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Optimization of Field Application Conditions of the Multistage Convergent
Photographing Technique for the Measurement of Joint Orientation on Rock Slope

Jong-Hoon Kim and Jaedong Kim

Abstract One set of hardware system of guide point method (GP method), modified from the multistage convergent
photographing technique, was developed to interpret the geometrical characteristics of joints photogrammetrically
on rock slope. Before the field application of the hardware system, the level of errors and constraints that can
be acceptable in the field measurement has been severely investigated in the laboratory and the optimum
photographing scheme was analyzed. The range of the most suitable convergence angle between two cameras was
25°~150° and the photographing distance was about 5.5 m when using a 2 M pixel digital camera. An extended
analyzing technique, which was newly developed in this study, was applied to the field measurement to magnify
the benefits of GP method. This technique can be applied when survey for the wide range of rock surface is
necessary. The global coordinates of ground control points for the neighbor photographing area can be introduced
without any preparation from the previous photographed area using this technique. It could reduce phographing
time in the field.

Key words Joint, Rock Slope, Multistage Convergent Photographing Technique, Photogrammetry, GP method
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Fig. 1. Photographing layout of GP method

Fig. 2. Polaroid PDC-2000 digital camera
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Table 1. Specifications of Polaroid PDC-2000 digital camera

Sensor resolution

Polaroid 1 million pixel CCD

resolution 1600x1200 pixel, 24-bit color (16.7 million colors), 5.6 MB file
Computer interface SCSI-2
Lens 11 mm (equivalent to 38 mm optical lens) 172.8 glass

Focus range

26 cm to infinity

ISO rating

100

Shutter speed

1/25 to 1/500 second

Aperture

/2.8 to f/11

Electronic flash

Internal, 4.6 m maximum range

Recycle time 12 second with flash, 7 second without flash
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Fig. 3. Camera controller mounted on the tripod.
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Fig. 5. A view of assembled hardware system mounted on
the tripod
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Table 2. Calculated maximum photographing distance according to the tolerance

f=11mm, q=0.7, k=1, CCD resolution=6.m/pixel

Tolerance Maximum photographing
Calculation of global coordinate Orientation Measurement of image coordinate distance
(mm) ) (pixel) (m)
5 dip direction +1.2 3 4.365
dip angle  £1.2 5 2.619
£10 dip direction £2.2 3 8.730
dip angle  +2.4 5 5.238
A2 ANGHE BE VIEMN0] 2 AR Welel 1) efsiglon] 89 AN BHS B ARBYEAL
2 AR Ans ‘ﬂli’ A RF AlelA 58 E%B} A& ‘i‘i‘?}. FYgae 2gAe e W), 2
Il

VO
Pt St QApRks

% AREEE 4 Sle. S}
29 Mo 120 eS ARG B, AN
ol B4 24 0248 3~5 YR st B

QA= oF £10 mm=E UERstc o3t QA RF oA
£ JEE 2219 RM.S.= 10 mm 43209k o}
e HRAATE B AN 518 23 229 B1)
2 2o 921] RMS.Z 10 mma La:]a}oq oA}
sl (Dol el Hof ZFAE= gA Eg )
3 29 el A 8730 moliL, S JA*A%_‘ Aor
5.238 m= UERdTE ofuf, A = 11 mm, 47
A4 gi= ekl A7 wigdol ek kel 0.7
BFQLC.m[Fraser, 1984], #9314 7 YA 1
3|2 7Hslnt. o|ZRE Foquige] Ao lolA
A= 5.238~8.730 mZ AkEc) o9} 7o vt
Hog 58 exjof mpE A ZgAue] B4 daf=
Table 29} Zth

Pl ST ) el M)

)

AEEE AETIEE 78-F 20001 H 4 uf
La7F 2 4 YJOER o] ZHQ £k W=
YRAEZLS AR F$ F) 60001 Uuk AEEE
AR B9 FT 400 =R AT 4= Qlok Fua
ARk YA RkE atefslel AREE] Bt
AR WE B W X7t 23hwjolof gt

5“’*13-4 hﬂﬁh $HZko] Wsjo} ooz Ahym
i o A= FgAele Helel £=Hzte] Wals U}
ofFs}aLA} ‘3}%} A Ay mde Fig. 83 7t

Fig. 8ojlA] Aaje] Hx|4-2- vHo| 223} vhaje}
Z(YE SOKKIAAL RS30N)C.Z AA T EFES
ol-gsto] ALt e] AH-g At Flg 8] (a),
)2 (), (d)= 42 F 712 wdo] st =8 9%
GApole, 87t 9o} @2 B 36°, (2 (@
60°2%1 ASE gEAos yepd etk oy 99
Z3tollA] GPyol 23| BH*dﬂ SRR AR A=
ﬂiﬁlOﬂ o3 EAE T P vjaE Ak

#Zg7elo] w2 éﬂﬂ‘l‘ Wk ARy Azte) xpo)E2

Fig. 99} gt} HgAele] M= A= st 2fo]
£ ojujgict. iR deojxo] Ao EAME u,
9§ GAelA ] YRS ohsh= WAA ZAE
o] g2 Ha &4 e FU= o 4= 9]
g Eojt}. BAZMo e o]} o] AT 2.75 m
oA 5.5 mol vlte] HeW Uk A Axkajolst ot
& 27 yehgour Aoz 1.2° olgke] FEE Ut
et AuRgs o]83t A st o 29
AqaFR 4 H4 A} Table 104 ofAtst upel ol &
ASHA LrERst)

szkel Wahs F WEAlo|o) AojzoR ek
4 Atk Afolzke T ARAZ|7F YA FA1FG A
28 CF AT Aelrole] WABARRE 2

34

ﬂl

H-Lo

o

3 2 otk gARge] zFto] wel 4elzhe] Bl
4.3°~150°0] 8] HA5}gic) ojn) FgA =55 m
o]t}

Fig. 102 @xqtol| W2 & gA4ke] =z uat

Y ) SAol 2Rt HERRE 9 H



EEE TR 37

(a) Left image (8= 36°)

(c) Left Image (8= 60%)
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Fig. 9. Differences in joint orientations according to the
photographing distance in laboratory model test
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Fig. 8. Image pairs under various convergence angle in laboratory model (1600x1200 pixel, D=

5.5 m, B is convergence
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Fig. 10. RM.S. distribution of joint orientation difference
between the values measured by total station and GP method
according to the convergence angle.
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Fig. 13. Photographing layout of field application for extended analysis



(e) 3rd left photograph

(f) 3rd right photograph

Fig. 14. Three pairs of images of rock slope photographed for extended analysis (SD: over 3 m, 1600x1200 pixel)
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Table 3. Differences obtained according to the measuring methods in the global coordinates of the ground control points,

Ci and C; of the 2nd and the 3rd photographing area

. . Calculation from lst
| Total station measurement (mm) ) Difference (mm)
Control point photographing area (mm)
Ist X Y Z X Y Z X Y Z
Cy -1,2280 | 15,501.0 | -1,893.0 |-1,228.425|15.506.359(-1,892.520, 0425 5.359 0.480
Gy 1,142.0 | 15,072.0 | -1,536.0 | 1,140.956 [15,507.311]-1,536.450] 1.044 0.689 0.450
Calculation from 1st Calculation from 2nd .
. . Difference (mm)
Control point photographing area (mm) photographing area (mm)
2nd X Y Z X Y V4 X Y 4
cy -10.0 15472.0 | -2,622.0 -6.783  |15,477.371|-2,621.489, 3.217 5371 0.511
Cy' 0.0 15,752.0 | -1,660.0 -3.405  |15,751.705|-1,661.820| 3.405 0.295 1.820
Calculation from 2nd Calculation from 3rd .
. . . Difference {mm)
Control point photographing area (mm) photographing area (mm)
3rd X Y Z X Y Zz X Y Z
(o -2,3540 | 15,8400 | -2,311.0 1-2,355.657115,847.184]-2,313.869] 0.657 7.184 1.869
Cy" -1,228.0 | 15,501.0 | -1,893.0 |-1,231.378(15,509.801(-1,893.693] 3378 8.801 0.693
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Fig. 15. Differcnces in the joint orientation by two measuring methods
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