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Abstract 

 

The paper aimed to present the main steps necessary to determine photo-coordinates and the process to correct them 

for systematic errors, such as radial distortion, refraction and earth curvature which is also known as image 

refinement. Image preprocessing is a technique which is used to enhance raw images received from aerial photo-

cameras, placed on drones, airplanes, satellites or other aircrafts for various engineering applications with a good 

accuracy. Photogrammetric original data obtained are usually geometrically distorted due to the acquisition system 

and the movements of the platform. So, we inserted the diapositives into the measuring system (e.g. stereo-comparator 

or analytical plotter) and measured the fiducial marks in the machine coordinate system. Then, we compute the 

transformation parameters with a similarity or affine transformation. The transformation establishes a relationship 

between the measuring system and the fiducial coordinate system, and translates the fiducial system to the photo-

coordinate system. Finally, we corrected photo-coordinates for radial distortion (by linearly interpolating with the 

values given in the calibration certificate) and other systematic errors. 
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INTRODUCTION 

 

Photogrammetry is the science of obtaining 

reliable information about objects and of 

measuring and interpreting this information. 

The photo-coordinate system serves as the 

reference for expressing spatial positions and 

relations of the image space. It is a 3D cartesian 

system with the origin at the perspective centre. 

Digital aerial cameras have only become 

available in about the last 15 years and have 

now replaced film cameras in many parts of the 

world. Their design must satisfy the need to 

produce high quality images and also provide a 

wide coverage of the terrain surface. Modern 

digital aerial cameras continue to be improved 

as new digital imaging technologies are 

developed. 

 

MATERIALS AND METHODS 

 

The coordinates and parallaxes of the midpoint 

M, which will become the origin of the 

coordinate system for the measured values, are 

calculated on the basis of the coordinates 

(x',y'’) and the parallax (Δx’',Δy') of the 

reference indices as presented in Table 1. 

 
Table 1. Calculation of Reduced Coordinates 

 
 

Coordinates of the stereogram are calculated 

with the following formulas: 
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So, we can see in Table 2 the gross image 

coordinates of the fiducial 4 marks and other 

12points on a stereo-photo (Popescu, 2016). 
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Table 2. Gross image coordinates of the fiducial 4 marks 

and other 12 points on a stereo-photo 

 
 

The relationships used for the orientation, 

correction and reduction of coordinates 

measured at the main point are of the form: 
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Table 3. Correction equations for x (for photo F’) 

 
 

Table 4. Correction equations for y(for photo F’) 

 
 

Table 5.Calculation of transformed coordinates 

 
 

Table 6. Correction equations for x (for photo F’’) 

 

 

Table 7. Correction equations for y (for photo F’’) 

 
 

Table 8. Calculation of transformed coordinates 

 
 

Correction for radial distortion causes off-axial 

points to be radially displaced. A positive 

distortion increases the lateral magnification 

while a negative distortion reduces it. 

Distortion values are determined during the 

process of camera calibration. They are usually 

listed in tabular form, either as a function of the 

radius or the angle at the perspective center. 

For aerial cameras the distortion values are 

very small. Hence, it suffices to linearly 

interpolate the distortion. 
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Δr = movement in the plane between the real 

and corrected position of the point P in the 

object space; 

'

22

x
r

r
c

yxr

x

pPP


−=

+=

 

'y
r

r
c y


−=

 

xiii cxx += '   yiii cyy += '  

 

cx, cy = corrections; 

xi, yi = corrected coordinates; 

The coefficients are determined by the 

minimum squares method. 

 

A (8,4)     AT (4,8)     l (8,1) 

 

AAN T =        N (4,4)     N-1 (4,4) 

 

lANX T = −1
       X (4,1) 

 

a1= 
 …   *10-2 

a2= … *10-5 

a3=  …*10-9 

a4= … *10-13 

 

In Table 9 are presented the equations of 

correction and in Tables 10 and 11 are 

presented the computing of corrected 

coordinates for both photos. 

 
Table 9. Equations of correction 

 
 

Table 10. Calculation of corrected coordinates (F') 

 
 

Table 11. Calculation of corrected coordinates (F'') 

 
 

This correction applies when the coordinate 

systems are used in the design plan; the 

displacement of the points is radial to the main 

point and is negative in the radial direction to 

it. 

If we consider: 
 

 R = 6370000m; 

 Hof flight = 2800 m; 
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Then: 

 
Table 12. Calculation of corrected coordinates for F' 
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Table 13. Calculation of corrected coordinates for F'' 

 
 

RESULTS AND DISCUSSIONS 

 

The photo-coordinate system serves as the 

reference for expressing spatial positions and 

relations of the image space. It is a 3-D 

cartesian system with the origin at the 

perspective center. depicts a diapositive with 

fiducial marks that define the fiducial center 

FC. During the calibration procedure, the offset 

between fiducial centre and principal point of 

autocollimation, PP, is determined, as well as 

the origin of the radial distortion, PS. The x, y 

coordinate plane is parallel to the photograph 

and the positive x−axis points toward the flight 

direction. Positions in the image space are 

expressed by point vectors. For example, point 

vector p defines the position of point P on the 

diapositive. Point vectors of positions on the 

diapositive (or negative) are also called image 

vectors. 

 

CONCLUSIONS 

 

A mono or stereo comparator is used to 

measure the image coordinates which form the 

basic input into the next adjustment. Precision 

of stereocomparators and mono comparators 

(e.g., Zeiss, Kern etc.) provide an accuracy at 

the level of1-2 m. Analytical stereoplotters in 

comparator mode can also be used to measure 

the image coordinates providing 3-5m 

accuracy. It is recommended to observe each 

point at least twice and to observe the fiducial 

marks. For example, for analytical 

aerotriangulation, it is also necessary to transfer 

points from one image to another when using a 

mono comparator. However, if the points are 

targeted on the ground, point transferring is not 

required. 

In order to compensate for systematic errors 

such as lens distortion, atmospheric refraction 

and the digital camera scale bias and improve 

the collinearity equation model, distortion or 

additional parameters, (Δxp, Δyp), are 

introduced into the basic collinearity equations 

as (Ebadi, 2006): 

 

 
 

where (Δxp, Δyp), are functions of several 

unknown parameters and are estimated 

simultaneously with the other unknowns in the 

equations. A complete recovery of all 

parameters (exterior orientation, object space 

coordinates, interior orientation, and additional 

parameters) is possible under certain conditions 

without the need for additional ground control 

points. This approach is called a "self 

calibrating bundle block adjustment" and it is 

very used in many applications of analytical 

photogrammetry. 
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