
XXIV
-th   

INTERNATIONAL  SYMPOSIUM 
 

MODERN TECHNOLOGIES, EDUCATION AND PROFESSIONAL PRACTICE IN 

GEODESY AND RELATED FIELDS 

November 6 – 7, 2014, Sofia 

 

 

 

 

APPROACHES TO DIGITAL SURFACE MODELLING  

FOR PURPOSES OF IMAGE ORTHORECTIFICATION 

 

Elitsa V. Tasheva (BG) 

 

Keywords: Digital Photogrammetry, Digital Surface Modelling, Digital Orthrectification, Correlation 

Matching, Stereo Mapping, Laser Scanning 

ABSTRACT  

 

The aim of this investigation is to make comparison of different approaches to digital surface modelling. The 

application of modern photogrammetric technologies requires different types of models such as the terrain 

model, digital elevation model and digital surface model. The digital elevation model is used for purposes of 

land management, architectural planning and geodetic design. The digital surface model (DSM) is a 

combination of the digital elevation model (DEM) and the models of artificial objects. DSM is used mainly 

to perform tasks of orthorectification which takes into account the spatial shape and distribution of object 

surfaces registered in photogrammetric images. Different approaches are used to produce types of models 

which depend on the initial data sets and methods of processing. The main approaches used could be 

classified according to the degree of automation. The most recent automatic approach for capturing and 

producing data for buildings and the terrain is laser scanning based on an active data acquisition system 

covering spatial information about the target position and radiometric measurement of the pixel intensity in 

relation to the surface reflection properties. Another automatic approach is based on the correlation matching 

of digital stereo images which applies a very sophisticated geometric model by using epipolar images and 

artificial intelligence methods for image interpretation. The semi-automatic approach is based on computer 

aided methods for digital stereo mapping of the terrain and objects. The photogrammetric technologies 

permit obtaining more detailed information about elevation models and undoubtedly more precise 

orthorectification of digital images compared to other geodetic approaches. The selected criteria for 

comparing different approaches are: accuracy of the end product, reliability of the model produced, 

conformity of the model with the real surface, computation time, production costs and efforts. This allows 

selecting an appropriate approach depending on the particular data and purposes of DEM/DSM application. 

 

1. Introduction 

 

Nowadays there is an increasing demand for 3D urban models produced from Earth observation data. Such 

models contain a whole set of buildings superimposed over the accurate DEM. 

The properties and parameters of surface models produced have to be relevant to the purposes of the tasks to 

be solved. The approaches to urban objects modelling, DEM and DSM generation, methods for calculating 

model parameters and areas of their application are very different. The proper selection of an approach to 

creating models and methods for object and terrain modelling is of great importance for high quality true 

orthophoto production as well as geodetic planning and design.Therefore, the topics concerning model 

production have been and are being widely investigated. Many researches have focused on the problems of 



the digital elevation model generation from different data sources and have made experiments with different 

approaches. The results obtained by researches vary according to the ground control point distribution, 

topography, reference data for the accuracy assessment and selected approach. 

This paper compares the three most widely used approaches to DEM generation from spatial data collected 

by different acquisition systems which are laser scanning, image matching from stereo images and operator 

controlled measurements. The selected criteria for this comparison are as follows: accuracy of the end 

product, reliability of the model produced, conformity of the model with the real surface, computation time, 

production costs and efforts. 

The aim of the present research is to suggest a technique for proper selection of one of the approaches 

discussed above that is most adequate for the respective terrain type (plain, hilly, mountainous, high 

mountainous), type of the vegetation coverage (uncovered, low vegetation, bushes, trees), man-made objects 

(in non-urban and urban areas), type of data acquisition system and the application field of the model 

produced. 

The further development of this conception will make it possible to formulate a method for automatic 

selection of the modes and parameters for the extraction of elevation data using mainly the properties and 

possibilities of the second approach to DSM/DEM generation. 

Section 2 represents a brief theoretical review of the three existing approaches as follows: laser scanning, 

stereo image matching and digital stereo mapping. The laser scanning approach consists of four groups of 

algorithms which are most commonly used for separating the points from the point cloud. The second 

approach consists of data extraction by the image matching procedure. Area and feature-based methods are 

described. The last part of this section is focused on the advantages and disadvantages of the digital stereo 

mapping approach. Section 3 contains suggestions for a technique for proper selection of one of the 

approaches. The implementation of the suggested technique is presented in Section 4. The conclusions are 

drawn in section 5. 

 

2. A brief theoretical review of the three existing approaches 

 

2.1. Airborne laser scanning 

 

An airborne Laser Scanner allows scientists and mapping professionals to examine both natural and 

manmade environments with accuracy, precision, and reliability. The dataset obtained by laser scanning 

systems consists of a dense, detail-rich group of elevation points, called a “point cloud.” Each point in the 

point cloud has three-dimensional spatial coordinates that correspond to a particular point on the Earth’s 

surface from which a laser pulse was reflected. From these datasets we generate a digital surface model 

(DSM) which consist not only of the terrain surface but also of trees and man-made structures. It is necessary 

to distinguish the terrain surface and create a digital terrain model (DTM) that expresses the bare earth by 

removing trees and buildings from DSM. This process is called "filtering" by Badea and Jacobsen (2008) and 

it means separation of points [1]. 

 

The election of appropriate data processing methods for the generation of different types of models is still 

being researched. In order to produce digital models, filtering and quality control pose the greatest 

challenges, consuming an estimated 60–80% of processing time - Flood (2001), thus emphasizing the 

necessity for research in this field [3]. 

 

Manual classification of the data is practically impossible because of the large number of scanning points. 

This problem is solved automatically by using a special data classification or filtration algorithms, some of 

which used in commercial software. The developed algorithms are still not completely efficient and therefore 

manual check and correction of the automatic process are necessary. For large data sets (which often contain 

over 100 million points) the increase of correctness in the automatic process contributes to the decrease of 

manual work. In this way, the final product, i.e. DTM is cheaper and can be obtained faster. 

http://celebrating200years.noaa.gov/magazine/tct/tct_side1.html


Each filtering algorithm achieves best results only when specific surface conditions are met. The results of 

the performance vary with surface types and covering. For example, for a particular terrain type it is 

necessary to apply a specific filtering algorithm. Without understanding the assumptions of various filters, 

the processing of the data will be undoubtedly difficult [10]. 

The ground surfaces have unique characteristics that confound certain filters. The following features often 

confound filtering algorithms: shrubs, especially those below one meter; short walls along walkways; 

bridges; buildings of different size and shape; hill cut-off edges; complex mixed covering; areas combined 

with low- and high-relief terrains; lack of reliable accuracy assessment. 

Below four of the more important principals applied to filtering are briefly described. 

The first filtering algorithm is based on the use of raw data. The raw laser is sent towards the Earth where it 

is reflected by a feature and then returned back to the system. A receiver then captures the return pulse. The 

input raw data has rectangular coordinates X, Y, Z and return information as the attributes. The first pulse 

and last pulse points represent the first and last returns of the emitted laser pulses, respectively.  

Matikainen, Hyyppä and Kaartinen (2009) made a comparison between the first pulse and the last pulse laser 

scanner data and made a conclusion that the use of the last pulse instead of the first one can improve the 

results of automatic building detection [9]. 

Other researchers made experiments and the results indicated that the difference between the first and the last 

pulse is a valuable feature for tree species classification. It gives 89% reliability for differentiating the 

coniferous and deciduous trees under leaf-off conditions [7]. 

Another study shows that in vegetated areas there is a clear difference in the heights of the first pulse and the 

last pulse points, which provides useful information on the existence of vegetation. This information has also 

been used in several building detection studies to distinguish buildings from trees [16]. 

In these cases an important consideration is the need for using a pulsed laser. 

The second filtering algorithm is based on the use of intensity. The intensity delivers detailed information 

about the reflectance characteristics of the surface in the laser wavelength, which is typically in the near 

infrared spectra. 

Schreier, Lougheed, Tucker and Leckie (1985) use intensity measurements, combined with height, for the 

classification of vegetation types [15]. They found that pure broadleaf forests showed reflectance values that 

are significantly higher than those for pure conifer forests.  

Yunfei, Guoping and others (2008) suggest a statistical algorithm for quick separation of ground and above-

ground points in a forested area [17]. This method is based on intensity information and theoretical 

considerations about the interaction of the laser beam with different targets. Laser interaction with an 

extended target is different in many ways from interaction with point targets. The intensity changes with 

elevation. Therefore a few vegetation points with higher intensity are classified as ground points, and a few 

ground points are classified as above-ground points. 

The third filtering algorithm is based on the extraction of the planar shape features from object areas. Zhou 

and others (2008) examine this filtering algorithm using the Canny operator and Hough transform [18]. They 

made experiments for extraction of objects of different shapes: line segment, circle and objects of irregular 

shape. The results show that the line segments are extracted well and truly; using Hough transform it is 

possible to extract one circle and several arcs in object boundaries as well; for boundaries of irregular shape 

it is possible to find similar objects corresponding to the selected pattern of the building after performing the 

generalized Hough transform. 

The fourth filtering algorithm is based on the detection of subsets of points which form geometric primitives 

such as planes, cylinders, spheres, etc. The basic idea is that most man-made objects can be decomposed into 

parts corresponding to geometric primitives. Schnabel, Wahl and others (2007) demonstrated that for a wide 

range of frequently encountered structures [14]. Their approach is very well suited and can deliver results as 

expected by the user. However, the system is unable to deal with cases of semantic entities that cannot be 

defined as configurations of primitive shapes, e.g. if trying to detect ornate frescos. 

All the algorithms described above and most of those developed are not fully efficient. They give reliability 

between 80%-90%. Therefore, a need arises to use additional information, or another kind of filtering 

algorithm, or finally manual processing. This may increase the costs and efforts. 



2.2. Stereo image matching 

The most common approach in digital photogrammetry is stereo image matching which is used when the 

initial data sets are represented by digital photographs. The essence of the stereo image matching procedure 

consists in matching of points from one digital image with the corresponding points in the second image of 

the stereo pair. This approach is used in the relative and absolute orientations of stereo pairs, 

aerotriangulation, or DTM generation. 

Matching ‘pixel by pixel’ over the whole overlapping area of digital images leads to an enormous amount of 

calculations. Therefore the most common methods used to solve this task are area- and feature-based 

methods. These two methods are based on the proper choice of a matching entity (a primitive that is 

compared with a primitive in other images) and a similarity measure (a quantitative measure evaluating the 

match of entities). 

The area-based method is a statistical comparison of two similar sized images. The first one is usually a 

pattern with a fixed size (m x n pixels, mostly m=n) and the second one is the original image which is larger 

than the pattern. Therefore it is divided to patches with a size equal to the pattern. Then the pattern is 

compared with the patches in restricted area in the original image called a search area or window. The 

pattern must be generated according to the different size and orientation of the object that we want to find in 

the original image. Thus the approximate position of the corresponding point can be derived. In this case the 

key issue is the choice of the size and location of the pattern and the search window. A large size pattern is 

not a good choice because steep slope areas and areas with a repetitive structures or low contrast can 

aggravate the result. Water or sand areas are typical examples where image matching techniques fail. On the 

other hand, a very small size of the pattern leads to increasing the computation time.  In order to avoid 

mismatches, the position of the search window must be determined accurately in area-based matching. 

Approximations of calculated parameters (e.g. orientation parameters, DTM) and a hierarchical approach are 

usually used for this purpose. The size of the search window depends on how precise it is located and on the 

geometric deformations due to relief and image orientations [11].  

In photogrammetry, cross-correlation and least squares matching are the techniques mostly used for area-

based matching. The comparison between the pattern and the original image is carried out by shifting the 

position of pattern pixel by a pixel over the search window. Then in any position a value is calculated giving 

a measure of correspondence. In this procedure the correlation coefficient has been proven to be useful 

because it represents the sum of the square of the differences between pixel values in the pattern and in the 

original image. The absolute value of the correlation coefficient ranges between 0 (meaning that both areas 

are completely different) and 1 (meaning that they are identical). In practice, the correlation coefficient will 

never reach value 1 because the two images are normally not completely identical due to their geometric and 

radiometric differences. The correlation coefficient can also be high in locations where the image intensity is 

high, even if it does not match the pattern well [5]. 

Another technique used for area-based matching is least squares matching. Its idea is in minimising 

differences between the pattern and search image patches in an adjustment process where geometric and 

radiometric corrections of one of the matching windows are determined. The method permits automatic 

changing of the number of parameters and weighting observations depending on their importance and 

numerical stability of the solution. An important condition for successful LSM is to find an approximate 

position of the search area relatively accurately [11]. 

Many researchers have studied the area-based methods and their conclusions are that these methods are 

simple and powerful tools for image matching. Nevertheless, there are conditions where these methods have 

failed. Therefore they are used together with other procedures for improving the results. 

Joglekar and Gedam (2011) describe an algorithm using three methodologies: zero mean normal cross 

correlation, Hausdorff distance and texture analysis [6]. In this method the basic units used for matching are 

the regularly sized neighborhoods of a pixel. The position of the given pattern is determined by a pixel-wise 

comparison of the image with a given template that contains the desired pattern. The size of the search 

window is decided by considering the horizontal and vertical disparity measured by visual inspection of the 

stereo image pair. As a result, the authors claim that the method removes most of the outliers and the 

accuracy of matching is improved compared to any single method. 

Other methods used for image matching are feature-based methods, proposed by Förstner (1986). The 

essence of these procedures is to detect and match the extracted features as points, edges, or regions [4]. We 



can detect single points by a different operator. Potůčková (2004) examines three interest operators, namely 

the operators of Moravec, Förstner, and Dreschler [11]. The results show that the Moravec and Förstner 

operators perform better with finding interest points under different geometric conditions. Other primitives 

used in feature-based method are edges and regions. This task is reduced to detecting the abrupt changes in 

the pixel values that often correspond to physical boundaries in the object space. Edge detection is 

accomplished by different operators such as the gradient operator, Sobel operator and Laplacian operator. 

They calculate the first or the second derivative of the grey level function. The first two operators are 

direction-dependent while the last one is independent. Noise has a major influence on the procedure for edge 

and region detection. Therefore, before applying the operator for detection we must first reduce the noise in 

the images. To improve the results, the feature-based methods should be used in combination with other 

procedures for image processing.  

 

Maas (1996) presents a new development based on the extraction of discrete points by an interest-operator 

and epipolar line intersection techniques in multiple overlapping images for automatic DEM generation [8]. 

The technique shows satisfactory results and high reliability; independence from terrain slope; matching of 

discrete points avoids smoothing effects connected with many area-based DTM generation methods; good 

precision due to the subpixel interest operator and measurement in multiple images. 

 

Most algorithms in computer vision and digital photogrammetry are based on the assumption that a digital 

stereo pair is registered in epipolar geometry (fig.1). The concept of epipolar geometry is based on the fact 

that all epipolar lines in the image are parallel. Epipolar lines are intersections of an epipolar plane and image 

planes. The epipolar plane is defined by two projection centres and an object point P. Therefore, conjugate 

points P’ and P’’ must lie on corresponding epipolar lines e’ and e’’. In order to make matching along 

epipolar lines easier, images can be transformed to the so-called normalised images [11]. 

 

 

 

 

      

 

 

 

 

Figure 1. Principle of epipolar geometry. An 

epipolar plane is defined by projection centres 

O1 and O2 and a object point P. Epipolar lines 

e’ and e’’ are intersections of the epipolar 

plane with the image planes.  



 

Area-based methods and feature-based methods are powerful tools for image matching. These two methods 

have undergone considerable development over the years and are used in various combinations to improve 

the results. Nevertheless, there are some problems that have to be solved when applying these techniques. On 

the one hand, there is a need to transform the digital images which is a complex task. On the other hand, the 

choice of the size and location of the pattern and the search window depends on several factors such as the 

slope of the terrain and the texture of the covering. These methods give poor results when the contrast and 

brightness are different in the two images; when the images are taken in urban areas and there are many high 

buildings which obscure parts of the terrain. Therefore there is a need for additional procedures. 

After applying the methods described above, sets of points and lines are obtained. These sets are the initial 

information for DSM and DEM generation. In the cases when the purpose is DEM creation, only these points 

and lines are used which describe the bare Earth. Feature-based methods are very good for detection of 

buildings and are applied when the task is digital building model production. 

2.3. Digital stereo mapping 

In the past, almost all procedures in the photogrammetric work flow were manually performed by the 

operators. But these procedures are time- and cost-consuming. Therefore there is an increasing demand for 

automation of the processes. In recent years, computer technology and digital image processing technologies 

have developed considerably providing conditions to perform the photogrammetric procedures automatically 

or semi-automatically. Making the processes automatic is aimed at increasing the speed of collecting data 

and reducing costs. But there are still some conditions under which the automatic procedures fail such as low 

contrast in the images; image noise; lighting conditions, shadows; occlusions; small building features. That 

requires the intervention of the human operator.  

The first step in the photogrammetric work flow is to establish the geometrical relationship between images 

and the object space. Therefore we have to perform two basic procedures: Interior orientation and Exterior 

orientation [13] which can be done manually or automatically. In the sense of the semi-automatic approach 

the procedures of orientation are automatically performed. Automatic Interior orientation basically consists 

of three stages: coarse location of the fiducial marks; fine location of the fiducial marks; determination of the 

camera pose. The automation of Exterior orientation comprises two steps which have to be treated in 

different ways: automatic measurement of tie points; automatic measurement of control points as explained 

by Rottensteriner (2001) in his PhD thesis [12]. For the automation of these two measurements area-based 

image matching techniques are usually used. 

After the spatial model is reconstructed we can start to measure the points of interest. The second step in the 

photogrammetric work flow is digitizing the necessary information manually by the operator. For DEM 

generation the necessary information are points of contour lines and elevation data. For Digital Model of 

Man-Made Objects generation the necessary information are points from different objects such as building, 

roads and others. For DSM generation we have to combine the data obtained on the DEM and Digital Model 

of Man-Made Objects. 

In the process of digitizing features that can be extracted automatically (roads, lakes, etc.) are processed 

first.The remaining points and line features that cannot be extracted automatically (small paths, fences, etc.) 

are registered manually by the operators [2]. The degree of automation which can be achieved depends on 

the complexity of the task to be solved: in some cases such as DEM generation in areas without buildings for 

topographic mapping, the degree of automation can be very high whereas in building extraction from densely 

built-up areas, human interaction remains an important part of the work flow even though the amount of 

work to be done by the human operator can be reduced considerably [12].  

This step contains tasks such as object recognition, interpretation, feature extraction and registration of the 

points. Photogrammetric feature extraction is the major component of the model production process in the 

sense of time and costs spent. Minimizing this step by decreasing the role of the operator can affect the costs 

directly in a positive way. Therefore, it is essential to integrate automatic feature extraction developments 

into the model production systems. Such a technique allows producing a balance between automatic and 

manual data capturing. 

For the object recognition and point registration we can use some types of algorithms but the interpretation is 

a more complex task. Despite the embedded algorithms of artificial intellect in the modern systems there are 

tasks which still cannot be executed automatically. 



Although saving almost 50% of the processing time, automatic procedures are not always able to recognize 

the objects correctly. Therefore, the extracted features are examined by the operators again for the 

cartographic and topologic rules and then the corrections required are made. There are still no perfect 

systems that can replace the human operator. The models obtained by human operator are more reliable and 

give satisfactory conformity with the real surface. 

3. Comparison: 

The comparison is done with two different functions. The selected relation for the accuracy of the end 

product and reliability and conformity of the model with the real surface is an exponential function and for 

the computation time and production costs and efforts the relation  is a logarithmic function.  

The interval of variable x is determined by expert assessment. 

3.1. First criterion: accuracy of the end product – the selected relation for this criterion is an exponential 

function. The general form of the function is: 

1
( ) xf x c a

b
                                                                                                                                      (1) 

The interval of changes of the accuracy is determined by expert assessment. This indicator refers to the 

planimetric accuracy per one hectare and varies between 0.025 m and 2.5 m. The accuracy depends on the 

scale of the model and is equal to 0.1 from the scale of the model. 

For the calculation of the function are used two characteristic points. The first point is at the beginning of the 

function with coordinates x = 0.025; f(x) = 1 and the second point is at the end of the function with 

coordinates x = 2.5; f(x) = 0. Thus, in the first point when the variable x = 0.025m has the lowest value then 

the function has a maximum value f(x) = 1 and for the second point when the variable x = 2.5m has the 

highest value then the function becomes f(x) = 0. 

The next step is the computation of the unknown parameters a, b and c. The value of the parameter a is 

accepted to be equal to the number e = 2.718. 

By those assumptions parameters b and c are calculated as a system is formed with two nonlinear equations 

with two unknown values. The task is solved as we substitute the values of x and f(x) in the equations. Thus 

the values of the parameters are determined and the graph is drawn. The determined values of the parameters 

are: a = 2.718; b = -11.157; c = 1.115. 
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Figure 2. Modelling the accuracy of the end product with exponential function 

3.2. Second criterion: reliability of the model produced and conformity of the model with the real 

surface – these two criteria refer to the same indicator which is the number of errors per one hectare. The 

selected relation for these two criteria is again an exponential function. The general form of the function is 

according to the equation (1). 

The variable x ranges between 0 and 4 errors. 

For the calculation of the function are used two characteristic points – the first point is at the beginning of the 

function with coordinates x = 0; f(x) = 1 and the second point is at the end of the function with coordinates x 

= 4; f(x) = 0. Thus, in the first point when the variable x = 0 errors has the lowest value then the function has 



a maximum value f(x) = 1 and for the second point when the variable x = 4 errors has the highest value then 

the function becomes f(x) = 0. 

The next step is the computation of the unknown parameters a, b and c. The value of the parameter a is 

accepted to be equal to the number e = 2.718. 

By those assumptions parameters b and c are calculated as a system is formed with two nonlinear equations 

with two unknown values. The task is solved as we substitute the values of x and f(x) in the equations. Thus 

the values of the parameters are determined, and the graph is drawn. The determined values of the 

parameters are: a = 2.718; b = -53.598; c = 1.019. 
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Figure 3. Estimating the reliability and conformity of the model with exponential function 

 

It is quite impossible to have a model without errors. Therefore the adequate interval is in the middle of the 

graph. 

3.3. Third criterion: computation time – the selected relation for this criterion is a logarithmic function. 

The general form of the function is: 

 

( ) logaf x c b x                                                                                                                       (2) 

 

The interval of changes in time is determined by expert assessment. This indicator refers to the days needed 

for calculations and processing and it varies between 3 and 30 days. 

For the calculation of the function are used two characteristic points – the first point is at the beginning of the 

function with coordinates x = 3; f(x) = 1 and the second point is at the end of the function with coordinates x 

= 30; f(x) = 0. Thus, in the first point when the variable x = 3 days has the lowest value then the function has 

a maximum value f(x) = 1 and for the second point when the variable x = 30 days has the highest value then 

the function becomes f(x) = 0. 

The next step is the computation of the unknown parameters a, b and c. The value of the parameter a is 

already accepted to be equal to the number e = 2.718. Thus the logarithm becomes a natural logarithm. 

By those assumptions parameters b and c are calculated as a system is formed with two nonlinear equations 

with two unknown values. The task is solved as we substitute the values of x and f(x) in the equations. Thus 

the values of the parameters are determined, and the graph is drawn. The determined values of the 

parameters are: a = 2.718; b = -0.434; c = 1.477. 
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Figure 4. Estimation of the computation time with logarithmic function 

It is not proper to have a deadline in 3 days. But if there is such deadline, it means that the quality of the end 

product will be lower. Therefore the adequate interval is in the middle of the graph. 

3.4. Fourth criterion: production costs and efforts – the selected relation for this criterion is again a 

logarithmic function. The general form of the function is according to the equation (2). 

This indicator refers to the total price per one hectare of the end product and it varies between 300 and 

10,800 leva. 

For the calculation of the function are used two characteristic points – the first point is at the beginning of the 

function with coordinates x = 300; f(x) = 1 and the second point is at the end of the function with coordinates 

x = 10,800; f(x) = 0. Thus in the first point when the variable x = 300 leva has the lowest value then the 

function has a maximum value f(x) = 1 and for the second point when the variable x = 10,800 leva has the 

highest value then the function becomes f(x) = 0. 

The next step is the computation of the unknown parameters a, b and c. The value of the parameter a is 

already accepted to be equal to the number e = 2.718. Thus the logarithm becomes a natural logarithm. 

By those assumptions parameters b and c are calculated as a system is formed with two nonlinear equations 

with two unknown values. The task is solved as we substitute the values of x and f(x) in the equations. Thus 

the values of the parameters are determined, and the graph is drawn. The determined values of the 

parameters are: a = 2.718; b = -0.279; c = 2.592. 
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Figure 5. Estimation of the production costs and efforts with logarithmic function 

It is not proper to have a low value of this indicator because if we have a lower price for the end product it 

means that the quality will be lower too. 

 

 

 

 



The last step is a calculation of the quality coefficient according to the four criteria for each approach. 
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 Where:    xa
I
, xa

II
, xa

III
  are the values of the accuracy for each approach. 

                 xr
I
, xr

II
, xr

III
 are the values of the reliability for each approach. 

                 xt
I
, xt

II
, xt

III
 are the values of the time for each approach. 

                 xc
I
, xc

II
, xc

III
 are the values of the cost for each approach. 

 

In these formulas the coefficient w is the weight of each criterion for the overall assessment. The weight of 

the accuracy (w1) is accepted to be equal to 0.30; the weight of the reliability (w2) to be equal to 0.25; the 

weight of the time (w3) to be equal to 0.20; the weight of the cost (w4) to be equal to 0.25. The sum of the 

four weights has to be equal to 1. 

4. Implementation 

The next stage of the work is the implementation of the algorithm according to the different tasks performed. 

4.1. The first task is DEM generation in Scale 1:5000  

By expert assessment are determined the accuracy, the reliability, the time and cost of DEM obtained by 

using the three approaches described. Then, according to the selected function and parameter obtained for 

each criterion are calculated the values of f(x) for each variable x. 

For determination of the most suitable approach for DEM generation, the quality coefficient is calculated. 

This is done by the following formulas: 
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Where the weight coefficient w for each criterion has the following values: 

accuracy - w1=0.30; reliability - w2=0.25; computation time - w3=0.20; cost and efforts - w4=0.25; 

The results are presented in table 1: 

Table 1 

  

  

accuracy reliability time cost   

xi f(xi) xi f(xi) xi f(xi) xi f(xi) Qi 

airborne laser scanning 0.25 1.000 2.60 0.767 6 0.699 9000 0.051 0.6443 

stereo image matching 0.48 0.971 2.40 0.813 8 0.574 3000 0.357 0.6986 

digital stereo mapping 0.55 0.960 0.80 0.977 25 0.079 3600 0.306 0.6246 

 

The results show that the most adequate approach for the DEM generation is stereo image matching because 

the value of the quality coefficient is higher than that of the other values for the second approach. 

4.2. The second task is Digital Model of Man-Made Objects generation in Scale1:5000 

The same calculations are done for the second task. Using the selected functions and the calculated 

parameters, for each criterion the values of f(x) according to the values of the variable x are computed. For 

the weight coefficients are used the same values:  

accuracy - w1=0.30; reliability - w2=0.25; computation time - w3=0.20; cost and efforts - w4=0.25             

The results are presented in table 2: 

 

 

 

 



Table 2 

  

  

accuracy reliability time cost   

xi f(xi) xi f(xi) xi f(xi) xi f(xi) Qi 

airborne laser scanning 0.25 1.000 2.40 0.813 6 0.699 9000 0.051 0.6557 

stereo image matching 0.48 0.971 2.20 0.850 8 0.574 3000 0.357 0.7079 

digital stereo mapping 0.55 0.960 0.80 0.977 25 0.079 3600 0.306 0.6246 

The results show that the most adequate approach for the Digital Model of Man-Made Objects generation is 

stereo image matching because the value of the quality coefficient is higher than the values of the other 

coefficients for the second approach. 

4.3. The third task is DSM generation in Scale1:5000 

The same calculations are made for the third model with the same assumptions. The results obtained are 

presented in table 3: 

Table 3 

  

  

accuracy reliability Time cost   

xi f(xi) xi f(xi) xi f(xi) xi f(xi) Qi 

airborne laser scanning 0.25 1.000 2.20 0.850 8 0.574 9300 0.041 0.6377 

stereo image matching 0.48 0.971 2.00 0.881 12 0.398 3600 0.306 0.6676 

digital stereo mapping 0.55 0.960 0.80 0.977 26 0.062 3900 0.284 0.6156 

The results show that the most adequate approach for the DSM generation is stereo image matching because 

the value of the quality coefficient is higher than the values of the other coefficients for the second approach. 

The results of the three described tasks are quite similar because the concept of generation of those three 

models is nearly the same. 

5. Conclusions 

5.1. There is no absolutely preferable approach. Variable task conditions may result in different optimal 

approaches. 

5.2. Therefore, it is necessary to develop a technique for proper selection of an adequate approach. 

5.3. The results of the analysis show that for the purposes of orthorectification, image matching is the more 

appropriate approach than digital stereo imaging.  
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