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Abstract:

Recent years havea an increase in the use of digital close range photogragimetr
various engineeringrojects. By using high-resolution cameras along with a proper
network design, camera calibration and bundle adjustmmagsurement®f high
accuracy can be achieved. In this paper, the application of photowetry in 3D
coordinate measurements of large damstuslied.For this, spillover an embankment
dam (245.7m by 62.8m), named Marun, which is located in sofitiran was
considered as the castidy A number of targets were fixed to dam body and imaged
using high-resolution(8-megapixel) digital camera.Various tests were carried out to
evaluatethe capability of photogrammetry in 3Deasurementsf the targepoints. The
results indicated that within the experimental configaret a precision of 1.88 mm
could beachieved so this method can indicate deformation above this vahe siudy
however, showed that duedomplexand difficult conditions surrounding sudams, it

is not always possible to use photogrammetry alone in damo8i2 measurements.
Photogrammetry cartherefore be used at least in combination with surveying
techniques especially when a fast and not necessarily too accurate anadygigésl.
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1. Introduction

The most important problem refers to dam is dam safety, which have grave
incidents such as dam fracture. Therefore, Protectionntemgince andprecise
measurementare so critical and must do with maximum care @mmd. Precise
measurement in dams candeiding in two categories

- Internal and longerm measurement® determine the affecting forces on dams
- Externalmeasurements in order to monitor and analysis any deformzduse
by affecting forces.

Internal measurementsan evaluate and determineith geotechnicainstrumentations
such adnclinometes, Extensometerslelemetersandpiezometes in any critical points

on dam. The external measurement cahtainby involving proper surveyingnethods.

In this paper, we focus our attention on external measutemaenorder touseit in
deformationmeasuremenof dams. Until now the only procedure, which have been
widely involve in dam 3D measurement, is Geodesy method. However, bydeansj
environmental and atmospherically situations in Inaoyntainoushigh humidity and
temperature in mosirea¥, measurement and data processing are so difficult and time



consuming On theotherhand,no procedure can providiee accuracy (2-3 millimeters)
in dams withits large dimensions and other limitations.

By consideringphotogrammetryadvantages suchs, non-contactdirect measurement,
rapidity data capture and processing,lioe-andoff-line automaticor semi automatic
measuremenphotogrammetry can hievolve in many engineeisciencesAs have seen
in the pervious researches that have done in dam 3D meastseomil now, the
photogrammetry hasvolved in some applicationo, such as Kersten (1995), Maas
(1997). In this paper, by involving highesolutioncamera, we want to know which
level of accuracycanachieve In addition, what useful advantages can photogrammetry
havebeside Geodesy procedure in 3D coordinate measur@emelams?

So the aim of this research carsummarize in evaluation of capability of
phobgrammetry in 3D measurements on dams. For this reasanvepi(R45.7 by 62.8
m) of Marun dam (figure 1) has selected as case study, andcimate measurement a
digital high resolution camera&Canon EOS 30D(pixel size: 6.4 um) has employéih
reachmaximumaccuracyretroreflective targetsncluding environmentasituation, and
motorize total statioor reading number of targets (control points) were involvdd.
the computations and processimgredoneby “Australis’ software.

Figure 1: spillover of Marun dam

2. Project procedures

As mentionedabove, in this paper we evaluate the capabilityrmtogrammetryn dam
measurements due to effective forces such as pressuss, atie strain. For this reason
thefollowing procedures masiccomplish

A. Network design: In any photogrammetrigoroject this stepis the most important
factor in order to reach the given accuradgtwork constraints essential in this projects
are maximum camera to object distance, tadi@ineter number ad distribution of
image points.

B. Targeting and imaging: Targeting and image accusation is a fundamental process
of photogrammetry. To do all the photoframmeégicorientations and reacthe
maximum accuracyin automatic target recognitiooy Australis software number of
targes installed on spillover of dam and some points selected attarftom natural
objects (central areas of spillover) on it, and several @sdtave beenaken from
spillover.

C. Target measurement: this parthasdivided into two distinct sections 1) ground
targetcoordinatemeasuremen®) photogrammetric 3Earget measurement.



Furthermore in order to test the precision of restdtéind out the optimum procedure

in this project, two camera calibration methods @albration and self calibration)
were caparisoned andt last an estimation between surveying and photogrammetry
havebeenaccomplished.

Subsequentlyn the followingsectionsall above procedures represent in detaibrder

to makeassurance ahe quality and precision of results, different cases andtgitua
havecaparisoned to reach thezen accuracy

3. Network Design

The importance of network design in all photogrammetric a@pgibns especially in
high precision measurement applicati@asnotbe undestated.The network geometry
is the most significant factor to reach high precision measent capability.Thus
network design involve with satisfaction of some visionst@ints, by concerning the
workspace limitations, these constraints can be group asmonma camera to object
distance targetdiameter number andlistribution of imagepoints Sequentially these
constraints explain in detail:

e Maximum camera to object distance

In manners, which camera distance to each object points is greater than this,distance
desirable accuracgannotprovide. Thus, this distance can compute frooonstrains
such as workspace limitatiocameraesolution andtamerdield of view of as follows:

A. Workspace constraint: practicallythis constraintis theoperato allowableimaging
distance to objectUsually, with satisfaction of camera field of viewhis constraintan
be solved(saadatseresht, 2006), unless the workspaicgyunderside of the objesize
(this project). By using wide angel lenses this problem @rdive, so in this project
we use 28nilimeter lens.

B. Camera field of view: practicallythis constraint is the distante camera, which

covers total space or sections of the object. Therefordyisnconstraint, the camera
distance must be sufficient; otherwise, object may appesmall portion of image. By
equation {), this distancean compute a®llows:
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a= tan’l(%g") =1355

Here « is half of camera pyraith vertex angle g is the incidentangle between camera
and longest object diameté@,: longest object diameter, :minimum camera frame
sizeand f is focal length of the camera.

C. Camera Resolution: To support imagenenstruatiorand reach the desire precision
(o), the resolution of object in the imagery must be suffici€éractically these
constraints assume equal to the maximum target pixels geirmiaerefore,maxmum
distance is a function of focal length, pixel size and target diarfijter
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D, : target diameterT,,\, IS Minimum target pixels in image arng,, is pixel size of

thecamera. Concernintpe following commentsVlaximum camera to object distance
cab compute as follo8):

Dynex = MIN(DEyy', Dy, Dges) =113666(m) 3)
e Target Diameter

Concerning maximum camera to object distance, focal lengtbamera and this
assumption that generally in photogrammetry target dexmet1/1000 object size, in
this project we use targets in 120 mm diameter.

e Number and distribution of image points

Although the number of targets within a network has little impacthenpgrecision of
object triangulation, so long as there is a sufficient nunmibeach image to support
exterior orientation, which is typically by standard benddjustment in multiple
camera networkslherefore,number and distrition of image points also significantly
influences of precision of recovery of sensor calibratiarameters irself-calibration
(Atkinson, 2001). Practically total amount of 20-50 tasgethich 10-15 targetky
down in each images recommendFraser 1984).

4. Target installation and imaging

Due to high humidity and temperaturg((°) of the environmentand sunconsecutive
radiation, in this project we used 60 circular retro-reilectargets withPVC cover
resistant to the following limitation§ o automaticrecognitionof targets by Australis
Software,all targets glued on black background (25 by 25 centimetet)géued on
spillover (figure2.a).To reach maximum quality of images in low light environment
with highest level of target illumination due to imagerydi8-19:30) and theamera
imagery distance (80 to 100 meters), all images have takearblgination of 2 flashes
synchronize on 1/100 seconds arkistop: 5.6 with lens focus at infinity. Also by
cameracompanyrecommendation in order to increase image quality and redusesno
in images, camerkSO select on 100 and the entire images have taken with minimum
compression iIPEG mode.

Finally by noticing the following comments (network desagrd camera configuratipn
and limitations such as mountainous environment and wlifficork space conditions
total 110 images from 22 stations (5 image per station) la&es from both side of the
spillover (figure 2b).

a) b) (

Figure 2: (a) Targets on spillover(b) Photogrammetric network desigtiew



5. Target measurement

Before measure target coordinates on spillover in order to int@do the software as
control points to unify both coordinate systamd evaluate the accuracy and precision
of entire measurementreatingof geodetic network around the spillover to determine
any movement between to epoclon geodetic stations, is necessary. Therefore
coordinate of some targets (figure 3), were computed bysedgon, horizon and
vertical angles were observed hyotorize total station“Trimble 5602 (2" accuracy)
with 5 acceptable couples. For further computations,eemtinges beside all computed
coordinatesntroduced to Australisoftware

Figure 3: Ground control points ospillover

By using co-linearity equations to compute points cootdinbesidesexterior
orientationof camera, interior parameter of camera or calibratioarparerssuchas:
principle distance (c), principle point coordinat®§p,Yp), distortion parameters
(k1,k2,k3,p1,p2) and affinity parameterl,b2) were computedsfollows (4):

rr!ll(xj - XCi)+rn.l.2(Yj —YC|)+FI"53(Z]» _Zci)J
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Xoorr = Xogas — XP+ Xdr /17 + pL.(r* + 2x%) + 2p2x.y +bl.x+b2y

Yoorr = Yoress — YP+ VAU /17 + p2.(r? + 2y?) + 2.plxy

r’=x*+y’
dr = klr®+k2r®+k3r’

Camera calibration process can be estimate before inceytjaroject (prezalibration)
or can becomputesimultaneously with exterior orientation parameter ankihawn
coordinategpoints with bundle adjustment (sel#libration) Whereas used calibration
method directly effect on measurements, so it is necessadgtermineoptimum
method. Afterthat co-linearity equations for entire targets and control poiatsned
and computedby least square method. Output of this section is the photwhe#rics



coordinates of all targets in measured ground coordinateray Due to importance and
necessity of determining optimum calibration method, ih@sessary to discuss it in
detait

5.1 Determining the optimum calibration method

Firstly, in order tadetermine optimum calibratiomethodand assurance of any changes
in processpre-calibration have down before and after imagery. In thicguore we
used a tefiteld (4 by 3 meters) as shown in figuregbeveg and a total of 22 images
from 11 stations were taken (figusebelow).

W‘,'. 'U”
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Figure 4: (above: Testfidd view, (below): Network design used for piaalibrationimagery)

To reduce any correlatidmetweencalibrationparameters in each station, imagery with
90-degree camera rotation about optical axis for all imagesimade By solving co-
linearity equations (4 which have formed for entire testfield points, calibnatio
elements before/after imagery have compytable 1).

Table 1: Calibration parameters before and after imagery

Calibration parameters | Beforeimagery | After imagery difference
(mmy) (mm) (mm) (mmy)

c 28.4419 28.4579 -0.016000000
Xp 0.0108 0.0681 -0.057300000
Yp -0.0917 -0.0414 -0.050300000
K1 1.16E-04 1.15E-04 0.000001205
K2 -2.31E-22 -1.57E-22 0.000000000
K3 -4.38E-20 -2.73E-20 0.000000000
P1 -4.39E-27 -4.29E-27 0.000000000
P2 1.17E-05 8.43E-06 0.000003267
Al 4.42E-28 1.47E-28 0.000000000
A2 3.47E-04 4.18E-04 -0.000070793




Result shows that calibration parameters are so closehplmtedures, whichpprove
the stability of the camera. In next procedure (self-caiibn), calibration parameters
were assumed unknown and beside target point coordinai@ssfpillover imagery,
were computed simultaneously.

To evaluate optimum calibration method, by using interiements of the camera in
both pre-calibration and self-calibration, entire targebrdinates were computed,
RMSE of target points are shown in table(2):

Table 2. RMSE of target pointsn pre-calibration and seltalibration

Preasenfiondusment | o, | oy | 0, | Total (67) | Total (95%)
Pre-Calibration 0.5908 0.6772 0.2885 0.9438 1.8877
Self-Calibration 06283 | 06938 | 0.3033 0.9839 1.9679

As haveseen RMSE in pre-calibration is better than selibration because accuracy

of selfcalibration based on network geometry, and in this research due to
environmental and working limitations, the stability o thetwork were weak. To test
assurance of result in the following procedures, calailatordinates and meared
coordinatesvere reviewedtable 3).

Table 3: RMSE of checkpointsn pre-calibration and seltalibration

AX (mm) AY (mm) AZ (mm)
Point No (Xphoto -Xground) (Yphoto -Yground) (Zphoto -Zground)
Pre-calibration Self-calibration Pre-calibration Self-calibration Pre-calibration Self-calibration
1 0.189 -0.144 0.357 0.265 -0.003 0.016
4 2.801 2.595 0.803 1.472 0.664 0.648
5 1.413 1.530 1.250 1.146 0.328 0.328
8 0.677 1.375 0.351 1.807 -0.627 -0.961
16 -0.576 -0.052 -0.147 -0.021 0.013 -0.055
17 2.255 5.019 0.345 2.709 0.395 -0.190
23 -3.055 -1.749 -3.017 -2.711 1.453 1.218
25 0.432 0.289 -1.133 -1.612 -0.202 -0.176
27 -0.766 -0.192 0.115 -1.056 -0.591 -0.853
28 -0.463 0.316 1.088 -0.154 -0.208 -0.519
31 0.661 1.017 2.946 1.285 0.012 -0.022
36 -0.297 0.167 1.728 1.969 0.995 0.992
37 0.115 0.132 0.916 0.994 0.040 0.045
39 -1.633 1.011 1.275 1.676 0.881 0.723
40 -0.106 0.093 0571 0.607 0.315 0.306
41 -1.551 1.276 2.681 2.967 0.231 0.177
42 0.824 0.170 0.168 0.118 0.004 0.009
RMSE of Checkpoints (pre-calibration) : 2.3786 (mm)
RMSE of Checkpoints’ (self-calibration) :  2.9849 (mm)

Result shows that total me&WSE of checkpoints in prealibration is 2.3786 mm and
this value in seltalibration is 2.9849 mm. Due to table(4), maximum difference
between calculated and measured coordinates in pre-at@libin X,Y,Z directions are
3.055 mm, 2.80 mm and 1.453 mm and in self-calibrations thakes inX,Y,Z
directions are 5.019 mm, 2.967 mm and 1.218 Mimerefore we understand that both
accuracy an@RMSE of checkpointds better in precalibration method.

6. Conclusions

As mentionedefore,practically main aim of the research was evaluati@capability
of photogranmmetry in 3D measurements of dams due to mamtprdeformation
causedon it. By noticing, the advantages such as direct measurewienbn-contact



points on spillover due to safety problems &otdl time(time of targeting and imagery
4 hour and time of processing about 3 days), besides albameéntal and instrumental
limitation, this method is goodn this project, we obtain total precision of 1.88 mm
thereforethis methodcan be use to monitor any deformation above this range &nd it
acceptable due to standaBD Dam measurement in Iran (2-3 mmgimilarly, in
optimum method maximum difference between computed andureghpoints irX,Y,Z
direction are 3.055, 2.80 and 1.453 mm.

Dam construction is one of the most important parametecteféausing this method.
On embankmendams because of their characteristics and their surfasesnethod
cannotbe involve. For further studies @mbankmentams,this must be mention and
design of special targets recommend.

As seen in the project by considering camera to object desté®0-100m), target
diameter is so important. By lookirig images, it is easy to find out that in edges of the
entireimages respect to far distartoecamera, targetdiameteare smalbnd it is better
to use targets witlliameter2 times larger than the omempute in network design.
The other effective parameter is the instrumental linoitatfor example in order to
improve the network geometry, by using platforms in frorthefspillover, better result
can achieve.

Advisedly by comparison two methods involve in the projpce-calibration & self-
calibration) and considering all the difficulties and taions mentioned above, it is
recommend to use palibration beside bundle adjustment in dam 3D measutsiinen
the similar projects
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