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1. Motivation 

 

The development of information technology in the XX. century has a great influence on 

engineering fields, such as geodetic and photogrammetric evaluation and processing. Recently a 

significant part of the photogrammetric research activities deals with automated interpretation, 

processing and evaluation; my thesis is focusing on these areas. 

Both the identification of natural objects and the automatic mapping of man-made ones are 

incorporated in these types of investigation. In the field of artificial object recognition primarily 

references on building and road network evaluation can be found in the scientific literature. This type 

of development activities are in progress in the Department of Photogrammetry and Geoinformatics at 

the Budapest University of Technology and Economics, principally in the field of road network 

identification. The first part of my thesis presents the development works concerning this area, 

complementing with the mapping possibilities of natural objects (reedy areas). 

The automation of the evaluation is not limited to the identification of natural objects. Frequently, 

the homogeneous surfaces (roadways) do not supply sufficient support for matching the homologous 

image parts, even when performing conventional evaluation. In such cases supplementary information 

are necessary, which can be performed e.g. by projecting signs or patterns onto the surface. The 

evaluation of these markings can be efficiently computerized. The second part of the thesis presents 

an example on this topic, which has been carried out in course of the industrial experimental 

development project at the department.    

 

2. The aim and tools of the investigation 

My thesis presents two essential areas of the automation of aerial photo evaluation. In the field of 

artificial objects the identification of road junctions was investigated. Actuality of this issue is 

provided by the efficient semi-automatic mapping techniques (e.g. the ones based on Kalman filter, or 

active contours) suitable for road network recognition, but these procedures require initiation. 

Therefore developments dealing with the automatic identification of the emphasised points of the road 

network (such as junctions) are especially important. The junctions can constitute the initiation points 

of semi-automatic algorithms. 

This area is addressed by a joint research program “JEANS” (Junction Extraction by Artificial 

Neural Network System) of the Department of Photogrammetry and Geoinformatics at the Budapest 

University of Technology and Economics and the Institue of Photogrammetry and Geoinformation at 
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the Hannover. The need for increasing the robustness of junction recognition arose during the 

elaboration of this project.  

Besides imagery information, the goal of my development work was to extract the junctions of 

rural roads on aerial photos with the possible greatest level of automation.  

I used Hough transformation for my research, which is well known from image processing and 

suitable for the identification of simple formations (straight lines, stretches, parametrically defined 

curves) in binary images. The fundamentals of this process, which may be less known in Hungary, are 

presented in my thesis. Significant advantage of this process is its scale- and rotation independency, 

which is essentially important in object recognition. The rotation independency was retained by the 

process developed during my research, while the preliminary estimation of the scale dependent factors 

can be performed by the simple formulas presented in my thesis. 

The possibilities of identification of natural objects are discussed through the example of mapping 

reedy areas. For the accomplishment of this work the process based on so-called active contours 

(snakes) was used. The mathematical principles of active contours are briefly described in the thesis. 

It is presented that the algorithm well known from computer vision can be effectively used for change 

detection in geoinformation systems. Their role can be especially interesting if the evaluation of the 

previous state is available; it can be used as initiation points of contours. Thus the initially semi-

automatic technique can be transformed to a completely automated one. Mapping of reedy areas 

provides a suitable example for this issue. Periodically a reed cadastre is prepared for the biggest lakes 

in Hungary. The result of the previous survey can serve as an initiation point for the forthcoming 

evaluation. Based on this initiation the borders of each reedy area as active contours can automatically 

define the new border positions.           

The second part of my thesis deals with the automation of close-range photo evaluation. In course 

of an industrial experimental project I developed the imaging module of a road pavement detection 

mobile mapping system. In my thesis the photogrammetric application of industrial video cameras as 

well as the imaging features of non-metric cameras and a potential camera calibration process is 

discussed. 

During the development phase the evaluation was performed based on projected laser points 

because of the homogeneous surface of the road pavement, as it was mentioned in the introduction. 

The evaluation of the point signs having different intensity values than their surroundings can be 

performed not only by conventional methods, therefore investigation was carried out on the automatic 

recognition of the point signs. In order to perform this task a process based on ellipse fitting is 

introduced, and the ways of eliminating improper recognition are discussed. Having recognized the 

laser point signs on each image, the following step is image matching. Concerning this issue, I 

developed simple formulas based on the advantages of fixed geometry. During the evaluation phase of 
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road pavement detection, the application of conventional geodetic and photogrammetric methods is 

limited in case of several road impairment types, e.g. road cracks. In the last chapter of the thesis an 

image processing algorithm is proposed for the detection of this types of road ruptures.  

Most of the investigations were conducted based on my own development activities, using open 

source image processing function library (Intel OpenCV). 

 
3. New scientific results 

 

The achieved scientific results described in my thesis are enumerated in the form of theses as follows: 

 

1. A process was developed for the automatic extraction of road junctions based on the 

Hough-transformation in ortophotos. 

An algorithm was developed based on the Hough transformation, which is a well-known tool in image 

processing, for the automatic mapping of rural road junctions. The rotation- and scale independency 

of the process was investigated and suggestions were made for the selection of the parameters of the 

transformation. The recognised junctions can serve as the basis of several semi-automatic mapping 

processes, such as those based on active contours or Kalman filter. 

 Publications: [2], [3], [6] 

 

2. A process based on active contours was proposed for the mapping of change-detection of 

reedy areas. 

The potential of application of active contours (snake algorithms) in geographic information systems 

were investigated. Recommendations were made for their application in change-detection of 

geometric data expecting significant reduction of manual post-processing. 

Publications: [2], [3], [6] 
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3.    An algorithm was developed for the determination of the preliminary point locations of 

fixed geometry evaluation tools based on projected point sign recognition.  

A process was developed for the recording of video signs capable of photogrammetric evaluation of 

non-metric industrial video cameras as well as for the adjustment of the fundamental camera 

parameters. For the identification of the preliminary point locations of fixed geometry evaluation tools 

based on projected point sign recognition a method based on the summation of the images and 

Hough-transformation of the obtained “accumulator image” was developed. The identified point signs 

enable the matching of image pairs in course of further processing, thus increasing the robustness of 

evaluation.  

Publications: [2], [3], [6] 

 

4.   A novel method was developed for projected laser point sign identification, and image 

matching. 

In order to detect laser point signs a process based on ellipse fitting was applied. It was presented that 

by utilizing the advantages of fixed geometry the incidental improper identifications can be avoided 

based on the perimeter and the area of the ellipses. Beyond generating normalized image pairs 

enabling one-dimensional correlation in fixed geometry recording systems and the application of core 

radius geometry a process was developed for the matching of image pairs. 

Publications: [2], [3], [6] 

 

5. I developed an image processing method for the identification of road surface 

irregularities. 

Suggestions were made for the recognition of road surface impairments (principally pavement 

cracks) and for image processing tools for the road surface qualification. Considering the optical and 

perspective distortion parameters, I eliminated the location dependence of the identification.  

 

Publications: [2], [3], [6] 
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4. Utilization of the results and possibilities of development  
 

This thesis outlines the practical application of the obtained results as well. In my research 

significant efforts were made to deal with developments resulting in direct practical benefits. By 

spreading the raster based data acquisition techniques the recently less known fundamental algorithms 

of the presented processes (Hough-transformation, active contours) can become the tools of the 

everyday practice by means of CAD, and GIS based image processing program packages  

In my opinion the Hough-transformation based junction extraction algorithm can be successfully 

adapted for other development purposes, thus increasing the robustness of identification. 

The application processes based on active contours can be feasiblien several geoinformation 

systems dealing with change-detection, primarily in vegetation mapping.  

The developments regarding the automatic identification of point signs can be adapted for 

surfaces where detecting tie points is difficult or impossible. Besides road pavement detection, same 

kind of problems  are present in close-range photogrammetry, e.g. in surveying mine walls, or in 

medical photogrammetry.  

The image processing based road crack detection provides an inexpensive, but objective 

classification technique that can be reasonably applied (with further developments) in the domestic 

road condition surveying procedure.  
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