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Lecture Overview 
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Mathematical Basics 
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Learning Goals 

 Ability to describe Newton´s method and its applications 

 

 [Newton Methode und deren Anwendung beschreiben können] 
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Mathematical Notations 

 Domains 

 

 Numbers  

 

 

 

 

 Vectors  

 

 

 Matrices  
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Mathematical Notations 

 Functions 

 

 

 Equation systems 
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Matrix Notation 

 Example – Rotation in 2D 
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Parameter Adjustment – Example 

 Find a line that optimally fits the measured points 

7 

One equation per point 
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Parameter Adjustment – Example 

 Find a line that optimally fits the measured points 
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One equation per point 
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Least Squares Adjustment 

 Least squares adjustment (over-determined system) 

 

 

 

 

 

 

 

 

 

 

 Could also be solved via Singular Value Decomposition (SVD) 
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equation system does 

not have a solution 
 

reformulate 
 

find best „solution“ 
via least squares with 

residuals 
 

 
pseudo inverse of  
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Least Squares – Example 

 Find an affine transformation between two 2D point sets 
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affine transformation 

 
 

matrix notation 

 
Two rows for each points 
(two equations) 

 
 

 
 
 

 
 

least squares solution 

How to convert to form  
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Least Squares – Example 
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affine transformation 

parameters 
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Least Squares – Example 
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Least Squares – Example 
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search image 
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Least Squares – Example 
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reference image 
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Least Squares – Example 
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registered search image 
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Linearization 

 Linearization of a function         is the linear approximation 

     of         at a given point 

 Taylor expansion at  
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Linearization 

 Linearization of a multivariable function 
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Linearization – Example 

 Approximation near 
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Newton´s Method (from 1669) 
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Newton´s Method (from 1669) 
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Newton´s Method (from 1669) 
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Newton´s Method (from 1669) 
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Newton´s Method (from 1669) 
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Newton´s Method 

 Linearization and Least Squares Adjustment 

 Allows to solve non-linear equation systems 

 

 

 Linearization 

 
 

 Iterate 
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 least squares 

      solution for 
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Newton´s Method – Algorithm 
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Interpolation of Pixel Values 

 Get the pixel value at a subpixel location 

 Get value from given image at location with subpixel coordinate 

 Pixel        with center 

 

 

 

 

 

 

 Also called resampling 
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Interpolation of Pixel Values 

 Interpolation of different order 

 Use neighboring pixel values to interpolate the new value 

 Nearest, Linear, Cubic, Quintic, Windowed Sinc 

 The sinc function is the Fourier transform of the rectangular function 
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Interpolation of Pixel Values – Example 
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input nearest linear 

cubic sinc 16 

reduced by  

factor 4 



Institute of Geodesy 

Interpolation of Pixel Values 

 Example: Image Rotation with angle  

 

 

 

 

 

 

 

 
 Inverse transformation 
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input image output image 
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Interpolation of Pixel Values 

 Example: Image Rotation with angle  
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input image output image 

direct mapping 

indirect mapping 
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