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ror are defined by the equation within the diagram.
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