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Development of Terrestrial Photogrammetric Technique
for Structure Monitoring
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Abstract

Recently, terrestrial photogrammetry has been applied effectively to data acquisition in GIS and
to monitoring precise machinery for simulation test. Because 3-D coordinates of many object points
can be quickly measured with constant accuracy and easy modeling by this method. In this study,
the composition concerned with multi-camera system which simultaneously analyzes structure from
multi-station using various cameras was developed. The errors of results were analyzed to investi-
gate the accuracy of the system, error of unknown points and control points, convergent and strip
adjustment for optimal network design also. As results of this study, the efficiency of multi-camera
system developed here was proved through application to monitoring the entire area of the precise
model ship. We could also acquire 3-dimensional coordinates with good accuracy by arranging pass
points. Therefore, possibility of measurement of instantaneous deformation as well as precision
analysis of structures can be suggested.
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Table 1. The Calibration Data of Each Cameras for Multi-camera System

WILD P31
(Lens No. 57305)

Rolleiflex 6006 *
(Lens No. 7126297)

| Nikon F-801

(Lens No. 541830)

PPAX=+2um Y= —2um PPA: X= +8 um PPA: X+103 um Y= +30 pm
PPS: X=+8pm Y= Oum Y= ~7um K!: 4251753570E —6

Ki: 40.22551E—6 K,: 3564E-6 K.: —0.03721015E ~ 6

K;: 0.0419655E 6 Ky —0.02331E -6 Ks:  0.00001845E 6

Ky —0.6769695E - 10
Kst 0.1596120E - 13

Py: 9.84737198E—6
P,: 25.69442083E —6
P;: —0.28874270E—6
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Fig. 1. Schematic diagram of application test.
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Table 2. The Average Standard Error for Each Case of Combined Camera {um)
System Single camera system Multi-camera system
standard error M* S N MS MN SN MSN
Sx 128.2 317.8 350.4 196.2 2225 3307 220.0
Sy 1155 255.8 339.0 160.6 195.2 304.8 183.2
Sz 3705 961.6 13425 605.6 818.8 1075.9 7416
Ps 408.7 1044.6 1428.3 656.5 870.7 1166.1 794.9
Ax 136.6 428.1 435.2 246.0 269.0 4292 268.4
Ay 1231 344.6 421.0 201.4 236.0 395.6 2235
A; 395.0 1295.3 1667.4 759.4 989.9 1396.5 904.8
P 435.7 1407.3 1773.9 823.3 1052.6 15136 969.9
*M: Metric camera.
S: Semi-metric camera.
N: Non-metric camera.
Table 3. Exposured Plan of Ship by Multi-camera 11 1
System « ? lv’ ?
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\? \ (I) g
Camera Exposed Dist The # of . A %\ b P éﬁ;f
NN q‘ /9
(m) Exposed Photos a, / n/,
Sal - L %"
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(Rollei 6006) Ty {d \ b % L
— R A ¢
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1 f f‘ % 1 ——a meiric P31
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Fig. 5. The target array of front and rear of ship.
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Table 4. The Average Standard Error Distribution
of One-side Control Points and Full-Side
Control Points

Control  Simulated error Actual error

point Sx Sy S Ax Ay Az

Paper (5) 201.3 2182 3387 2959 320.8 4979
Full 718 753 1548 1094 1147 2357
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Table 5. The Average Standard Error for Each

Case of Control Points System (pm)
Average Type of control point
standard

error 1 11 111 8%
Sx 63.5 57.0 54.1 438
Sy 70.9 65.8 800.8 40.2
S, 1434 1284 1068.9 97.1
P. 172.1 144.3 1336.7 1139
Ax 76.0 70.6 65.5 59.1
Ay 84.9 81.5 969.0 54.3
Az 171.6 159.0 1293.4 131.1
P 1915 178.7 1616.1 153.7
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Table 6. Comparison Measured Values by M.C.S with Design Values for Ship. (mm)

Section AP 1 2 3 4 5 6 7 8 9 FP
m.c.s 4201 4423 4490 4497 4491 4493 4495 4469 3917 2595 340

525 WL dv 4328 4445 4519 4519 4519 4519 4519 4461 3920 2599 338
8 -37 - 22 29 -22 -—28 -—26 -24 08 —-03 -04 0.2

m.c.s 349.7 4065 4396 4504 4487 4497 4503 4280 3419 1819 59

4.00 WL dv 3543 4110 4435 4519 4519 4519 4519 4300 3454 1860 58
& —~46 -—45 -—-41 -—-15 -32 -22 ~16 —20 —35 ~—41 01

m.c.s - 90.1 3225 4031 4383 4441 4188 354.1 2323 1073 529

2.00 WL d.v - 94.2 3270 4077 4400 4469 4226 3582 2360 1082 510
& - —~41 —45 —46 -12 -28 -38 ~41 -37 -09 1.9

* m.c.s: Multi-camera system, d.v:

Design value, 8: Difference.

Fig. 12. Monitoring of each sections for ship.
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13. 3 Dimensional modeling of tested object.

1) Pass point® —miol ©j=), ?5}‘44 B s
Fata] P2 £

e 71EHE

=1

5.

/‘

Hlaf ok 4
gout v
g oF 20% A%

4) A }3}1153';

—~159—

AT
=A 21 7] AlA" o R
metric AFZ7)RE X, Y, ZHEN A 25 FE 8t
_{«Ev’gfsﬂéﬂ,oﬂ °"0]A1E AXFEFEAE
». gloio ==

%“i—!’% T

f?)/é}-‘l] MIimol AMulHi= &

rege)) ogzslo

o

2.7}e 2
98 e 42

2=
L

< NP w ’5*1
7124 HEHEPo THE ’3%*&’?5}?: AE &
4= ANS™ pass pointEMT BHEESHHol HY
e ¢

2) E}' ‘T‘né}cglﬂ'

A=)
AN-=S

=

'T‘ semi-

ok 790 um
Aba7) Asde) s
- giae

.-{r:

2rAE

F7} Hgsto -
2191k
GEAANN LGRS o] falel



36v)9] APHO 2 monitoringdt A HFEL A7) X,
YR HAMe= oF 70~110 um, ZREE <F 150~230
umE dojd B9 28 £iH 3319 vy
A% AYUsiHe E& monitoring B +7HAY 3§
He| 7hedE AANE = AUk

UAtel 2

B odve gAY 527 32(90-08-00-05)
A HERZ $3% Aor It AL
=gyt

a2

1. Kang, JM. Oh, W.-J, and Han, S.-H., “A Study
on the Accuracy Improvement of Very Close-Ra-
nge Photogrammetry”, ISPRS XVII Congress Co-
mmision V, Vol. XXVX, pp. 203-208, 1992.

2. 7485, o)Ay, “Collinearity conditione] ¢]& C.
R.P convergent cased} A¥ T &4jo) &g A-F",
S X 83| K], <67, A 235, 1985, pp. 56-72.

3. ZFE, 43, “Multiple methodol <J8t 98~
EY 2% 547, dislie8% =2%, A 94,
A 235, 1989, pp. 89-95.

4. Clive, S.F., “Dimensional Characterization of a
Large Aircraft Structures by Photogrammetry”,

10.

PE & RS, Vol. 58, No. 5, May, 1992, pp. 539-
543.

. Jeyapalan, K. and Walton, M.M., “The Feasibility

of using Terrestrial Photogrammetry in the Long
term Structural Movements of a Bridge”, ASPRS-
ACSM Annual Convention Vol. 7, Non-Topogra-
phic Photogrammetry, pp. 46-80, 1987.

. Alf Pettersen, Tech. Mgr., Metronor AS, “Metro-

logy Norway System-An On-Line Industrial Pho-
togrammetry System”, ISPRS XVIIth Congress,
Commission V, 1992, pp. 43-49.

. Haim, B.P., “Deformation Analysis by Close-Ra-

nge Photogrammetry”, Photogrammetric Enginee-
ring & Remote Sensing, Vol. 51, No. 10, pp. 1561-
1567, 1989.

. Kim, B.-G., “Development of a Photogrammetric

System For Monitoring Structural Deformation
of the STURGEON BAY Bridge”, University of
Wisconsin Madison, Ph.D, 1989.

. Hintz, R.J., Karakadas, C. and Kang, J-M., “Anal-

ysis of Pavement Cracking and Rutting Using
Close-Range Photography”, PE & RS, Vol. 55, No.
2, 1989, pp. 217-221.
Koo, TK. and Aw, YB. “A Three-Dimensional
Visualization Approach to Traffic Accident Map-
ping”, PE & RS, Vol. 57, No. 7, 1991, pp. 921-
925.

(% 1 1993, 8. 28)

Ko ARG



