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Development of Precision Measuring Systems
for Structural Deformation Measurements
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ABSTRACT : In this research, the operational principle and the internal algorithm of theodolite measuring
systems are studied and coded for a new software, and the feasibility of the laser system for the above
mentioned usage is studied by simulation set-up of the system in the laboratory environment, and for the
theodolite system, modules for the commumication between theodolite and computer is implemented, the
data collection and storage, the simultaneous photogrammetric "bundle” adjustment for the theodolite
position and the target points are coded, compiled and tested. For the simulation set-up of the laser
system, extensive studies on laser sources and laser detectors are performed, the system composition for
the system simulation in the laboratory environment is studied and implemented, and the beam
fluctuation due to the environmental changes in the course of the laser beam, such as changes in current
of wind or in temperature is experimented. According to Experiment on the Source of 17 meters interval
and the Detector, Laser beam is almost doesn't depend on air flow, but it is effected by variations of
temperature and light. Selecting cloudy day and time without change of temperature, it was realized that
it is possible to perform deformation measurement more than approximately 2mm precision.
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23 xze

(2 7) ¢isZ20% &Y dlojefe] of

Camera Focal Length(mm) : 152.454

Number of Photographs : 16
" Stations © 116
" Control Sta. : 24
" Gr. Surv. Sta. : 0
i Image Points i 329
" Distance Obs. : 0
" Angle Obs. : 0
4 Azimuth Obs. : 0
" El Diff. Obs. : 0
First Approximations for Camera Parameters
Photo No. Omega(deg) Phi Kap XC(ft) YC ZC
1 95.00 -115.00 000  380.00 1842.00 582.00
2 95.00 -90.00 000 38000 1727.00 582.00
*=**xTruncated**

Variances for the Camera Parameters

Sta.No. X(ft) Y V4 var_XX(ft«ft) var_YY var_7Z

1 60000 185700 60800 1.0E-0006 1.0E-0006 1.0E-0006
71 601.00 1006.00 623.00

=+xTruncated**x

Variances for the non—-Control Station Coordinates

10E-0002  1.0E-0002 1.0E-0002 O0.0E+0000 0.0E+0000 0.0E+0000

Default Variances for Photo Coordinates

var_xx(mm*mm) var_yy var_xy
9.0E-0006 9.0E-0006 0.0E+0000
Image Point Observations (Photo Coordinates)
sta. No. Photo No. x(mm) y{mm)
1 1 -86.156 19.520
2 -91.311 10.092
71 7 95.805 36.778
8 16.778 29.859
xexTruncateds*
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2 13
*xkTruncated***

8 11213 14 15 16
ok 2 *»* 1 3 47 8 9111213141516

sx+Truncated#*»*

ok ok sk ook o sk s ok sk ok ok o o o

* Jteration 1 *
ok 3 2k ok 3¢ ok ok ok ¢ %k ok sk sk okook ke k ok

Degree of Freedom = 664
Standard Dev. of Unit Weight = 1.02071
s+ Truncated***

x*++%% The program has been stopped due to the small corrections. ##**#x
3k o 3k e 2k 3k 3k ke ok 9K 2 2k 3 2k ok ok e ok e ok ok ok e sk sk ok 3k ke ok A o ok sk vl s e ok o 3k ok ok ok ok ok ok ok ok ok ok 3k ok 3k ok 3k ok ok o ok ok ok ok ok ke ksl ok

FINAL VALUES

ok o 2k ok ok ok sk ok ok Dk ok 2k e 3k 3k 3 3k ok 9k 3k ok 3 3k 35 oK ok ok ok sk 36 ok sk 3k e 34 ok S s e sk ok 3k sk ok ok sk ke o ok ke ok obe e e ok s ok ok ok ok ke e sk ke ok ok

Adjusted Photo Coordinates and Residuals

1 1 -86.156 -29 -86.159 19520 -46 19516
2 -91.311 -1.7 -91.313 10.092 38 10.096
*xxTruncated=**

Final Camera Parameters and Standard Deviations

Pho.No. Omega(d:m:s) Phi Kappa XC(ft) YC(ft) ZC(ft)
sd(Omega) sd(Phi) sd(Kappa) sd(XC) sd(YC) sd(ZC)

1 94:59:32.55 -114:59:53.90 -0: 0:29.49 37999 184199  581.99

0: 0:40.17  0: 0: 407  0: 0:4460 0.01 0.00 0.02
2 95 1:5449 - 89:59:54.09 0 1:53.16 380.00 172699  582.00
2:29:61.04  0: 0: 555  2:29:51.03 0.00 0.01 0.00

*+xTruncated»**

Final Object Point Coordinates and Standard Deviations

StaNo. X(ft) sd X(ft) Y sd Y Z sd Z
1 600.00 0.00 1857.00 0.00 608.00 0.00
71 601.00 0.01 1006.00 0.00 623.01 0.01
»+xTruncated***
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