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ABSTRACT 

Automation of measurements in modern photogrammetry has great importance for increasing the 
effectiveness of photogrammetric processing. Application of digital image processing allows 
automation of main steps in photogrammetric technologies. Correlation matching allows solving a 
lot of tasks, connected with processes of measurements and automatic forming of terrain and 
objects models. This procedure could be used at the stages of internal orientation for measurement 
of fiducial marks of scanned images, in relative orientation of images and for automatic finding the 
position of signalized control points. 

The particularities of correlation processing procedures and their implementation for measurement 
processes are discussed. There are suggested appropriate modifications of correlation procedures 
taking into account the correspondence to the specificity of used digital images and 
photogrammetric methods for determination the initial positions of fiducial marks and tie points. 
Different patterns of ground control points are applied for automatic measurement of control points 
and their specificity of their automatic finding are discussed. The automatic measurement 
procedures are implemented in MATLAB programming environment as functions from image 
processing toolbox are used. 

The developed procedures are useful as for educational purposes because of the usage of open 
source code modules and also this approach allows flexible modification in correspondence to 
peculiarity of executed tasks, which make it suitable for investigation purposes too. 
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РЕЗЮМЕ 

Автоматизацията на измерванията в съвременната фотограметрия има съществено 
значение за повишаване на ефективността на фотограметричната обработка. Приложението 
на цифровата обработка на изображенията позволява да се автоматизират редица етапи от 
фотограметричните технологии. Корелационното съпоставяне позволява да се решават 
редица задачи, свързани с процеса на измерване и автоматизирано формиране на модели на 
терена и обектите. То може да се ползва на етапите на вътрешно ориентиране при измерване 
на рамковите марки на сканирани изображения, при взаимното ориентиране на снимки и при 
автоматичното откриване на положението на сигнализирани опорни точки. 

Разгледани са особеностите на корелационната обработка при реализацията на тези 
процеси. Предложени са подходящи модификации на корелационните процедури, като се има 
в предвид спецификата на използваните цифрови изображения и фотограметричната 
методика за предварителен избор на положението на рамковите марки и свързващите точки. 
При автоматичното измерване на опорни точки са приложени различни модели на 
маркираните опорни точки и са разгледани особеностите на тяхното автоматично откриване. 
Процедурите за автоматична обработка са реализирани в средата на програмната система 
MATLAB като са използвани основно функциите на пакета за обработка на цифрови 
изображения. 

Разработените процедури са полезни както за целите на процеса на обучение, поради 
използването на отворен програмен код, а така също този подход позволява гъвкава 
модификация в съответствие със спецификата на решаваните задачи, което го прави 
подходящ също и за изследователски цели. 

1. INTRODUCTION 
The correlation matching techniques are widely used in modern photogrammetry for automation of 
measurements procedures. They could be applied for accurate measurements of fiducial marks in 
scanned digital images in analogue photos obtained by amateur cameras or conventional 
photogrammetric cameras. Another possible field of application concerns the automatic matching 
and measurement of tie points in digital images. Searching procedures and finding the position of 
control points in images also has its particularities. For signalized control points it is also possible 
the automatic measurement of their position if there are used well distinguished shapes of targets. 
Aerial images have been one of the main sources for acquisition of geospatial information. The 
replacement of analogue photographs by digital images created a requirement for automating all 
processes connected to the determination of objects from imagery. During the last decades research 
concentrated on developing procedures for automatic orientation of aerial images, derivation of 
digital elevation models, building or road extraction etc. 
Theoretical and practical investigations on a procedure for digital image correlation are described 
by Ackermann F., [1]. The procedure is based on least squares window matching. The immediate 
aim is high precision parallax assessment, point transfer, and point measurement. Experiments and 
theory have confirmed the high accuracy potential of the correlation method. First results of 
calibration and performance of the analytical plotter system with application of digital image 
correlation are presented. 
The Adaptive Least Squares Correlation is a very potent and flexible technique for all kinds of data 
matching problems. It allows for simultaneous radiometric corrections and local geometrical image 
shaping, whereby the system parameters are automatically assessed, corrected, and thus optimized 
during the least squares iterations. The various tools of least squares estimation can be favorably 

 



utilized for the assessment of the correlation quality. The stabilization and improvement of the 
correlation procedure is achieved through the simultaneous consideration of geometrical 
constraints, e.g. the collinearity condition. Some exciting new perspectives are emphasized by A.W. 
Gruen, as for example multiphoto correlation, multitemporal and multisensor correlation, multipoint 
correlation, and simultaneous correlation/triangulation [9]. 
Image matching is a key component in almost any image analysis process. Image matching is 
crucial to a wide range of applications, e.g. to navigation, guidance, automatic surveillance, robot 
vision, and to the mapping sciences. Stereo image matching in particular is of fundamental 
importance to photogrammetry. Any automated system for three-dimensional point positioning 
must include a potent procedure for stereo image or dual image matching. Cross-correlation and 
related techniques have dominated the field since the early fifties.  
Some of the problems connected to the automatic measurement in digital images are discussed in 
the PhD thesis of M. Potuckova , 2004 [18]. It concentrates on a solution of practical tasks – 
automatic orientation of aerial images based on existing data sets, automatic check of orthoimages, 
and automatic check and correction of digital terrain models.  
An approach to automated checking and improving of DTMs is important task in digital 
photogrammetry. Corresponding points in two overlapping orthoimages could be found by means 
of area based matching. A topographic database can be used for eliminating areas where 
mismatches might occur. Experimental results based on color aerial images at the scale of 1:25 000 
and DTM derived from 5 m contour lines are reported by M. Potůčková 2005 [20]. 
Using of MATLAB in procedures of finding parameters of exterior orientation of an aerial image 
based on an existing orthoimage and checking of DTM using two overlapping orthoimages is 
described by Markéta Potůčková 2005 [19]. Main attention is paid to area based matching and its 
application to relative orientation of a stereopair of aerial images or a derivation of a digital terrain 
model (DTM). 
Finding conjugate points in two or more overlapping images automatically is one of the 
fundamental tasks in digital photogrammetry, that is usually referred as image matching. Depending 
on the matching entity (intensity values, edges, regions, or their symbolic description) several 
approaches have been developed. Area based matching (ABM) that compares intensity values 
between two image patches is a simple, effective and relatively successful method. Therefore it is 
widely implemented into most commercial software packages. Cross-correlation and least squares 
matching represent two basic approaches to ABM. 
Another approach is feature based matching [21, pp. 268-274]. As the name suggests, feature-based 
matching (FBM) employs as conjugate entities features extracted from the original gray level 
image. Most feature-based stereo matching systems are not restricted to using only a specific type 
of features, instead, a collection of feature types is incorporated. Possible types of features include 
Interest points, edges and regions. Another specific features could be corners, line or curve 
segments, circles, elipses. 
There are developed several photogrammetric packages for educational purposes in Digital 
Photogrammetry. The current implementation of an educational package for basic photogrammetric 
operations is outlined by Kalisperakis I., Grammatikopoulos L., Petsa E., Karras G., 2006 [10]. The 
context of this open-source software (MPT), developed in Matlab, is primarily the introductory 
course of Photogrammetry. Thus, the scope here is not to show students ‘how to do it’ but rather to 
clarify ‘what is actually being done’ in every step. In this sense, the stress lies mainly on basic 
photogrammetric adjustments. Students can work with one or two images at a time and perform 
monoscopic measurements of image points, lines or polylines. Exterior orientation is handled in a 
variety of ways: space resection with or without camera calibration (with or without estimation of 
radial lens distortion); linear and non-linear DLT approach (again with or without lens distortion); 
relative orientation and absolute orientation. Detailed results are presented, including standard error 

 



of the adjustment, residuals, covariance matrix of estimated parameters, correlations. 
The package of several programs is developed in MatLab environment by Bashhar Asladik. [2]. It is 
based on collinearity equations and consists of three sub-packages – space photo resection, space 
photo intersection and stereo image triangulation. The package is developed for purposes of 
demonstration and investigation. 
The integrations of methods and techniques of digital image processing with photogrammetric 
principles allows to obtain the encouraged results in automation of modern digital photogrammetry. 

2. METHODS FOR DIGITAL IMAGE MATCHING 

2.1. Stereo matching  
 Approaches to the correspondence problem can be broadly classified into two categories: the 
intensity-based matching and the feature-based matching techniques. In the first category, the 
matching process is applied directly to the intensity profiles of the two images, while in the second, 
features are first extracted from the images and the matching process is applied to the features.  

Intensity-based stereo matching  
The application of epipolar geometry change the correlation procedure implementation. The 
epipolar lines coincide with the horizontal scanlines if the cameras are parallel, the corresponding 
points in both images must therefore lie on the same horizontal scanline. Such stereo configurations 
reduce the search for correspondences from two-dimensions (the entire image) to one-dimension. In 
fact, a close look at the intensity profiles from the corresponding row of the image pair reveals that 
the two intensity profiles differ only by a horizontal shift and a local foreshortening. 
The similarity between the one-dimensional intensity profiles of the two images suggests an 
optimization process would be suitable. Indeed, Barnard S. in 1987 attempted matching the parallel 
stereo images using simulated annealing [4]. It is defined an energy function ijE  as: 

( ) ( ), ( , ( , )) ,ij L RE I i j I i j D i j D i jλ= − + + ∇  ,                                                  (1)  

where ( ),LI i j  denotes the intensity value of the left image at the i-th row and j-th column and 

( ,R )I i k denotes the intensity value of the right image at the same row but at the k-th column; D(i,j) 
is the disparity value (or horizontal shift in this case) at the ij-position of the left image.  
The above is clearly a constrained optimization problem in which the only constraint being used is a 
minimum change of disparity values ( ),D i j . This constraint is commonly known as the continuity 
constraint. 
An alternative approach in intensity-based stereo matching, commonly known as the window-based 
method, is to only match those regions in the images that are “interesting”', for instance, regions that 
contain high variation of intensity values in the horizontal, vertical, and diagonal directions. The 
simple Moravec's interest operator (1979) [16] detects such regions (correspond to regions that have 
grey-level corners) from the image pair, and it has been widely used in many stereo matching 
systems. After the interesting regions are detected, a simple correlation scheme is applied in the 
matching process; a match is assigned to regions that are highly correlated in the two images. The 
problem associated with this window-based approach is that the size of the correlation windows 
must be carefully chosen. Worse, the two windows may not correlate unless the disparity within the 
windows is constant, which suggests that the multiresolution scheme is again appropriate. 

2.2. Fundamentals of correlation method 
The applications of correlation techniques for finding of correspondent points have 

prolonged traditions in photogrammetry. The first experiments for usage of analogue correlation 

 



methods were made in the middle of the previous century (fifties). The idea is to measure the 
similarity of the template with the matching window by the estimation of correlation factor. The 
first attempts to apply the digital correlation for automatic DEM generation were conducted by 
Kreiling (1976) [11]. Comparison of commonly used correlation procedures was presented by 
Makarovic [13]. 

Cross-Correlation Factor 
The normalized correlation coefficient R is defined by the relation 
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where ( , )R m n  is normalized in range 1 ( , )R m n 1− ≤ ≤ +  
( , )LR m nσ  - covariance of image patches 

( , )L m nσ  and ( , )R m nσ  are standard deviations left image (template) and right image 
(matching window). 
The definition equations for calculation the covariation coefficient and standard deviations are as 
follow: 
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where l and k are sizes of correlation window in rows (l) and pixels (k). 
The standard deviation of pattern is fixed but the standard deviation of matching window varies 
depend on the window position. The equations for there calculations are: 
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where Lg  is mean value of grey levels in the pattern window and 

( , )Rg m n  is the mean value of grey levels in matching window. 

Classic approach of correlation matching procedure requires two-dimensional search in the vicinity 
of probable initial position of matching. The application of epipolar constraints reduces the search 
in one or several adjacent epipolar line. This maximum is found by fitting with polynomial function 
in direction of epipolar lines. The maximum position coincides with the integer values of pixel 
coordinates only in very rare practical cases. 

Steps of the Correlation Procedure  
The general steps of area-based matching with correlation as similarity measure are formulated by 
Schenk to form the following procedure [21, pp. 257]. 

1. Selection the center of the template in the first image or center of the pattern image. 
2. Determination the approximate location of the conjugate position in the second image, 

where the correspondence is trying to find. 

 



3. Selection the size of correlation window from the minimal sizes of template and 
matching windows, which have passed the uniqueness criterion. 

4. Computation of the correlation coefficients ( , )NR m n  for all possible position of 
template window within the search window. 

5. Analyses of the correlation factors and finding the position of maximum as the best 
candidate for match. To ensure the valid matching the minimum threshold value must be exceeded. 
Apart from the finding the maximum, the distinctness is determined as a quality measure. 

6. Repetition of steps 2-5 for a new template location until all positions to be matched were 
visited. 

7. Analyzes of the matching results on a global base for consistency and compatibility with 
a priori scene knowledge. 

Least-Squares Matching 
The idea of Least-Square Matching is to minimize the grey level differences between the template 
and the matching window whereby the position and the shape of the matching window are 
parameters to be determined in the adjustment process. The quality of image correlation techniques 
is estimated by Főrstner (1984) [6]. The position and the shape of the matching window are 
changed until the gray level differences between the deformed window and the constant template 
reach a minimum. The main idea of moving the matching window until the conjugate position has 
to be enlarged taking into account the deformation aspects. The various geometric deformation 
factors as orientation parameters, tilted surface patch, influence of relief lead to change of the shape 
of the matching window so that the pixels in the window become conjugate with their counterparts 
in the template. 
The radiometric and geometric transformation functions have to be introduced. For compensation of 
differences in brightness and contrast it is introduced a radiometric transformation function RT  

( , ) [ ( , )]R R mg i j T g i j=                                                                                                        (5)  

Function RT  is defined by the relation 

[ ( , )] . ( ,R m d C mT g i j g g g i j= + )                                                                                         (6)  
where  is used to take into account the brightness shift, and  is for modeling the 

contrast difference between pattern and target. 
dg Cg

The transformation function between initial and geometrically transformed window is presented by 
relation 

( , ) [ ( , )]m G mg x y T g i j=  ,                                                                                     (7)  

where  is the geometric transformation operator. [ , ]t
G x yT T T=

The affine or projective transformations could be used. This leads to four or six parameters for 
geometric transformation model. 
Finally the residuals  between the template window and matching window are 
calculated for every point in the correlation window  

( , )gv i j ( , )tg i j
( , )mg x y

( , ) ( , ) ( , )g t mv i j g i j g x y= −                                                                                 (8)  

The least-square adjustment method is applied for determination of the all parameters. The 
parameters for displacement are used for determination of the actual position of the conjugate point 
in searching window. More sophisticated model is suggested in [13], that is based on the bilinear 
interpolation in the set of four adjacent pixels in the matching window and usage the two 

 



dimensional model for grey level difference for modeling the  by relation dg

0( , )d xg i j g h x h yy= + +                                                                                      (9)  

The matching by least-square adjustment is non linear procedure and requires iterative solution. 
Finally the most probable position and estimation of errors are obtained as the result of this 
procedure. The conjugate point to the template’s center is the center of the matching window after it 
has been transformed into its final position and shape. 

2.3. Feature-based matching 
Most feature-based stereo matching systems are not restricted to using only a specific type of 
features, instead, a collection of feature types is incorporated. For instance, the system proposed by 
Weng J. and others in 1988 combines intensity, edges, and corners to form multiple attributes for 
matching [22]; Lim and Binford (1987) [12], on the other hand, proposed usage a hierarchy of 
features varying from edges, curves, to surfaces and bodies (2-D regions) for high-level attribute 
matching.  

Types of features for matching 
Edge elements: There exist many edge operators for finding edge elements from an image. The 
attributes of edge elements used for matching can be: coordinates (location in the image), local 
orientations (or directions), local intensity profile on either side of the edge elements (e.g. from dark 
to light, or from light to dark). 
Corners: The earliest corner detector is probably Beaudet's (1978) rotationally invariant operator 
called DET [5]. Attributes of corners that can be used for matching: coordinates of corners, type of 
junctions that the corners correspond to (e.g. Y-junction, L-function, A-junction, etc.).  
Line segments: To extract line segments from an image, an edge operator must first be applied. 
Line segments are then formed by a linking and merging operation on the detected edge elements 
based on some criteria such as distance, similarity, and collinearity measures. Attributes of line 
segments that can be used for matching: coordinates of end-points, mid-points, orientation of line 
segments.  
Curve segments: The matching of curve segments has not been widely attempted, the reason is 
probably due to the ambiguity involved - every point on a curve is likely to be matchable with every 
other point on another curve.  
Circles, ellipses: These features are present mainly in indoor scenes and applicable to detection of 
defects on industrial parts. Attributes that can be used for matching: areas in pixel units, coordinates 
of the centre of the geometric figures.  
Regions: Regions can be either defined as blobs (e.g. detected by a region growing algorithm) in 
the image or defined as polygonal regions bounded by line segments. Regions in the form of blobs 
have irregular boundary and may not match perfectly with regions from another image [21, pp. 269-
270]. For polygonal regions, attributes that can be used for matching include: areas of regions, 
bounding line segments of regions, locations of regions' centroids. Polygonal regions are very high-
level features and could be costly to extract.  

2.4. Matching constraints  
Stereo matching process is a very difficult search procedure. In order to minimize false matches, 
some matching constraints must be imposed. Below are shown several of the commonly used 
constraints. 
Similarity (or compatibility Grimson, 1981 [8]). For the intensity-based approach, the matching 
pixels must have similar intensity values (i.e. differ lower than a specified threshold) or the 
matching windows must be highly correlated. For the feature-based approach, the matching features 

 



must have similar attribute values.  
Uniqueness is defined by Marr and Poggio, 1979 [15]. Almost always, a given pixel or feature 
from one image can match no more than one pixel or feature from the other image.  
Continuity is another constraints formulated by Marr and Poggio, 1979. The cohesiveness of 
matters suggests that the disparity of the matches should vary smoothly almost everywhere over the 
image.  
Ordering is defined by Baker and Binford, 1981 [3]. If 'm m↔ and 'n n↔ and if m is to the left 
of n then m' should also be to the left of n' and vice versa. That is, the ordering of features is 
preserved across images. The ordering constraint fails at regions known as the forbidden zone 
where the ordering is not satisfied. 

3. CORRELATION METHODS FOR DIGITAL IMAGE MATCHING USING MATLAB 
Some methods for calculation of distance could be executed with technique of vector calculations or 
using for and while operators. The matrix vector expressions are more elegant in comparison with 
wide used distance measure techniques by which reason need more attention [7]. The generalization 
of such expressions have the following presentations. 
Euclidean distance between two n-dimensional vectors (vector-row or vector-column) could be 
defined by the expression: 

( ) ( )
1 22 2

1 1, ... ( )n nd x y x y⎡ ⎤= − = − = − + + −
⎣ ⎦

x y x y y x                                     (10)  

The expression presents length of vector of difference between two vectors, so the 
calculation by norm function of MatLab has the formulation: 

( )d = norm x y−  ,                                                                                              (11)  

where  and  are vectors corresponding to x  and  in similar equation for distance 
.  

x y y
( ),d x y

The necessity for calculation of set of vectors between vector y and every member of 
distribution of p n-dimensional vectors, arranged as row of matrix X with dimensions p n×  For 
correct ordering the dimension of y have to be 1 n× . The distance between y and every member of 
X could be stored in vector with dimension 1p × : 

( )(( ) )( )sqrt sum abs ,  ,  1 . ^ 2,  2d = −X repmat y p ,                                           (12)  

where  is Euclidean distance between ( )d i y  and  row of thi X  [i.e. ]. It is 
important to mention that function repmat is used for multiplying of vector row y p times and by 
this way to form matrix with dimension 

( ,  :iX )

p n×  to correspond to the dimension of matrix X. The 
value 2 of last parameter of function sum have to applied over the two dimension of matrix, so the 
sum operation have to be applied over elements of every row. 

4. APPLICATION OF CORRELATION MATCHING TO MEASUREMENTS FOR 
ORIENTATION PROCEDURES IN PHOTOGRAMMETRY 

4.1. Finding position of fiducial marks measurements 
Finding accurate fiducial marks position requires preparation of image pattern for fiducials used in 
processed images. The scanned images of photos from corresponding camera type are used. The 
image region with center coincident with the center of fiducual mark is used. Several examples of 
images have to be averaged for this purpose. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Patterns of fiducial marks for camera Wild RC 30 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 

      а) corner fiducial mark                                                   б) frame fiducial mark 

Figure 2. Image processed in internal orientation procedure 

Mark position is searched within the defined search window, which center is set in the probable 
position of corresponding fiducial mark. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Search window for the first fiducial mark 

The discrete form of the surface of correlation function in the search window is presented in 
figure 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Graphic presentation of correlation function for the first fiducial mark. 

The obtained position of fiducial mark is defined by the maximal fitting between the  window in the 
target image and the mark pattern. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Image patch containing the position of fiducial mark with superimposed the mark pattern 

This procedure could be repeated for all fiducial mark in image. The correlation procedure ensures 
finding the accurate position of all mark in digital photo. 
The obtained values fiducial marks centers are included in procedure for calculation the parameters 
of internal orientation. 

4.2. Automatic measurement the coordinates of tie points 
The correlation matching procedure could be used for finding the coordinates of conjugate points in 
digital images. The schematic distribution of tie points is necessary to be defined initially. There are 
possible different configurations of tie point. The minimal number of tie points in relative 
orientation of stereo pairs is supposed to be 6. The number of tie points are increased for some 
schemes in digital photogrammetry. In cases when some initial values of overlap coefficient is 
known it is possible to define the position of pattern areas in left image and then to calculate the 
corresponding areas in right image. The position of tie points in left image are used to extract the 
patterns of corresponding tie points. The position of maximum of normalized cross-correlation 
function is used to define the coordinates of processed tie point. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Input left (RGB) image of stereo pair 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Pattern mask of the first tie point, obtained from left image 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Right image of stereo pair 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Search area of first tie point in the right image of the stereo pair 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Graphical presentation of correlation function for search area for first tie point 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 11. Image patch in right image with superimposed the tie point pattern in the obtained position in 
right image 

The position and coordinates of conjugate tie points are calculated in the similar manner. The 
coordinates of at least 6 tie points give the possibility to calculate the relative orientation 
parameters. 

 



4.3. Measurements of signalized control points 
This procedure could be applied to signalized ground control point. The measurement of control 
point requires forming the pattern for searched point with specified shape. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12. Patterns of GCP with different orientation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. Image processed in GCP position measurement 

                                                   

а) pattern of GCP without rotation                            б) pattern of GCP rotated at 180 degree 

GCP position is searched within the defined search window, which center is set in the probable 
position of control point. To calculate this position it is necessary to use approximate position of 

 



digital image in object coordinate system, the space coordinates of control point, camera constant 
and flight height. The rotation angle of image is used for more precise determination of initial 
control point position. More sophisticated procedures could use all orientation angles of image. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. Search window for GCP with number 6720 

The discrete form of the surface of correlation function in the search window is presented in 
figure 15. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15. Graphical presentation of correlation function for GCP with number 6720 

 



The obtained position of GCP is defined by the maximal fitting between the window in the target 
image and the GCP pattern. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. Image patch containing the position of GCP 6720 with superimposed the GCP pattern 

The same procedure could be applied for finding the GCP position in corresponding image of stereo 
pair. Another possibility is to apply the procedure for tie point measurement in stereo image.This 
procedure could be repeated for all control points in image. The correlation procedure ensures 
finding the accurate position of all control points in digital stereo images. 

5. DISCUSIONS AND CONCLUSIONS 
The correlation techniques are widely used in modern digital photogrammetry. Different 
modifications of correlation matching are applied for initial or precise finding the position of 
searched element. 
The correlation matching could be applied for measurements at different stages of photogrammetric 
processing. The applied approachs are similar in sense of digital image processing techniques. The 
difference is based on used pattern and initial defining of parameters of search window: size of 
search window, position of window center and size of the pattern window. For measurement of 
fiducial marks are generated pattern of fiducials for selected analogue cameras. The positions of 
fiducial marks, that are relative to the camera frame, are well defined by the calibration parameters 
of camera and initial position of fiducial marks could be determined very accurate. This allows 
defining small size of search window and determination of fiducial is accurate and reliable and 
accurate determination of position. The measurement of tie point requires the selection of model of 

 



space distribution of tie points which depends on the preferred number of tie points. The pattern 
windows is defined from leading image that is usually left image. The reliability of correlation 
finding of tie points depends on the autocorrelation function in the vicinity of based window. The 
technique for control points determination depends on the shape of the signalized points used in tis 
procedure. In case of asymmetric control point it is necessary to used patterns with different 
orientation because the orientation of target in processed image is not preliminary known. 
The experimental results confirm the possibility for determination of fiducial marks, tie points and 
control points in processed images. The procedures, that are described above, allow to automate full 
sequence of photogrammetric processing. 
The advantage of implementation of procedures in MATLAB environment is that it is possible to be 
used not only for calculation of image photo adjustment but also for interactive educational 
procedures. 
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