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INTRODUCTION  

Air flow modelling 

Currently in Bulgaria a great number of wind turbines, which are currently in 

operation, have been operating for more than 20 years. This means that they are close to 

their life cycle and they should be replaced. The new wind turbines have greater installed 

capacity, respectively wind turbine diameter and tower. The configuration of the turbines in 

wind farm is in a relation with prevailing wind direction and rotor diameter. Because of this 

the wind turbine replacement is not just a physical process of dismantling of old wind 

turbine and installation of a new one at the same location. Hence a further detailed 

analysis of the topography and the distribution of the wind speed on the surface of the 

ground are needed. 

Current paper discusses the modern tools and methods for modeling the topography 

of the terrain and further wind flow modeling. This is a prerequisite for the proper 

configuration of wind turbines in the park and accurate assessment of energy production. 

 

OROGRAPHY MODELING 

Modeling scales 

The performed study shows that there are different scales of terrain modelling. 

Depending on their scales the terrains can be divided into three major groups:  

Micro scale: it is often used for modelling terrains for localized flows. Typical example 

for micro scaled simulation is model of a house with its immediate surroundings. Typical 

grid size for micro scaled simulation is about 10m. 

Meso scale: it is used to describe bigger areas of land, including its inner 

particularities. The meso scale could be best described as model of a city, including all the 

buildings of the city, hills if any, parks etc. 

Global (Synoptic) scale: it is used for modelling air currents over entire continents, 

weather phenomena, etc. 

There are different modelling methods based on the tools. They are presented below: 

Contact methods 

The contact methods include the use of measuring equipment such as rulers, tape 

measures, clamps and other tools. They are good for really small scale object measuring, 

but they are not appropriate for the purposes of this paper, so they will not be discussed. 

Non-contact methods 

This includes the use of X-Rays, Lasers, Light measuring tools, Electronic 

Theodolites, etc. This paper will look into some of the most well-known tools and methods 

for modelling real terrains into computer software, rather than creating virtual terrains.  

Those methods in turn are divided into: 
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Image-based Rendering (IBR) 

IBR creates 3D environments directly from input images. It is vital for the technique to 

accurately know the camera positions or to performing automatic stereo matching for 

which a large number of closely spaced images is needed. Object occlusions and 

discontinuities, inevitably will affect the output. Therefore, the IBR method is generally only 

used for applications requiring limited visualisation Remondino and El-Hakim [1]. 

Image-based Modelling (IBM) 

This is the widely used method for geometric surfaces of architectural objects or for 

precise terrain and city modelling (Grün [5], 2000). IBM methods use 2D image 

measurements to recover 3D object information through a mathematical model or they 

obtain 3D data using methods such as shape from shading, shape from texture, shape 

from specularity, shape from contour (medical applications) and shape from 2D edge 

gradients. Passive image-based methods acquire 3D measurements from multiple views, 

although techniques to acquire three dimensions from single images (Remondino and 

Roditakis, 2003) are also necessary. IBM methods use projective geometry (Nister [9], 

2004; Pollefeys et al. [11], 2004). Those methods are good for recreating geometric 

shapes of buildings and monuments or other small scale models, but they are not 

appropriate for large scale models of terrains, since they require a great deal of additional 

work. 

Range-based Modelling (RBM) 

This method is used for capturing the geometric shape of the object directly. It relies 

on active sensors and can provide reliable and accurate representation of the shape that is 

being measured. The sensors rely on artificial lights or pattern projection. Over many 

years, structured light, coded light or laser light has been used for the measurement of 

objects. Most of the systems focus only on the acquisition of the 3D geometry, providing 

only a monochrome intensity value for each range value (Remondino and El-Hakim [1], 

2006). 

Combination of Image- and Range-based Modelling 

It is always possible to combine any of the fore mentioned methods in order to 

achieve the desired results. Since each of the methods has its own strengths and 

weaknesses different combinations are necessary for each individual task  

 

3D MODELLING OF TERRAIN 

The overall image-based 3D modelling process consists of several well-known steps: 

design (sensor and network geometry); 3D measurements (point clouds, lines, etc.); 

structuring and modelling (segmentation, network/mesh generation, etc.); texturing and 

visualisation (Remondino and El-Hakim [1], 2006). 

Automated obtaining of 3D model of the scene from uncalibrated images 

The fully automated procedure (Nister, 2004; Pollefeys et al [11]., 2004), starts with a 

sequence of closely separated images taken with an uncalibrated camera. The system 

automatically extracts points of interest (such as corners), sequentially matches them 

across views and then computes camera parameters and 3D coordinates of the matched 

value (Remondino and El-Hakim, 2006). The images must be taken at short intervals. The 

first two images are generally used to initialise the sequence. The 3D surface model is 

then automatically generated. Some approaches have also been presented for the 

automated extraction of image correspondences between wide baseline images (Matas et 

al., 2002; Ferrari et al.,2003; Xiao and Shah [14], 2003; Lowe, 2004). 

Semi-automated 3D reconstruction of the scene from oriented images 

These approaches interactively or automatically orient and calibrate the images and 

afterwards perform the semi-automated modelling relying on the human operator (El-
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Hakim, 2002; Gibson et al. [4], 2003; Guarnieri et al. [6], 2004). Semi-automated 

approaches are widely used when modelling complex geometric shapes. The degree of 

automation of modelling increases when certain assumptions about the object, such as 

perpendicularity or parallel surfaces, can be introduced. Debevec et al. (1996) developed a 

hybrid easy-to-use system to create 3D models of architectural features from a small 

number of photographs. The basic geometric shape of a structure is first recovered using 

models of polyhedral elements.  

Automated 3D reconstruction of the scene from oriented images 

The orientation and calibration are performed separately, interactively or 

automatically, while the 3D object reconstruction, based on object constraints, is fully 

automated. Most of the approaches explicitly make use of strong geometric constraints 

such as perpendicularity and verticality, which are likely to be found in architecture. Dick et 

al. (2001) employ the model-based recognition technique to extract high-level models in a 

single image and then use their projection onto other images for verification. The method 

requires parameterised building blocks with a priori distribution defined by the building 

style. The scene is modelled as a set of base planes corresponding to walls or roofs, each 

of which may contain offset 3D shapes that model common architectural elements such as 

windows and columns. 

 

DESIGN AND RECOVERY OF NETWORK GEOMETRY 

Different studies in close range photogrammetry show that: 

(a) The accuracy of a network increases with the increase of the base to depth (B:D) 

ratio and using convergent images rather than images with parallel optical axes; 

(b) The accuracy improves significantly with the number of images in which a point 

appears. But measuring the point in more than four images gives less significant 

improvement; 

(c) The accuracy increases with the number of measured points per image; 

(d) The image resolution (number of pixels) influences the accuracy of the computed 

object coordinates. 

 

EXTRACTING SURFACES FROM POINT CLOUDS 

Pre-processing: In this step the existing gaps are filled or if there are unnecessary 

points or points with invalid data, they are removed. Determination of global topology: 

Determination of the global topology of the object’s surface, deriving the neighbourhood 

relations between adjacent parts of the surface (Remondino and El-Hakim, 2006). 

Generation of the polygonal surface: Triangular (or tetrahedral) networks are created 

satisfying certain quality requirements, for example, a limit on the network element size or 

no intersection of breaklines (Remondino and El-Hakim, 2006). 

Surface Triangulation or Network (Mesh) Generation 

- 2D triangulation 

The input domain is a polygonal region of the plane and, as a result, triangles that 

intersect only at shared edges and vertices are generated (Remondino and El-Hakim, 

2006).  

- 2 ½ D triangulation 

The input data is a set of points P in a plane, along with a real and unique elevation 

function at each point (Remondino and El-Hakim, 2006). The generated surface could be 

also called elevation grid. 

- Surfaces for 3D models 

The input data is always a set of points, no longer restricted to a plane; therefore, the 

elevation function is no longer unique. This could pose a problem for the generation 

process, since the input data is the most complex. 
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- 3D triangulation 

The triangulation in 3D is called tetrahedralisation or tetrahedrisation (Remondino 

and El-Hakim, 2006). 

Post-processing 

After generating the surface often refining actions are performed. They may include 

edge smoothing or strengthening, slight shape corrections etc. 

The following things below should be consider in order to obtain better results.  

Radiometric image distortion 

This effect comes from the use of different images acquired from different positions 

or with different cameras or under different lighting conditions (Remondino and El-Hakim 

[1], 2006), different exposure or different lenses with the same focal length, since each 

lens has its own level of chromatic aberations. To avoid this, several techniques, such as 

blending methods based on weighted functions, can be used (Beauchesne and Roy [2], 

2003; Kim and Pollefeys [7], 2004; Remondino and Niederoest, 2004). 

Geometric scene distortion 

This kind of error is generated from an incorrect camera calibration and orientation 

(Remondino and El-Hakim [1], 2006). Weinhaus and Devich (1999) give a detailed 

account of the geometric corrections that could be applied in order to prevent or remove 

distortions. 

Dynamic range of the image 

Digital images often have a low dynamic range. Therefore, bright areas are generally 

saturated while dark parts contain low signal to noise (S/N) ratio (Remondino and El-

Hakim, 2006). To overcome these problems high dynamic range images should be 

created. This could be done by combining images of the same object or area that have 

correct exposure for each of the image parts. This will allow uniform lighting in the resulting 

picture. 

Object occlusions 

Static or moving objects such as pedestrians, cars, other monuments or trees, 

imaged in front of the objects to be modelled are obviously undesirable and should be as 

far as possible removed in the pre-processing step (Böhm [3], 2004; Ortin and Remondino 

[10], 2005). 

 

CONCLUSION 

In this work an overview of some of the current methods and technologies was made. 

There are a many other methods and technologies for modelling available, but they are not 

covered since they have limited application for terrain modelling. Based on the research 

done the next step is to make a detailed research in the range-based modelling methods, 

since they can be applied to terrain modelling. 
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