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DIGITAL TECHNOLOGY IN PHOTOGRAMMETRY

Fanar Mansour
University of BaghdadiCollege of Engincering/Dept.ol Surveying

ABSTRACT

One of the major advaniages of digital photogrammetry is the potential to automate production
processes  efficiently. thus substantially improving the price | performance ratio for
photogrammetric products. Image processing and computer vision technigques have successfully
been emploved for facilitating automated procedures in digital aerial images such as interior
orientation, relative orientation. point transfer in photogrammetric block trianguiation, and the
generation of DTM 5.

In this paper, the researcher presents her investigations on a digital serial iriangulation of a block
consists of two strips of cight acrial pholographs. Digital imae data scanned with a resolution of 400
dpi, this gives pixel size of 63.5 g {corresponding to 0.1%m greund resolution. Each one of the
eight black-and-white overlapped acrial photograph that have been used in this research has a photo
scale equal approximately to 13000, The measurements were carried out wsing Pentium I
personal computer with processor (CPL) 733MH,128MB memory and 20GB haed disk. All
observations were later adjusted in bundle adjusirment program (jadria) that has been written by the
researcher hersell.

The goal of this research is building a digital acria! triangvlation package to be the first trial of
digital aenasl triangulation in Iragr Unmiversites
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INTRODUCTION

Digital aerial triangulation has been an increasingly interesting topic of research and develupmen!
in digital photogrammelry for a number of vears. The two tasks of measuring the image coordinate:
of tie points and of computing the odentation purameters. which were well separated in analytic
photogrammetry, arc more and more being merged into a smgle process. Al the same lime a shift ¢
focus conceming the results of aerial trhangulation can be observed, While in earlier times o
densification was the primary goal, currently the orieniation parameters themselves are of growin
impartance.

Over the last few years various digital aerfal (rangulation sofiware systems with ditferent degree o
automation have been developed and have become commercially available, either as stand-alon
packages or as part of a Digital Photogrammetric Workstution. I hese syslems have been introduce
into practice, and users have started to report on obiained results,

THE STUDY AREA

Here in this work, two strips of cight aerial photographs having an upproximate scale of 1:3000 for
part of Baghdad City showing Baghdud Unéversity, The block containg 16 full ground control
points; with 4 check points Fig. (1)

Black and white vverlapped aerial photograpls are used to penerate the ground positions ol the tie-
pass points, and the specifications of these photagriphs are shown in Table (1).
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Table (1} Specilications of the vsed photographs

The study area Baghdad

Camera type MER S (WAL

MNo. of sirips

No. of photos por stri

Fhotg seals

Flying heighi

Focal lengih 15216 far

Forward overlap B

ELS

No. of liducinl marks per
photo

Formal

thate

DIGITAL: AERIAL TRIANGULATI(ON STEPS

In an automated production, the digital serial twiansulation in this research is divided into several
processing steps, which include. scanning the photographs, measuring the pixel position of each
point appeurs In cach photo, using affine trunsformation 1o transform the machine into photo
coordimates, and finally using bundle hlock adjustment to campule the gronmd positions of the tie-
pass points [Thomas Kersten, 1999 |

Scanning of The Aerial Photographs:

Eight black-and-white overlapped serial photapraphs are used. They are scanned at a resobution of
400 dpi, this pives pixel size of 635 pm (corresponding o .19 m ground resolution) on a LG
Scanner.

A Pentium computer with pracessor (CPU) 733 MU is used in this work, It has a 128 MB MmOy
and 20 GB bard disk. This computer s supplicd with o 3.5 high-density floppy disk and a mouse. A
super VGA color display moniter with 640 > 480 pixels is used 1o display image data on the screen.
These kinds of computers are necessary o deal with this kind of work {especially to increase the
speed of matching techniqueas).
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Measurements of The Scanner Coordinates Using Matching Technigues

The measurements of the scanner coordinates on digital images is done using digital sterco image

matching package. and this is done afler the photos being digital and stored on the hard disk of the

computer.

The major steps in this scheme that used in this research arc listed below:

- Edge detection for both imapges w generate a binary valued image from a detailed onc
containing the boundaries of the scenes or objects within the original image, The original (left)
image f (x, y) undergoes a gray scale edge enhancement by linear or non-linear processing to
produce the right image field g (x.y) with accentuated spatial brighiness changes. Next a
threshold operation is performed to determine the pisel location of significant edges.

2- Find the most interest points to be matched [rom e oulput of step 1. For the highest level (n},
interest points are sxtracied. The edge map, which s a hinary image. can be used to extract the
interest points, The inlerest points” extrtction depends on the informartion content within each
window, which is measured by calculating the number of edge pixels within the window.

3- Cross-correlation between the left & right photos using cross-corcelation [actor > (.08
depending on the pixel locations resulted from step 2. The cross-correlation measure between ¢
template (1) and the search region ar location (14,v) can be implemented as follows:

Ruv)=% ¥ M) T(x+u,y+v) w
S

The correlation function given in eq. {11, although simple in nature, has the drawback that it ig
sensitive 10 such changes in amplitude of S(x, ¥ and T'{ x, 1), Liven though cross-correlation
is an accurate method to find the similarity of two windows: it fends 1o fail in case of scaling and
rotation, if the rotation angle s relatively larpe [Mohamed A, Naji, 1994].

Transformation Of Digitizing Svstem To Image System

To transform the points locations from the digitizing system (column & row) to the gerial image
system (X & /). the two-dimensional Affire coordinate transformation bas been used. The term
two-dimensional — means  that  the  wordinate  svstems Le  on plang  surface
[Fadhil H. Ahdul-Rudah, 19949,

In the case of this work the ( X} comparator eoondinales system was represented by the digitizing
system {column & row) (compuler screen syslem). While the Image system was represented by the
(X)) digital acrial image system. The control points that used to solve this iransformation were the
clagsical four fiducial marks.

The system of equations that oMained from applying the lesst squases method to equations (2) & (3)

r=ag+ag X +al (2]
| Z i L]

yeh b X+hY (3

which named as the observation equations, cun be expressed 1n matrix [orm as follows:
A-X=L+¥ {4

where:
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The Approximate Values

The bundle adjustmen: needs as starting values approximate values of the orientation parameters of
all photographs and of the unknown coordinates of all terrain (tie-pass) points. If good approximate
values of the orientation parameters are available, they should be supplied 10 the program. Starting
from such values. only one iteration of the adjustment witl be needed [G.H.Schut, 1980].

A space resection ol the scunned photograph vsing available ground contrel and the corresponding
photo coordmnates 15 used to compute the approximate values of the clements of the exterior
orientation. These elements are the spatial coordinaies of the projection center (X;.Y7, ‘ZL ¥ arnd
the three rolation angles { (9, {.ﬂ', A ) |Shaker Farhan Ahmed, 1999 The resulting photo coordinates
of the control points together with the eonesponding growsd coordinates are used to solve space
resection problem.

The hincarizzd forms of the space resection collincarity equations are [ Wolf, Paul R., 1982]

Vo Fb! |ﬂrﬂ.i' b br_:_lpd!,ﬂ' i hljﬂ'l‘l" —-I‘.i']_,-;lii.-:ri'lr_ —E'J'_qﬂr.}'l_{_ - blf}ﬂr}:ﬂ_ | J"{j-}

v_',l-" - bZ ldﬂ'} + 'F'}:'Ed"lé s hl? dx == l&':,!l-t I:-l!{.ri_ |'L»|__:-5-!"-1'I}"1-_ = .lr}: ﬁff..-'f': T + K vd I.r':".l_]I

whre:

Vy & ‘L-'_}, residual errors in measured x&y image coordinates

deo, dg, Seely corrections Lo initial approximations for the arientation angles of the photo
dX;.dY; &dZ,;  corections w initial approximations for the exposure station ¢oordinates

The collinearity equations can be used w0 determine the upproximate values of the X ¥ _and

£ ground coordinates of (hi lic-pass points whose images appear v the overlap ares of 2 sterco pair
of vertical photos, This procedure is called spuce intersection. Space interseclion requires that the
six elements of exterior orientation for the lwo overlapping vertical photos be known. The

linearized forms of the space interscetion equations for peint I2 are [Wolf, Paul 12, 1982}

'I.’;' = f:rHEf.T e blﬁfﬂ"t- +'!E}[.5j'5-lrz .y 7y
vy =bogdX g +bysd¥p 4 bodZ g + K (8)

where:
Py & 1.?1_, residual errors in measured x & 1 image coondmates of point
i Fa e
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dX g, d¥p &dZ

comections (o inilial values of the object space eoordinaies of the poimt E

Applving The Least Squares Adjustment (Bundle Method) OF TheCase Study

A simultaneous least squares adjustment of all the measurements in phologrammetric mapping
problem can be formulated by the use of condition and observation cquations. [n the case of digital
acrotriangulation. the basic measurements includesi 1) the photo coordinates of the relevant image
points on the phutographs: (2) the ground coordinates of at least three control points: and (3)
auxiliary data on the exterior onentation of the phowographs. | be purpuse of the least squares
adjustment is then to determing the most probable solution for the ground coordinates of all the
unknown points and the exterior orientation paramcters of all the photographs | Sulama C.C., 1980 i
The bundle. method projective relationship between the pround space coordinates of & point amd the
umage plane coordinates can be derived from a re-arrangement of the gencral math model;

g X =X ) m (Y F)em(z-2)]

m X — X )+ m (¥ =¥ )+m (# 24 |
r._r— f -"I'I_"{._-JEF—,»'E’J ijﬂi?l:l-_'i:]+m1lff “g-:} “[]:I

m (X - X )4 m (F=F )+m (#~Z ]|
For each image point measured on the eigh photographs of this block that consists of two stripe
(110,111}, one pair of equations like the above can be written. A typical bundle triangulatior
solution solves for the exposure parameters and aknown ground coordinates.
The observation equations for photo coordinates will be [zilama C.C., 1980}

£

I"__I‘*E.,.ﬂ.'ﬁ'\.ﬁ.‘ﬂ 0

(11}

for jpoints in the ebject space=1.n, where n equal to no. il poinls that appear in each photo which
differs from photo to photo. = no, of phetos. in this case i 1.8

Where:
I = i -\i
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The observation cqualions [or exterior orientation parameters will be: -
" [ o
V- A+E =0 (12)
i i i
Where

The observation equations [or survey coordinates will be:

V _A E _g (13)
4 ] !

where
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The collection of all observation egquatitns menl wned above will be :

V+BA+E=0 )
whl:rt:iF -| — _H l
L 1B [A] L
e 1 [II ] :
” %l pdE
I"'_' l:;.I B: A= . F: i
=l . i |
124 ,
V =4 &
’ 0 ~1 =
L _

The nomal equations for the case study are:

B'WBA+B WE =0 e
ar
NA+U =0 E (16)
The weight matrix here | FV ) is taken as:
riy 0
W = | W
W
o W
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After substituting the values of /v W and B the vesult will be:
T =i

ST 2 RN
j}qwﬁ B If’éui»f:fj L N .wwaJ

whesre:

f i

}}H|

CNCLUSIONS

1- All softwaresthat are built in this work are efficient and successful in performing digital acrial
triangulation process; these softwares are free of errors cither on mathematical or programming
sides.

2- Digital data preparation by ssing scanning technique 15 a basic step in digital arial
triangulationand all the next sieps depending on itso must be performed te have a high
resolation and a suitable pixel size using a large scanner format,
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