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Ozet

Miihendislik uygulamalarinda birgcok 6nemli alanda jeodeziden yararlanildigi, gergeklestirilen
caligmalarla goriilmektedir. LIDAR (Light Detection and Ranging) uygulamalari da jeodezinin yogun
bir sekilde ihtiya¢ duyuldugu bir alan olarak karsimiza ¢ikmaktadir. Teknolojinin gelismesi ile birlikte
ozellikle, LiDAR verilerinin degerlendirilmesi ve dogru bir 3B model elde edilebilmesi i¢in yapilan 3B
dontisiim uygulamalarinda, parametrelerin dogru bir sekilde hesaplanmasi ¢ok 6nemli bir konudur.
Diger miihendislik uygulamalarinda da, 3B datum doniisiimleri birgok miihendislik problemine ¢oziim
getirirken, diger yandan bir¢ok problem ile de kars1 karsiya kalinan ve kapsamli ele alinmasi gereken
bir konudur. Jeodezik olarak, koordinat doniisiimlerinin sonucundan beklenen en 6nemli O6zellik
dogruluktur. Doniistimiin dogrulugu, doniisiimde kullanilacak eslenik nokta sayisina ve bu noktalarin
ylizeye dagilimina, segilen doniisim metodu ve dengeleme modeline bagh oldugu gibi doniisim
yapilacak alanin biiyiikliigiine de baglidir. Bu yaklagimla, miihendislik uygulamalarinda genellikle 3B
Helmert olarak da bilinen, yedi parametreli benzerlik doniisimii yaygin olarak kullanilmaktadir.
Benzerlik doniisiimii ile yapilan koordinat doniisiimi, sekil koruyan bir doniisiimdiir ve doniisiim sonrasi
sekil, 6l¢ek oraninda biiyiir ya da kiigiiliir. Bu doniisiimde kullanilan parametreler bir datumu belirleyen
parametreler ile aynidir. 3B doniisiimde kullanilan bu parametreler; {i¢ 6teleme, {i¢ doniikliik ve bir 6l¢ek
olmak iizere yedi adettir. Bu ¢aligmada da, Geomatik Miihendisligi uygulama alanlarindan biri olan
LiDAR verilerinin degerlendirilmesinde yaygin olarak kullanilan, 3B Helmert doniisiimii temel alinarak
farkli yontemler ile donilisiim parametrelerinin elde edilmesi amaglanmistir. Bu amagla; 3B Helmert
Bursa-wolf modeli temel alinmistir ve doniisim parametreleri, tekil deger yaklagimi (TDA) ve
Diferansiyel Gelisim (DG) modelleri kullanilarak elde edilmistir. Bu modellerden hesaplanan
parametreler ve dogruluklar birbiri ile karsilastirilarak, ilgili modeller degerlendirilmistir. Tekil deger
ayristirmast (TDA) yontemi biiyiik boyuttaki veri kiimeleri igin boyut azaltmak igin kullanilan bir
yontemdir. Dogrusal sistemleri ¢arpanlara ayirmayi saglayan bu yontem matrisleri bir vektér uzayi
olusturmak i¢in ayrigtirmaktadir. Diferansiyel Gelisim (DG) algoritmasi ise, Price ve Storn tarafindan
1995 yilinda gelistirilmis, 6zellikle dogrusal olmayan problemlerde tercih edilen, isleyis itibariyle
genetik algoritma temelli sezgisel bir optimizasyon teknigidir. Yapilan ¢alismada, 3B Helmert bursa-
wolf modeli ile elde edilen 7 parametre ve karesel ortalama hatas1 (KOH), diger algoritmalar TDA ve
DG ile elde edilen 7 parametre ve KOH ile karsilastirilarak, degerlendirilmistir. Degerlendirme
sonucunda, DG ve Bursa-wolf modeli ile elde edilen parametrelerin yakin oldugu, TDA ile elde edilen
parametrelerden Gtelemelerde ve 1 adet donikliik degerinde farklilik oldugu, gézlemlenmistir. KOH
degerleri ise, Bursa-wolf modelinde 0.0206 m, TDA ile 0.0311 m ve DG ile 0.0148 m olarak
hesaplanmigtir. Parametreler ve donistiiriilmiis koordinat degerleri kiyaslandiginda, DG ile daha dogru
sonuglarin elde edildigi goriilmiistiir. TDA algoritmasinda ise 6zellikle 6teleme ve dlgek degerlerinde,
istenilen dogruluklara ulagilamamistir. Bu c¢alismada elde edilen sonuglara gore, LIDAR verilerinden
3B modellerin elde edilmesi asamasinda kullanilan 3B doniisiimlerde, DG algoritmasinin yeterli
dogruluk ile kullanilabilecegi; fakat TDA yonteminin kullanilmasinda parametreler hatali elde edildigi
igin istenilen 3B do6niisiimiin dogru bir sekilde yapilamayacagi sonucuna varilmigtir. Sonraki
calismalarda; TDA ile daha fazla nokta kiimesi ile doniisiim parametreleri elde edilecektir ve bu
yaklagimin, TDA’nin 3B Helmert doniisiimiindeki dogrulugunu artirabilecegi disiiniilmektedir. Diger
yandan, DG algoritmast ile elde edilen sonuglarin; LiDAR ve diger miithendislik uygulamalarinda, 3B
doniisim problemlerinde rahatlikla kullanilabilecegi ve birgok probleme ¢oziim getirecegi bu
calismadaki sonuglar ile desteklenerek, gdzlemlenmistir.
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Abstract

It is seen from the studies carried out that geodesy is used in many essential areas of engineering
applications. For example, LIiDAR (Light Detection and Ranging) applications are also an application
field where geodesy is needed intensely. With the development of technology, it is crucial to calculate
the parameters correctly, especially in 3D transformation applications for evaluating LiDAR data and
obtaining an accurate 3D model. In other engineering applications, while 3D datum transformations
provide solutions to many engineering problems, on the other hand, it is a subject that is faced with
many problems and needs to be dealt with comprehensively. Geodesically, accuracy is an essential
property expected from coordinate transformations. The accuracy of the transformation depends on the
number of conjugate points to be used in the transformation and the distribution of these points on the
surface, the selected transformation method and adjustment model, and the size of the area to be
transformed. With this approach, seven-parameter similarity transformation, also known as 3D Helmert,
is widely used in engineering applications. Coordinate transformation with similarity transformation is
a shape-preserving transformation, and after transformation, the shape grows or shrinks in scale. The
parameters used in this transformation are the same parameters that determine data. These parameters
used in 3D transformation are three translations, three rotations, and a scale. This study aims to obtain
transformation parameters with different methods based on the 3D Helmert transformation, which is
widely used in the evaluation of LIiDAR data, which is one of the application areas of Geomatics
Engineering. For this purpose, it is based on the 3D Helmert Bursa-wolf model, and the transformation
parameters are obtained using the singular value decomposition (SVD) and Differential Evaluation (DE)
models. The parameters calculated from these models and their accuracy were compared, and the
relevant models were evaluated. The singular value decomposition (SVD) method reduces large
datasets' size. This method, which enables linear factor systems, creates a vector space by decomposing
matrices. On the other hand, the differential Evaluation (DE) algorithm is a genetic algorithm-based
heuristic optimization technique developed by Price and Storn in 1995 and preferred especially for
nonlinear problems. The study evaluated seven parameters obtained with the 3D Helmert bursa-wolf
model and root mean square error (RMSE) by comparing seven parameters obtained with RMSE and
other algorithms SVD and DE. As a result of the evaluation, it was seen that the parameters obtained
with DE and Bursa-wolf model were close to each other, and there was a difference in translation and
one rotation value from the parameters obtained with SVD. RMSE values were calculated as 0.0206 m
in the Bursa-wolf model, 0.0311 m in SVD, and 0.0148 m in DE. When the parameters and the
transformed coordinate values were compared, it was seen that more accurate results were obtained with
DE. However, the desired accuracy could not be obtained in the SVD algorithm, especially in the
translations and scale values. According to the results obtained in this study, the DE algorithm can be
used with sufficient accuracy in 3D transformations used in the process of obtaining 3D models from
LiDAR data; however, it was concluded that the desired 3D transformation could not be performed
correctly because the parameters were obtained incorrectly in the use of the SVD method. In later
studies, transformation parameters will be obtained with more point sets by the SVD method, and it is
thought that this approach can increase the accuracy of SVD in 3D Helmert transformations. The results
obtained with the DE algorithm; Supported by this study, it has been observed that it can be easily used
in LIDAR and other engineering applications and 3D transformation problems and will provide a
solution to many geodetic problems.
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