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Abstract 

 

The purpose of this thesis is to investigate the possibility of using aerial or satellite images or 

eventually digital elevation models in order to localize the UAV helicopter in the 

environment. Matching techniques are investigated in order to match the available on-board 

image of the area with the live images acquired by the on-board video camera.  

The problem is interesting because it can provide a redundancy for the UAV navigation 

system which is based only on GPS. 

The thesis is in the context of the development of an integrated system for navigation using 

image sequences from an aircraft. The system is composed of relative position estimation, 

which computes the current position of the helicopter by accumulating relative displacement 

extracted from successive aerial images. These successive aerial images are then matched 

using certain image matching techniques. 
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1.  Introduction: 
 
This chapter is a short description and introduction of the problem that will be addressed by 

this thesis.  

1.1 Unmanned Aerial Vehicles (UAVs) 
 
“Unmanned Aerial Vehicles (UAVs) are remotely piloted or self-piloted aircraft that can 

carry cameras, communications equipment or other payloads. They have been used in a 

reconnaissance and intelligence-gathering role since the 1950s, and more challenging roles 

are envisioned, including combat missions”. [24] 

Recently the interest for UAV systems has been growing also for civil applications as a 

consequence of the cost reduction of this technology. 

The main goal is to develop technologies and functionalities necessary for the successful 

deployment of fully autonomous intelligent system as discussed in section 1.1. Details and 

discussions related to the WITAS UAV software architecture can be found in [1].  

 

The UAV platform used for experimentation is the RMAX unmanned helicopter 

manufactured by the Yamaha Motor Company. The modified RMAX helicopter used in 

WITAS project is shown in Fig.1.1.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1. The RMAX helicopter 
 
The Yamaha RMAX helicopter has a total length of 3.6 m (including the main rotor), it is 

powered by 21 hp two-stroke engine and has a maximum take-off weight of 95 kg.  
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1.2 Problem Statement 
 
The autonomous helicopter project at Linköping University operates two unmanned 

helicopters which can fly autonomously using three on-board computers. Each helicopter has 

a GPS receiver on-board which provides position information to be used for navigation 

purposes. The GPS signal is quite weak and can be jammed easily, loosing the GPS during an 

autonomous flight leads to helicopters crash, unless a safety pilot takes over the control. The 

motivation for this thesis is to investigate the possibilities to enhance the robustness of the 

navigation system towards GPS loss using the on-board video camera.  

There are two possible scenarios which could be explored. In the first scenario, the helicopter 

is flying at its designated space and suddenly it loses the GPS. If the helicopter has a video 

camera pointing down and a geo-referenced digital map of the flying area, it is possible to 

match the image from the helicopter camera within the map and then to localize the helicopter 

position. By knowing the helicopter position in the world it could be possible for the control 

system to guide the helicopter back home. 

The second scenario could be instead of using an on-board map the helicopter stores the 

image while is flying and as soon as it looses the GPS signal it tries to fly back the same way 

matching what it sees with the previous stored images. 

This thesis addresses only the first scenario.  

1.3 Geographical Information Systems 
 
There are different ways of defining GIS. “Some people believe that the GIS is the branch of 

Information Technology; others see it more specifically as a computer-assisted mapping and 

cartographic application, a set of spatial-analytical tools, a type of Database systems or a field 

of academic study“[2].  

The most common definition of GIS is according to United States Geological Survey (USGS, 

1997),: A computer system capable of assembling, storing, manipulating and displaying 

geographically referenced information, i.e., data identified according to their location.  

 

The application of GIS has spread very fast and wide over the past decades. The application 

areas of GIS are in: [29] 

Navigation Systems, Health, Agriculture, Geology, Land Surveys, Urban Planning, 

Environment, Military and Natural Resource Management 
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1.4 GPS (Global Positioning System) 

 

GPS is based on a constellation of satellites, 27 Earth orbiting satellites. Each of these 3,000- 

to 4,000-pound solar-powered satellites circles the globe at about 12,000 miles (19,300 km), 

making two complete rotations every day. The orbits are arranged so that at any time, 

anywhere on Earth, there are at least four satellites "visible" in the sky. 

 

A GPS receiver's job is to locate four or more of these satellites, find out the distance to each, 

and use this information to deduce its own location. This operation is based on a simple 

mathematical principle called trilateration [22].   

The GPS can be jammed easily. There are many jamming devices available in the market. In 

[23] an implementation of a GPS jamming system in a laboratory environment is discussed. 

These devices are made to jam the GPS signals for military and commercial navigation 

purposes. More information about GPS jamming systems can be found in [4] and [23]. 

1.5 Thesis Contribution  

 
Since the data that is being processed is an aerial video sequence taken outdoors, there could 

be problems of varying light conditions, weather conditions and detection of unknown objects 

that can be very difficult to find out in the image sequence [5].  

Most of the image registration procedures are applied on the images taken from high altitudes 

such as satellite images and aerial images taken from very high altitude, or the two satellite 

images taken at different times and from different sensors. The work developed in this thesis 

is part of the images taken from low altitude of 30 m above the ground that which are to be 

registered with a satellite image.   

The methodology used for image registration in this thesis is based on the Hausdorff Distance 

proposed by (Evans et al.) [27].  

The results from matching images using search process are contributed by Gianpaolo Conte 

[37].  
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1.6 Report Structure 
 
Chapter 2 is dedicated to give information about image registration techniques. The chapter 

also discuss the camera calibration problem and other techniques that are used during the 

image registration process. 

 

Chapter 3 presents a literature survey of image registration technique. 

 

Chapter 4 describes the implementation approach used to match the images. This includes the 

localization of certain area where matching has to take place. 

 

Chapter 5 presents the matching results. 

 

Chapter 6 presents the conclusion and future work.  
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2. Related Work 
 

2.1 Image Registration: A Survey 
 
Image registration is the process of overlaying two or more images of the same scene taken at 

different times, from different viewpoints and or by different sensors. These sensors can be 

image sensors such as still camera or video camera. The registration process aligns two 

images: the reference image and the sensed image.  

The registration methods usually consist of four steps according to [7]: 

 

Feature Detection 

In the feature detection method salient and distinctive objects are detected either manually or 

automatically. These objects might be closed-boundary regions, edges, contours, line 

intersections or corners. 

The detection method should have good localization accuracy and should not be sensitive to 

the assumed image degradation [7]. 

 

Feature Matching 

In feature matching, the correspondence between the sensed and referenced image is detected. 

Establishing various feature descriptors and similarity measures along with spatial 

relationships among the features does the correspondence. The features in both the images 

could be dissimilar to the different imaging condition due to the different spectral sensitivity 

of the sensors and illumination conditions [7]. 

 

Transform Model estimation 

While aligning the sensed and referenced image, type and parameter of the mapping functions 

are computed. The parameters of the mapping function are computed by means of established 

feature correspondence. [7] 

 

Image Resampling and transformation 

The sensed image is transformed by means of mapping function. In this method interpolation 

is performed to compute image values in non-integer coordinates. [7] 

This survey of image registration techniques shall cover the registration techniques through 

the four above-mentioned methods.  
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2.1.1 Feature Detection 
 

This approach is based on the extraction of salient structures–features—in the images. 

Significant regions (forests, lakes, fields), lines (region boundaries, coastlines, roads, rivers) 

or points (region corners, line intersections, points on curves with high curvature) are 

understood as features here. They should be distinct, spread all over the image and efficiently 

detectable in both images. The feature-based ones do not work directly with image intensity 

values. The features represent information on higher level. This property makes feature-based 

methods suitable for situations when illumination changes are expected or multisensor 

analysis is demanded. According to [7], feature based detection is done on three basic features 

found in an image such as: Region features, Line features and Point features. 

  

Region features are detected by means of segmentation methods [9]. Invariant 

neighbourhoods were described in [8], based on Harris corner detector [10] and edges (curved 

or straight) going through detected corners can also be used for the region feature detection 

purposes. The invariant neighbourhoods experiment in [8] was able to match a current view 

against reference images allows robots to roam extended spaces without using a 3-D model. 

 

Line features can be detected by using standard edge detection methods such as Canny edge 

detectors or detectors based on Laplacian of Gaussian [11].  

 

Point features  

In most case, the point features are referred to as line intersection or centroid of closed 

boundary region or corners of specific class of features.  Corners are widely used as CPs 

(Centre Points) mainly because of their invariance to imaging geometry and because they are 

well perceived by a human observer. Kitchen and Rosenfeld [12] proposed to exploit the 

second-order partial derivatives of the image function for corner detection. Dreschler and 

Nagel [13] searched for the local extrema of the Gaussian curvature. However, it was found 

that the corner detectors based on the second-order derivatives of the image function are 

sensitive to noise [12] and [13].  
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2.1.2 Feature matching 
 

Methods using spatial relations 

In the feature matching methodology usually the aim is to find the pair wise correspondence 

between the parts of sensed and referenced image. The correspondence is found by using the 

spatial relationship that exists between the reference and sensed images. 

Goshtasby [14] described the registration based on the graph matching algorithm. In the graph 

matching algorithm, number of features in the sensed was evaluated after the transformation 

fall within a given range next to the feature in the referenced image. The transformation 

parameters with highest values were considered as a valid estimate. 

Clustering technique [15], tries to match points connected by abstract edges or line segments. 

For every pair of CPs from both the reference and sensed images, the parameters of the 

transformation which maps the points on each other are computed and represented as a point 

in the space of transform parameters. The parameters of transformations that closely map the 

highest number of features tend to form a cluster, while mismatches fill the parameter space 

randomly. The cluster is detected and its centroid is assumed to represent the most probable 

vector of matching parameters. Mapping function parameters are thus found simultaneously 

with the feature correspondence. Local errors do not influence globally the registration 

process.  

 

Methods using invariant descriptors 

Instead of using the spatial relations between the two images there is an alternative method of 

using the descriptions of the two images. The description in the two images should fulfil 

several conditions. The most important ones are invariance (the descriptions of the 

corresponding features from the reference and sensed image have to be the same), uniqueness 

(two different features should have different descriptions), stability (the description of a 

feature which is slightly deformed in an unknown manner should be close to the description 

of the original feature), and independence (if the feature description is a vector, its elements 

should be functionally independent). However, usually not all these conditions have to (or 

can) be satisfied simultaneously and it is necessary to find an appropriate trade-off [7]. 

Features from the sensed and reference images with the most similar invariant descriptions are 

paired as the corresponding ones were discussed in [16]. The choice of the type of the 

invariant description depends on the feature characteristics and the assumed geometric 

deformation of the images. While searching for the best matching feature pairs in the space of 

feature descriptors, the minimum distance rule with threshold is usually applied. If a more 

robust algorithm is needed, the matching likelihood coefficients, which can better handle 
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questionable situations, can be an appropriate solution. The importance of this work was that 

it matches two sets of object, which differ in translation, rotation and scaling. It uses 

information represented by a set of invariant feature and about object to object distance in the 

image.  

A large group of methods uses moment-based invariants for description of closed-boundary 

region features. Considering the most often assumed deformations, Hu [18] introduced 

moment invariants to the similarity transform. Flusser and Suk derived the affine transform 

invariants [19] and used them successfully for registration of SPOT and Landsat images [20]. 

The attention was paid on selection of control points automatically. In some situations this 

methodology leads to false registration due to the initial segmentation of the images was poor 

and there is a probability that the less closed boundary regions could be found. 

 

2.1.3 The Transformation Model 
 

After the feature correspondence has been established the mapping function is constructed. It 

should transform the sensed image to overlay it over the reference one. The correspondence of 

the CPs from the sensed and reference images together with the fact that the corresponding 

CP pairs should be as close as possible after the sensed image transformation are employed in 

the mapping function design. Models of mapping functions can be divided into two broad 

categories according to the amount of image data they use as their support. Global models use 

all CPs for estimating one set of the mapping function parameters valid for the entire image. 

On the other hand, the local mapping functions treat the image as a composition of patches 

and the function parameters depend on the location of their support in the image. It leads to 

the tessellation of the image, usually a triangulation, and to the defining of parameters of the 

mapping function for each patch separately [7]. 

In [36], an approach to correct the optical satellite data by modelling the geometry of 

acquisition has been discussed. In this model another approach was discussed for detection of 

Ground control points automatically. The model was then tested with Keplerian orbital model 

for satellite motion. The short coming in this approach was that there was a need to improve 

this model for high resolution images. 

 

 

 

2.1.4 Image resampling and Transformation 
 

Image resampling and transformation are done on the basis of mapping functions. The 

registered image data from sensed image are determined by using the coordinates of the target 
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pixel and the inverse of the estimated mapping function. The interpolation is performed on the 

sensed image on the regular grid [7]. 

The nearest neighbour interpolation, the bilinear and bi-cubic functions, quadratic splines, 

cubic B-splines, high-order B-splines, Gaussians are the most commonly used interpolation 

techniques [7]. 
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3. Image Registration  

 

3.1 Image Registration Theory 

 

Image Registration is a central problem in the pattern recognition, image analysis, robotics 

and computer vision. [21] 

 For the images to be registered it is important that the exact location of objects in the images 

must be known. The importance of translation, rotation and scaling are the key factors that 

have to be considered for image matching algorithms. In most of the cases the problem of 

occlusion occurs because of the unknown input to different sensors or input to same sensor at 

different times occurs.  

According to [21], the matching methods developed in the past can be divided into three 

classes.  

 

1. Algorithms that use image pixel values directly e.g. correlation methods 

2. Algorithms that use low level features such as edges and corners e.g. distance 

transformation and Hausdorff Distance based 

3. Algorithms that use high level features such as identified objects e.g. graph-theoretic-

methods 

 

As discussed earlier, there are two types of image registration: Intensity based and feature 

based. It is quite unfeasible to get good results in today’s hardware platforms to perform the 

intensity based image registration.[25] For the real time solutions it is important to perform 

only the feature based image registration. For comprehensive study of Image registration 

survey see [25]. 

The mapping between a reference image Ir and target image It can be expressed as: 

  

   It = g ( Ir  ( f( x ) ) )     eq. (3.1) 

 

Where f is a coordinate transformation and g is an intensity transformation [25]. If we assume 

that there is no intensity changes are present i.e. g(x) = x, eq (3.1) can be rewritten as: 

    

    It (x) = Ir  ( f(x))     eq.(3.2) 
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This equation gives us the mapping of the points in two images, namely: 
 

    y = f(x)      eq.(3.3) 

 

Where x is the point in image Ir and y is the corresponding point in It.  

 

Let X be the set of reference points: 
 

  X = (x1, x2,…,xn)     eq.(3.4) 

And Y be the set of target points: 
 

    Y = (y1,y2,…,yn)     eq.(3.5) 

 

Then the relation (3.) should be true for all the points in these sets: 
 

                eq.(3.6) 

 

To find the transformation function it is important to find the point mapping f [25]. Since it is 

almost impossible to find the mapping of f we need to introduce some model of the mapping. 

 

3.1.1 Translational Transformation 
 

The simplest case is to state that the image has only undergone a translational transformation. 

This model is good for frames that only have a temporal difference, especially for small 

regions [25]. In a translational model the mapping is assumed to be: 

 

    f(x) = x + d      eq.(3.7) 

 

We assume that a number of feature points has been tracked successfully between the two 

images. Let X and Y are the sets of reference and target points respectively. Then the 

relationship between the target and reference points will be: 

 

    eq. (3.8) 
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In order to solve this equation, it is important that we know at least one feature point in the 

two images. Since there will be errors in the positions of feature points it is important to solve 

the equation (3.8) using least squares [25]. 

    eq. (3.9) 

 

3.1.2 Affine Transformation 
 

A logical extension to the translational model is to allow the image to undergo an affine 

transformation. An affine transformation will be required for rotation, mirroring and scaling 

[25]. 

 

With affine transformation we get the mapping point: 

   F(x) = Ax + d      eq.(3.10) 

where A is a 2 X 2 matrix, 

 

Let X and Y are the set of reference positions and the target positions respectively. The 

relationship between the elements of the set X and Y is given by: 

 

    eq. (3.11) 

In order to solve the equation (3.11) we need to know the position of at least 3 feature points. 

Furthermore the motion of the feature points needs to be such that equation (3.11) has a non-

singular solution. 

As in the translational case we use an over determined system to get more accurate solutions. 

The components of a given feature point can be expressed by: 

 

   eq (3.12)  

   eq. (3.13) 

where aij are the components of A and di are the components of d. When we consider all the 

feature points we get a linear equation system with 2n equations. Solving with least square 

will yield: 

     Sp = y     eq(3.14) 

 

with:  
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    eq.(3.15) 

and:  

 

     eq. (3.16) 

Then the least square solution to equation (3.14) is given by: 
 

   eq. (3.17)  

 

3.1.3 Quadratic Transformation 
 

Further refinement of the model can be achieved if quadratic terms are included. The 

quadratic transformation is necessary because the image transformations between the frames 

are not affine and it is done as a hypothesis to reduce the effects of lens distortion. 

The feature positions are given a quadratic term: 

 

  eq.(3.18)  

The point mapping can then be expressed as: 
 

     F(x) = Qxq + d    eq.(3.19)  

 

Where Q is a 2X5 matrix and the correspondence between the sets of X and Y of feature point 
is: 
 

     Y = Qxq + d    eq.(3.20) 

 

 

 

In order to solve this system, it is important that we know 6 feature points. It can be solved in 

the same manner as it was solved in affine transformation. 

     Sk p= yk    eq (3.21) 

 

with  
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eq.(3.22) 

 

and:  

  eq. (3.23) 

 

Then the least square solution will be: 

 

       eq. (3.24)  

 

3.1.4 Homographic Transformation 
 

The above-mentioned transformations only consider the image plane thus completely ignoring 

the distortions due to perspective projection. When a 3D scene is projected to 2D image, one 

dimension is lost. To overcome this problem some sort of constraint has to be added. The best 

way to perform this is to use the flat ground. The process of finding the mapping between the 

two images under the flat ground constraint is called homography estimation.  

Consider the generic transformation from world coordinates to camera coordinates, then these 

homogenous coordinates can be expressed as: 

 

 eq.(3.25) 

 

where xc are camera coordinates, C is a 4 X 4 matrix expressing the mapping from world 

coordinates to camera space coordinates and xw are world space coordinates. The mapping 

from camera coordinates to the image coordinates can be described as: 

 

   eq. (3.26)  

 

where f is the focal length of the camera. Using the eq (3.26) the homogenous coordinates can 

be expressed as: 
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     xh =P xc    eq.(3.27)  

 

where  

 

       eq.(3.28) 

  

 

Homogenous image coordinates are related to normalize image coordinates by: 
 

   eq.(3.29)  

 

The compound mapping from world coordinates to homogenous image coordinates can be 
expressed as: 
 

     xh  = PCxc    eq.(3.30)  

 

The compound matrix PC is 3 X 4, which means that the mapping cannot be inverted 

properly. If the constraint of flat ground i.e. xw3 = 0 is added, one column from PC can 

eliminated and it can then be converted. The column is removed by introducing the matrix: 

 

    eq.(3.31)  

Giving us the final compound mapping: 
     xh = PCFxw    eq.(3.32)   

 

From the above equation it is obvious that: 

        eq.(3.34)  

 

After examining the feature points X and Y, we see that we get the equation for the points in 
X as: 
    xh = Px Cx Fxw     eq.(3.35) 

 

and for points in Y: 
    yh = Py Cy Fyw     eq.(3.36) 
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Since the tracked features are hopefully the same features in both the images, they should 
have same world space coordinates.  
     xw  = yw    eq.(3.37) 

 

and:  

         eq.(3.38)  

 

 

A linear equation is to be solved to find out the transformation the referenced image has 

undergone. However, the homogenous image coordinates xh are not known, only the 

normalized image coordinates are known. Equation (3.38) can be written as: 

 

        eq.(3.39) 

 

Using equation (3.30): 
 

          eq. (3.40) 

 

In this scenario, the worst case could be when yh = 0, which corresponds to the point xw being 

very close to the camera.  

       eq.(3.41) 

 

We then get a linear equation to solve: 
 

          eq.(3.42)

  

 

Examining eq.(3.42) closely: 
 

   eq.(3.43) 

      eq.(3.44) 

     eq.(3.45) 
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Where hij are components of H 

 

Equating it with equation (3.30), the equation system can be expressed as: 
 

 

    eq.(3.46)

  

 

    eq.(3.47) 

 

This equation is solvable for every other factor except h33.  
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In practice this scale factor is not interesting for image warping due to the normalization 

process in equation (3.41). If we set h33 we can now solve the problem using least squares. We 

thus need to solve 8 unknown parameters. In order to do this at least 4 feature points have to 

be extracted. 

Using: 

     eq.(3.48) 

 

with: 

  eq.(3.49) 

and: 

          eq.(3.50)  

 

The least square solution to equation number (3.48) is given by: 

 

    eq.(3.51) 
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3.2 Hausdorff Distance 

 

Hausdorff distance is the maximum distance of a set of point to the nearest in the other set. 

Suppose we have two sets of points representing a model and an image. The Hausdorff 

distance between the two sets of points is small when every point in the model is close to 

some point in the image. In the same way, every point in the image is close to some point in 

the model. For model-based recognition it is a good property as it defines the how much the 

sets look identical to each other. Since the Hausdorff distance is a metric, the distance 

function at every point in the set to each point in the other set is positive. Being a metric it 

should also have the property of identity, symmetry and triangle inequality. We can infer from 

these properties that the shape resemblance, the order of comparison does not matter and 

several stored models can be compared to some unknown images or models. [26] 

Since the Hausdorff distance is also based on proximity between the features, a change in the 

physical structure of models and images slightly affects the Hausdorff Distance. Thus it can 

be said that Hausdorff Distance is robust in the presence of positional error, which can be 

desirable. [26] 

The Hausdorff Distance is actually composed of two symmetric distances, the forward 

distance and the reverse distance. The forward distance can be called the distance from the 

model to the image and the reverse distance can be the distance from image to the model.  

The forward Distance is small when every point in the model is close to some points in the 

image and reverse distance is small when every point in the image is close to some points in 

the model.  For more about Hausdorff distance see [26] 

This phenomenon can be explained through the following equation:  

 

H (A, B) = max { h (A, B), h (B, A) }    eq. (3.52) 

Where 

   h(A,B) = max min || a – b||        eq. (3.53) 
      a A b B 

 

 

and || a – b|| is some norm defined on the plane. The function h(A,B) is called the Directed 

Hausdorff Distance from A to B. 
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The Directed Hausdorff Distance from A to B, h(A,B), can be thought of as the radius of the 

smallest closed disk which can be drawn about each point of A such that each disk contains at 

least one point of B. [26] 

The Undirected Hausdorff Distance, H (A, B), is the maximum of h (A, B) and h (B, A). It 

measures the degree of mismatch between two sets by finding the point of A that is farthest 

from any point of B and vice versa. That means, if the Hausdorff Distance is d, then every 

point of A, must be within a distance d of some point of B and vice versa. [26] 

 

 

The original Hausdorff Distance in eq (4.52) is of limited usability in a robust authentication 

application because of its sensitivity to outliers. [27] Therefore, a modified Hausdorff distance 

was developed in [27] which are given by: 

 

hg =(A,B) = αi min || ai – b||,    where αi = 1  eq. (4.54) 
    b B 
 

The generalized Hausdorff distance hg(A,B) is the maximum of hg(A,B) and hg(B,A). [27] 
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3.3 Camera Calibration 
 
Camera Calibration is important to find the metric information from the images. Although, 

uncalibrated cameras contain more qualitative information. Fore more on Camera calibration 

and camera models see [30] and [31]. 

To understand the concept of Camera Calibration, it is important to discuss some concepts of 

camera models.  

 

3.3.1 Pinhole Camera Model 
 
The pinhole camera model is the simplest and most ideal model of camera function. It is 

modelled such that the image plane is placed between the focal point of the camera and the 

object. It is done so as the image is not inverted. [30] This mapping of three dimensions into 

two is called perspective projection, which is shown in figure 3.1. 

 

 

 

Figure 3.1. Perspective projection in the pinhole camera model [30] 

 

3.3.2 Perspective Geometry 
 

A perspective geometry is the projection of a three-dimensional object onto a two dimensional 

surface by straight lines that pass through a single point [30]. Simple geometry shows that if 

the distance of the image plane to the center of projection is denoted by f, then the image 

coordinates (u,v) are related to the object coordinates (x,y,z) by 

 

                  u = (f/z)x  and v =(f/z)y     eq (3.55) 
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These equations are non linear. They can be made linear by introducing homogenous 

transformations, which is effectively just a matter of placing the Eucledian Geometry into 

perspective geometry. The linear version is given by: 

 

       eq(3.56) 

 

 

 

Here u = U/S and v = V/S, if S ≠ 0. 

 

Thus, in the general projective representation, each point in the n-dimensional projective 

space is represented by an n + 1 vector (Sx1…Sxn, S), where S≠0. 

 

3.3.3. Simple Lens Model 
 
The lenses are usually used to focus an image onto the camera’s focal plane. The limitations 

with lenses are that they can only focus those objects that lie on one particular plane that is 

parallel to the image plane [30]. Assuming that the lens is relatively thin and that its optical 

axis is perpendicular to the image plane, it operates according to the following lens values: 

 

1/u  + 1/v = 1/f      eq (3.57) 

 

Where u is the distance of an object point from the plane of the lens, v is the distance of the 

focused image from this plane, and f  is the focal length of the lens, as shown in figure 3.2. 

 

Figure 3.2. Simple lens model [30] 
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3.4 Camera Calibration 
 

The actual pixel coordinates (u,v) are defined with respect to an origin in the top left hand 

corner of the Figure 3.3. These coordinates should satisfy:[31] 

 

u = u0 + x and 

 v = v0 + y          eq (3.58) 

 

 

 

Figure 3.3 The coordinate system involved in Camera Calibration [31] 

 

The transformation from three dimensional world coordinates to image pixel coordinates 

using a 3 X 4 matrix is done by substituting equations 3.1 and 3.4 and multiplying through by 

Z  to obtain  

 

Zu = Zu0  +  Xf 

Zv = Zv0 + Xf     eq (3.59) 

 

In other words,  

 

 

      eq (3.60) 
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Where the scaling factor s has value Z 

 

Generally, the three dimensional world coordinates of a point will not be specified in a frame 

whose origin is at the center of projection and whose Z axis lies along the optical axis [31]. 

Thus we have  

 

u` = KTX`    eq(3.61) 

 

where T is a 4 X 4 homogenous transformation matrix: 

      

 

The 3 X 4 camera matrix K and the 4 X 4 homogenous transformation matrix T combine to 

form a 3 X 4 matrix C, called the camera calibration matrix [31]. 

   

   eq (3.62)
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3.5 Edge Detection 
 

The goal of edge detection is to mark the points in an image at which the intensity changes 

sharply. Sharp changes in image properties usually reflect important events and changes in 

world properties. Edge detection is a research field within image processing and feature 

extraction. [20] 
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4. Methodology 
 
This chapter describes the methods to match the images. The methodology used for image 

registration in this thesis is based on the Hausdorff Distance proposed by (Evans et al.) [27]. 

The results from matching images using search process are contributed by (Conte et al.) [37].  

The algorithms are developed in MATLAB. 

 

4.1. System Description 

 
Figure 4.3 shows a satellite image of the flight test area located in Revinge, Sweden. Apart 

from emergency services training school, this area consists of a collection of buildings and 

roads. This provides an ideal flight test area for experimenting photogrammetric and 

surveying scenarios, in addition to scenarios involving emergency services. A 3D model for 

this area has been constructed which has proven invaluable in simulation tests and as a 

visualization tool. Parts of the model are integrated in the on-board geographic information 

system (GIS) and are used by many of the services in the architecture including the path 

planner [35]. The aerial image sequence is used as an input in this video based navigation 

system. Since the camera is fixed on the helicopter, the optical axis of the camera varies 

according to the helicopter attitude. 

 

Figure 4.1 shows the overall block diagram of the Navigation system. This navigation system 

consists of an Inertial Navigation System (INS), a GPS, Optical Flow and the image matching 

systems. The INS consists of an accelerometer and gyrometer. The INS measures the 

helicopter acceleration and angular rotation frequently. There is an approximate error on this 

acceleration as the helicopter is continuously flying and it is very difficult for the system to 

calculate the absolute position of the helicopter due to the continuous change in the velocity 

of the helicopter. A GPS is an effective system but as discussed earlier GPS systems can be 

jammed easily i.e. it can also be disturbed by an external system. The optical Flow method is 

based on Feature matching. The disadvantages of this technique are speed and control. The 

feature matching is quite slow to perform as the system iteratively takes images as input from 

the camera and there is a possibility of error in the estimation of position. The Image 

matching system consists of aerial images taken from the camera on the helicopter pointing 

down and the satellite images used as reference image.  

All these error estimations are provided to a Kalman Filter based system that provides the 

corrected position, velocity and angular rotation of the helicopter. 
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Figure 4.1. Block Diagram of the Navigation System
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This technique does not take account of position information from GPS as the goal of the 

research is to make navigation robust and fast using other research techniques. As discussed 

earlier, the GPS is an effective system but can be jammed easily i.e. it can also be disturbed 

by an external system. 

The feature matching in the Optical flow system is quite slow to perform as the system 

iteratively takes images as input from the camera and there is a possibility of error in the 

estimation of position. The position is estimated through the instantaneous velocity of camera 

motion (rotation and transmission) parameters. This instantaneous velocity is provided to the 

Kalman filter based system. 

These errors from the INS and optical flow system are corrected in the Kalman filter system 

which provides the corrected position, velocity, acceleration and angular rotation of the 

helicopter. 

“An INS mechanization function performs the time integration of the inertial sensors while 

the Kalman filter function estimates the INS errors. The errors estimated by the Kalman filter 

are then used to correct the INS solution. The Kalman filter implemented uses 12 states: 3 

dimensional position error, 3 dimensional velocity error, 3 attitude angle error (pitch, roll, 

heading) and 3 accelerometer biases. The Kalman filter uses the position update from the 

vision system to estimate such errors.”[37] 
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4.2. Data 
 
The helicopter images are 360 X 288 resolution. The flight altitude above the ground is 30 

meters. The focal length of the camera at x-axis was found to be 945.67 

while the focal length of the camera on y-axis was found to be 1036.19. 

The orthophoto is aligned to North with 0.5meter/pixel resolution. The orthophoto is 1100 x 

900 meters. The centre point of the images is 55.723810, 13.471218, 50.671121 in wgs84. 

The helicopter image and the orthophoto are shown in Figure 4.2 and 4.3 respectively. 

 

 

 
 

Figure 4.2. The helicopter image 
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Figure 4.3. The orthophoto: satellite image of Revinge, Sweden 
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4.3. Proposed Methodology 
 

Two images, orthophoto and one helicopter image are considered initially for the matching. 

The initial methods for edge detection and image aligning are same for both the methods 

based on Hausdorff Distance and Image searching is same. Image matching is performed 

using these two methods. 

 

A rough outline for algorithm is: 

 

• Capture a video frame  

• Perform Image filtering on helicopter image 

• Perform edge detection on orthophoto 

• Locate the centre point in the orthophoto 

• Resize the helicopter image 

• Overlay the two images and perform image matching using any of the two methods 

• Estimate error calculation 

 

 

The difference between this work and the work done [27] is that the images used in previous 

work deals with the images of same size. The work developed in this thesis is part of the 

images taken from low altitude of 30 m above the ground that which are to be registered with 

a satellite image. While the previous work is based only on the images taken at different times 

and through different sensors but not on images with varying sizes. 
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Figure 4.4 Illustration of the proposed methodology 
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4.4. Capturing the Video Frame: 

 
The camera calibration of the video was performed by Gianpaolo Conte at WITAS. The video 

length is 25.40 sec. After performing the camera calibration on the video there came out to be 

exactly 25 frames per seconds. The total number of frames in this video is 620. 

 

4.5. Image Filtering 
 
“It is highly advantageous to apply median filter on images to reduce noise in an image before 

applying higher level of operations such as edge detection.  

Median filtering is similar to using an averaging filter, in that each output pixel is set to an 

average of the pixel values in the neighbourhood of the corresponding input pixel. However, 

with median filtering, the value of an output pixel is determined by the median of the 

neighbourhood pixels, rather than the mean. The median is much less sensitive than the mean 

to extreme values (called outliers). Median filtering is therefore better able to remove these 

outliers without reducing the sharpness of the image.”[32] 

To calculate the median value, an image is scanned through the image pixels e.g. for a 3 X 3 

matrix the calculation of median filter is shown in example below. 

 

10 30 5 

20 200 20 

15 10 30 

 

The neighbourhood values of the 3 X 3 matrix will be: 

5 10 10 15 20 20 30 30 200 

The median value of the above 3 X 3 matrix is 20. 

 

The median filter was applied on the Figure 4.1 and yields the result in Figure 4.4. 
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Figure 4.5. Median Filter applied on the helicopter image 

 

 

4.6. Edge Detection: 

 

“The goal of edge detection is to mark the point at which the intensity changes sharply. Edges 

in images are areas with strong intensity contrasts – a jump in intensity from one pixel to the 

next. Edge detecting an image significantly reduces the amount of data and filters out useless 

information, while preserving the important structural properties in an image. There are many 

ways to perform edge detection. However, the majority of different methods may be grouped 

into two categories, gradient and Laplacian.” [34]  

The edge detection was applied on the filtered helicopter image and the cropped orthophoto. It 

was found out that “Sobel” filter provides a more optimal detection scheme for edge 

detetction. 

 

Figure 4.6 and 4.7 shows the detected edges of the filtered helicopter image and the cropped 

orthophoto. 
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Figure 4.6. Detected edges in the helicopter image 

 

 

 

 

 

Figure 4.7. Detected edges in the cropped orthophoto 
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4.7. Image Compensation 

 

Resizing of image plays an important part in the application of image registration. Since the 

helicopter images are 360 X 288 resolution and the orthophoto 1100 X 900 meters it is 

important to resize the helicopter image so that objects in both the images are equal in size.  

Each frame is assigned a heading vector expressed in degrees related to north direction. For 

example the first element of the vector represents the heading of the frame "img0.pgm" This 

information is needed in order to align the frame to the orthophoto before the matching. 

The helicopter image is resized by minimizing the pixels on both x-axis and y-axis. The 

resizing factor was calculated by dividing the focal length of the camera on both the axis by 

the relative frame pressure offset.  

The frame pressure offset is there because of the assumed unknown displacement in the 

camera position. The difference in unknown offset is shown in the error graphs in results 

section.  

The resized and rotated helicopter image is shown in Figure 4.8. 

 

 

 

Figure 4.8. The resized and rotated helicopter image 
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4.8. Image Matching 
 
The image matching is performed on the helicopter images and the cropped orthophoto. There 

are two algorithms for image matching proposed in this thesis.  

• Matching Images using Hausdorff Distance  

• Matching Images using search process 

 

The methodology used for image registration in this thesis is based on the Hausdorff Distance 

proposed by (Evans et al.) [27]. The methodology proposed for matching images using search 

process is contributed by Gianpaolo Conte.  

 

4.8.1. Matching Images using Hausdorff Distance  
 
The proposed algorithm searches the area, with 10 X 10 pixel interval to find the matching 

point in the orthophoto. Since the resolution of the orthophoto is 0.5 meters/pixel, the real 

search interval is approximately equal to 20 m X 20 m. Hausdorff Distance is then estimated 

at each interval using the equation no. 3.52. 

 

H (A, B) = max {h (A, B), h (B, A)}    eq. 4.1 

Where 

   h (A,B) = max min || a – b||     
         a A b B 

 
For calculation of hausdorff distance from set of points in A to the set of points in B, h (A, B) 

and h (B, A) were calculated and the values were sorted out in the ascending order. This 

means that the value that was found to be closest to “0” was given a higher rank than the rest 

of the values. The maximum value among the two Directed Hausdorff Distance was 

considered to be the generalized hausdorff distance estimation between the two sets of points.  

To make the matching more robust, it was important to minimize the search mechanism equal 

to 1 X 1. That means searching the real orthophoto 2 m X 2m. This minimization of search 

interval leads the estimation of distance and image matching more robust but time consuming. 

It was found that a search interval of 10 X 10 pixels was fast enough to match the images in 

appropriate time.  

The program was also run with 5 X 5 pixel and 15 X 15 pixel interval apart. The result of 

which are discussed in results section. Figure 4.9 shows the matched image from one frame 

with 10 X 10 pixel interval using Hausdorff Distance. 



 54 

 
 

Figure 4.9. Image matching using Hausdorff Distance  
 

The original Hausdorff Distance in eq (4.1) is of limited usability in a robust authentication 

application because of its sensitivity to outliers. [27] Therefore, a modified Hausdorff distance 

was developed in [27], which are given by: 

 

hg =(M,N) = αi min || mi – n||,    where αi =  +1, +0.75, +0.5 
  

    n N 
 

The generalized Hausdorff distance hg(M,N) is the maximum of hg(M,N) and hg(N,M). [27] 

 

 
 
 The timing profile for each function namely, function for filter, image resizing, crop, edge 

detection and image matching are also calculated for the three different search intervals. The 

results of which are discussed in results section. 
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4.8.2 Matching Images using search process 
 

The search process is performed on the two images by a goodness of match function. The two 

images, helicopter image and the orthophoto were overlapped and then using the search 

process computes the goodness of match. 

In this algorithm, the helicopter image searches the area within the orthophoto to find the 

matching point. The resolution of the orthophoto is 0.5 meters/pixel; the real search interval is 

approximately equal to 2 m X 2 m. The helicopter image was overlapped on the orthophoto 

and then starts searching for the position where the highest numbers of pixels matched 

between the two images were found equal. Figure 4.10 shows the matched image from one 

frame using search process. 

 

 

 

 

Figure 4.10. Image Matching using search process 

 

The timing profiles for each function namely, function for filter, image resizing, crop, edge 

detection and image matching are also calculated. The results of which are discussed in results 

section. 
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4.9. Error Estimation 

 

4.9.1 Error Estimation in Position 

 

The error in absolute position is calculated by comparing the position of helicopter provided 

by GPS and the position provided by image match. The GPS coordinates are not used in 

algorithm but they are used for calculating error in the position.  

This error in the position comes due to the assumption that the camera on board is looking 

down. But in actual problem the camera position may vary due to the change in the pitch of 

the helicopter. The helicopter maybe rotating and it can create difference in position provided 

by GPS and the position estimated by the image match.  

This process can well be explained through the figure below: 

 

 

 

 

Figure 4.11. Position estimation when GPS and Camera Position is same 
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Figure 4.12. Difference in position estimation from INS-GPS and image match 

 

Suppose if the position estimated by INS-GPS is “d” and the position estimated by image 

match is “do “, then according to figure 4.11: 

 

D = d = do 

 

And according to figure 4.12: 

 

D = d - do 

 

The errors are calculated on east direction and north direction. With respect to these errors the 

total error on both directions is calculated. 

If X is the length of the orthophoto on x-axis and Y is the length of orthophoto on y-axis, X1 

is the length of helicopter image on x-axis and Y1 is the length of helicopter image on Y-axis, 

X0 is the centre point of the distance from the center point of orthophoto to the center point of 

the matched helicopter image on x-axis, likewise, Y0 is the center point of the distance from 

the center point of the orthophoto to the center point of the matched helicopter image on y-

axis then the error on north and east direction can be calculated by: 
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err_east = (X1/2+X0-X/2) * ImageRes   eq. 4.2 

 

 

err_north = (Y1/2+Y0-Y/2) * ImageRes   eq. 4.3 

 

 

where ImageRes is the resolution of the orthophoto. 

And the total error can be calculated by: 

 

Total_error =  )2(err_notth +  2(err_east)     eq. 4.4 

 

 

4.10. Code Description 
 

The MatchScript is the main program that can be run from MatLab command prompt. 

Program MatchScript_4, Matching_4 and hausdorff are available in Appendix of the report. 

To run the program, just write Matchscript_4 and the program starts using the Matching 

function. The Hausdorff function is incorporated in the Matching_ file. 

The error plot is in comments, to generate the error plots just uncomment the lines 25-32 in 

MatchScript_4. 

Add data in the folder such as PGMs in all one folder and change the path in line 4 in 

MatchScript_4. Same procedure applies for orthophoto in line 5. 

All files are needed to be set in the same folder 

To change the frame pressure values just add +5 or +10 in line 22 of Matching_4 file. 
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5. RESULTS 

 

The results are drawn from different matching techniques for the helicopter images and the 

orthophoto. 

The two matching techniques used are: 

• Matching Images using Hausdorff Distance  

o Matching Images using modified Hausdorff Distance  

• Matching Images using search process 

 

The error plots were plotted against each frame number to find the error in distance from each 

match as discussed in error estimation in position. The timing profile for each function in the 

algorithms was also estimated and compared with both programs.  The calculation of error 

and the timing profile for each function has been performed in MATLAB. 

 

 

5.1. Matching Results based on Hausdorff Distance 

 

The matching results using Hausdorff Distance estimation are calculated on the basis of four 

factors. The images were matched using “Generalized Hausdorff Distance” equation with 

three different possibilities for offset values on frame pressure sensor. This offset was 

changed with 0 m, +5 m and -5 m. The error plots were plotted against each frame number to 

find the error in distance from each match. The distance is calculated on North and East 

direction and then an overall error is calculated as discussed in the methodology section. The 

error calculation with respect to offset in frame pressure sensor is important as it corresponds 

to the altitude of the motion camera from the ground and can cause effects such as false 

matching. 

This error calculation is done by comparing the position from onboard GPS. The calculation 

of GPS based coordinates are only used for estimation of error and not for navigation purpose. 

 

Figure 5.1 shows the error plot for Hausdorff distance estimation image matching. It can be 

seen that there is an offset of 10 meters in the plot already when offset value for frame 

pressure is “0”. 
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Figure 5.1. Applied Hausdorff Distance when Frame Pressure offset is 0 
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Figure 5.2 shows the error plot for Generalized Hausdorff Distance estimation image 

matching. It can be seen that there is an offset of around 15 meters in the plot already when 

offset value for frame pressure is “+5 m”. 

 

 

 

Figure 5.2. Applied Hausdorff Distance when Frame Pressure offset is +5 
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Figure 5.3 shows the error plot for Generalized Hausdorff Distance estimation image 

matching. It can be seen that there is an offset of around 5 meters in the plot already when 

offset value for frame pressure is “-5 m”. 

 

 

Figure 5.3. Applied Hausdorff Distance when Frame Pressure offset is -5 
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5.2. Matching Images using search process 

 

The search process is performed on the two images by a goodness of match function. The 

images were matched using “Search Process” with three different possibilities for Frame 

pressure sensor. The frame pressure sensor values were changed with 0, +5 and –5. The error 

plots were plotted against each frame value to find the error in distance from each match. The 

distance is calculated on North and East direction and then an overall error is calculated from 

the distance in East and North directions. As discussed above, the error calculation with 

regard to Frame Pressure sensor is important as it corresponds to the altitude of the motion 

camera from the ground and can cause false matching.  

 

Figure 5.4 shows the error plot corresponding to the assumption of no offset in Frame 

pressure sensor.  It can be seen that there is an offset of around 10 meters in the plot already 

when offset value for frame pressure is “0 m”. 

 

 

 

 

Figure 5.4. Using search process when Frame Pressure is 0 m 



 65 

Figure 5.5 shows the error plot corresponding to the assumption of 5 m offset in Frame 

pressure sensor.  It can be seen that there is an offset of around 10 meters in the plot already 

when offset value for frame pressure is “5 m”. 

 

 

 

Figure 5.5. Using search process when Frame Pressure offset is 5 m 
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Figure 5.5 shows the error plot corresponding to the assumption of -5 m offset in Frame 

pressure sensor.  It can be seen that there is an offset of around 5 meters in the plot already 

when offset value for frame pressure is “-5 m”. 

 

Figure 5.6. Using search process when Frame Pressure offset is -5 
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5.3. Matching Images Using Modified Hausdorff Distance 

 

Figure 5.7 shows the error plot when the alpha for modified Hausdorff distance is 1.  

 

 

Figure 5.7. Applied modified hausdorff distance when alpha is 1 
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Figure 5.8 shows the error plot when the alpha for modified hausdorff distance is 0.75 

 

 

 

Figure 5.8. Applied modified hausdorff distance when alpha is 0.75 
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Figure 5.9 shows the error plot when the alpha for modified hausdorff distance is 0.5 

 

 

 
Figure 5.9. Applied modified hausdorff distance when alpha is 0.5 
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5.4. Timing Estimation 

The timing estimation is performed on the program to evaluate the computation of the 

program. This timing estimation was performed on each function of the two programs 

namely: match time, resize time of the helicopter image, crop time for the orthophoto, image 

Filtering of the helicopter image, edge detection of helicopter image. 

 

 Image Search Method 

 

Hausdorff Distance 

(with 10 pixel interval) 
Match Time 0.906 sec 1.719  sec 

 

Resize Time 0.265 sec 0.193 sec 

Crop Time for orthophoto 0.015 sec 0.094 sec 

Filtering Time for helicopter 

image 

0.438 sec 1.953 sec 

Edge detection for helicopter 

image 

0.141 sec 0.875 sec 

 

Table 5.1. Timing profile for each of the functions in the two algorithms 

 

 5 pixels interval 

 

10 pixels interval 

 

15 pixels interval 

 

Match Time 0.953 sec 1.719  sec 
 

0.953 sec 
 

Resize Time 0.125 sec 0.193 sec 0.125 sec 

Crop Time for 

orthophoto 

0.047 sec 0.094 sec 0.015 sec 

Filtering Time for 

helicopter image 

0.562 sec 1.953 sec 0.437 sec 

Edge detection for 

helicopter image 

0.141 sec 0.875 sec 0.147 sec 

 

Table 5.2. Timing profile for Hausdorff distance based technique with different search 

intervals 
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 Modified Hausdorff Distance 

with alpha = 0.75 

 

Modified Hausdorff 

Distance with alpha = 0.5 

 

Match Time 1.015 sec 
 

1.112  sec 
 

Resize Time 0.016 sec 0.019 sec 

Crop Time for 

orthophoto 

0.015 0.031 sec 

Filtering Time for 

helicopter image 

0.484 sec 1.953 sec 

Edge detection for 

helicopter image 

0.109 sec 0.875 sec 

 
Table 5.3. Timing profile for Modified Hausdorff distance based technique with different 

values for alpha 
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6. Conclusion 
 

In this thesis, two image registration methodologies were discussed and the compared. The 

comparison was done on the basis of robustness and speed. This thesis discussed the 

implementation of two techniques on the basis of reliability and robustness. The 

implementations are also fast enough to match the images in real time system environment. 

Both the techniques i.e. Hausdorff Distance and Image search techniques work on intensity 

edges, different types of air-borne models and images, works quite reliably on images with 

outliers. These techniques are fast enough to be useful for many different applications. The 

emphasize was given on object shape matching.  

These algorithms show good matching in the whole. Experiments with the aerial images and 

the orthophoto show the effectiveness of the proposed integrated positioning system in terms 

of error estimation in position. 

As shown from the error plots that the images were not matched completely when the edges 

especially in the final frames. It was mainly due to the absence of clean objects in the 

helicopter image.  

To make the matching more robust, it is important to minimize the search mechanism equal to 

1 X 1. But this process will be very slow to perform on a real time system and hence can be 

performed with on some other more robust technique. 

More matching techniques can be used to correctly match the images where there is less 

information available on the image. 

The timing profile of each algorithm showed the fast computation of image matching while 

using only the search based method.  
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7. Appendix: 

 

7.1. MatchScript_4: 
 
% Matching script 
close all 
%addpath d:/slam/Revinge/'Anke video'/pgm/ 
addpath \\tellus\x06syeha\pc\Desktop\Syed\'Flight data'\pgm 
addpath \\tellus\x06syeha\pc\Desktop\final_resize 
load SINCDATA1.mat 
load ORTHO_EDGE_SOBEL.mat 
 
for i= 0 
    i 
[err_north,err_east,err_tot,matchY_on_ortho,matchX_on_ortho,resizeTime,matchTime,edgeh
elTime,medfilTime,cropTime] = 
Matching_4(ORTHO_EDGE_SOBEL,0.5,i,strcat('img',mat2str(i),'.pgm'),FRAME_DATA); 
CROPTIME(i+1)=cropTime; 
    MEDFILTIME(i+1)= medfilTime; 
    EDGEHELTIME (i+1) = edgehelTime;     
    RESIZETIME(i+1) = resizeTime; 
    MATCHTIME (i+1) = matchTime; 
    ERR_NORTH(i+1)=err_north; 
    ERR_EAST(i+1)=err_east; 
    ERR_TOT(i+1)=err_tot; 
    %MATCH_PAR(i+1)=match_param; 
    F(i+1)=getframe; 
     close all 
end 
% figure 
% plot(ERR_TOT); 
% hold on; 
% xlabel('Frame Number') 
% ylabel('Error in meters') 
% for i=0:619 
% %     text(i+1,1,strcat('img',mat2str( i ),'.pgm'),'Rotation',270,'FontWeight','bold') 
%       text(i+1,1,i,'Rotation',270,'FontWeight','bold') 
% end 
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7.2. Matching_4.m 

 
% Image matching 
%Matching('revinge.2200x1800.bmp',0.5,100,'img100.bmp',FRAME_DATA); 
function 
[err_north,err_east,err_tot,matchY_on_ortho,matchX_on_ortho,resizeTime,matchTime,edgeh
elTime,medfilTime,cropTime] = 
Matching_4(Orthophoto,ImageRes,FrameNumber,FrameName,FRAME_DATA) 
REARTH = 6400000;   % earth radius [m] 
%ImageRes = 0.5; %metres/pixel 
ImageCenterLat = 55.723810/180*pi;  
ImageCenterLong = 13.471218/180*pi; 
ImageDimX = 1100;  % Image dimension in meters (East)  
ImageDimY = 900;  % Image dimension in meters (North)  
Frame = FrameNumber + 1; 
%FlightAltitude = 30; 
%ResizeFactor = 176.4706; 
PixRangeX = 80/ImageRes; % Image registration in window 80x80 meters  
PixRangeY = PixRangeX; 
 
% Frame latitude, lungitude, heading (assumption: frame lat, long, head = helicopter lat, long, 
head) 
FrameLat = FRAME_DATA(Frame,1)/180*pi; 
FrameLong = FRAME_DATA(Frame,2)/180*pi; 
FrameHead = FRAME_DATA(Frame,3); 
FrameTheta = FRAME_DATA(Frame,4); 
FramePhi = FRAME_DATA(Frame,5); 
FramePress = FRAME_DATA(Frame,6); % +5, +10 
 
DLat = FrameLat - ImageCenterLat; 
DLong = FrameLong - ImageCenterLong; 
 
DY = REARTH*DLat;                       % North 
DX = REARTH*DLong*cos(ImageCenterLat);  % East 
 
PosPixX = (DX + ImageDimX/2)/ImageRes;  
PosPixY = (-DY + ImageDimY/2)/ImageRes; 
tic; 
% Plot edges of the crop of orthophoto 
%Figure 1 
Rect = [PosPixX-PixRangeX/2 PosPixY-PixRangeY/2 PixRangeX PixRangeY]; 
ORTHO_CROP_EDGE = imcrop(Orthophoto,[Rect]); 
%%figure 
%%imshow(ORTHO_CROP_EDGE) 
cropTime = toc; 
% Plot helicopter camera view 
%Figure 2 
%%figure 
HELIVIEW=imread(FrameName); 
%%imshow(HELIVIEW) 
%%title('Helecopter image') 
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% Plot edges of the camera view filtered 
%Figure 3 
tic; 
HELIVIEW_FILT = medfilt2(HELIVIEW,[10 10]); 
medfilTime = toc; 
%figure 
%imshow(HELIVIEW_FILT) 
%Figure 4 
tic; 
HELIVIEW_EDGE_FILT=edge(HELIVIEW_FILT,'sobel'); 
edgehelTime= toc; 
%figure 
%imshow(HELIVIEW_EDGE_FILT) 
tic 
% Camera view cropping 
 
Px=(945.6/2*0.5/FramePress); 
Py=(1036.2/2*0.5/FramePress); 
si=size(HELIVIEW_EDGE_FILT);  
dimX=(si(2)/Px); 
dimY=(si(1)/Py); 
for m=1:dimX 
    for n=1:dimY 
        HELIVIEW_EDGE_FILT_CROP(n,m)=0; 
        for j=(Px*(m-1)+1):((Px*(m-1))+Px) 
            for k=(Py*(n-1)+1):((Py*(n-1))+Py) 
                int_j=int16(j); 
                int_k=int16(k); 
                if HELIVIEW_EDGE_FILT(int_k,int_j)==1 
                    HELIVIEW_EDGE_FILT_CROP(n,m)=1; 
                    break; 
                end 
            end 
            if HELIVIEW_EDGE_FILT_CROP(n,m)==1 
                break; 
            end 
        end 
    end 
end 
 
%figure 
%%imshow(HELIVIEW_EDGE_FILT_CROP) 
 
% Camera view cropped to remove black outlines 
i=2; 
HELIVIEW_EDGE_CUT_FILT_CROP = HELIVIEW_EDGE_FILT_CROP(1+i:end-
i,1+i:end-i); 
 
%figure 
%imshow(HELIVIEW_EDGE_CUT_FILT_CROP) 
 
% Camera view rotated 
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HELIVIEW_EDGE_ROT_FILT_CROP=imrotate(HELIVIEW_EDGE_CUT_FILT_CROP,-
FrameHead); 
%figure 
%imshow(HELIVIEW_EDGE_ROT_FILT_CROP) 
 
 
% ORTHO_CROP_EDGE     FILTERED_EDGE_ROT 
resizeTime = toc; 
load palette.mat; 
source_bit = uint8(and(double(ORTHO_CROP_EDGE),255)); 
target_bit = uint8(and(double(HELIVIEW_EDGE_ROT_FILT_CROP),255)); 
 
source_clr = uint8(double(source_bit) * 30); 
target_clr = uint8(double(target_bit) * 180); 
%figure 
%imshow(source_clr,map); 
%figure 
%imshow(target_clr,map); 
 
 
 
[y_source,x_source] = size(source_bit); 
[y_target,x_target] = size(target_bit); 
 
%finalY=1; 
%finalX=1; 
%finalhaus=1000; 
tic; 
haus=[]; 
count=0; 
for y = 1:15:y_source-y_target, 
 for x = 1:15:x_source-x_target, 
      count=count+1; 
      if sum(sum(source_bit([y:y+y_target],[x:x+x_target]))) > 10 
         haus(count,:)=[hausdorff( source_bit([y:y+y_target],[x:x+x_target]) , target_bit ) y x ]; 
      else 
         haus(count,:)=[100 y x]; 
      end 
      %if(haus(count,3)<finalhaus) 
  % finalhaus=haus(count,3); 
  % finalY=y; 
  % finalX=x; 
  %end 
 end 
end 
Sorthaus=sortrows(haus,1); 
matchTime = toc; 
%dy=73; 
%dx=58; 
%final([67:(67+x_source-1)],[87:(87+y_source-1)])=target([67:(67+x_source-
1)],[87:(87+y_source-1)])+source; 
%final([dy:(dy+y_source-1)],[dx:(dx+x_source-
1)])=uint8(double(target_clr([dy:(dy+y_source-1)],[dx:(dx+x_source-
1)]))+double(source_clr)); 
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%final([finalY:(finalY+y_target-1)],[finalX:(finalX+x_target-
1)])=uint8(double(source_clr([finalY:(finalY+y_target-1)],[finalX:(finalX+x_target-
1)]))+double(target_clr)); 
%figure 
%for c=1:8, 
% final=source_clr; 
% final([Sorthaus(c,2):(Sorthaus(c,2)+y_target-
1)],[Sorthaus(c,3):(Sorthaus(c,3)+x_target-
1)])=uint8(double(source_clr([Sorthaus(c,2):(Sorthaus(c,2)+y_target-
1)],[Sorthaus(c,3):(Sorthaus(c,3)+x_target-1)]))+double(target_clr)); 
%   subplot(2,4,c) 
%   imshow(final,map); 
%   title(STRCAT('fig-',mat2str(c))) 
%end 
final=source_clr; 
match_y = Sorthaus(1,2); 
match_x = Sorthaus(1,3); 
final([match_y:(match_y+y_target-1)],[match_x:(match_x+x_target-
1)])=uint8(double(source_clr([match_y:(match_y+y_target-1)],[match_x:(match_x+x_target-
1)]))+double(target_clr)); 
imshow(final,map); 
 
 
    Cnb(1,1) = cos(FrameTheta/180*pi)*cos(FrameHead/180*pi); 
    Cnb(1,2) = sin(FramePhi/180*pi)*sin(FrameTheta/180*pi)*cos(FrameHead/180*pi)-
cos(FramePhi/180*pi)*sin(FrameHead/180*pi); 
    Cnb(1,3) = 
cos(FramePhi/180*pi)*sin(FrameTheta/180*pi)*cos(FrameHead/180*pi)+sin(FramePhi/180*
pi)*sin(FrameHead/180*pi); 
    Cnb(2,1) = cos(FrameTheta/180*pi)*sin(FrameHead/180*pi); 
    Cnb(2,2) = 
sin(FramePhi/180*pi)*sin(FrameTheta/180*pi)*sin(FrameHead/180*pi)+cos(FramePhi/180*
pi)*cos(FrameHead/180*pi); 
    Cnb(2,3) = cos(FramePhi/180*pi)*sin(FrameTheta/180*pi)*sin(FrameHead/180*pi)-
sin(FramePhi/180*pi)*cos(FrameHead/180*pi); 
    Cnb(3,1) = -sin(FrameTheta/180*pi); 
    Cnb(3,2) = sin(FramePhi/180*pi)*cos(FrameTheta/180*pi); 
    Cnb(3,3) = cos(FrameTheta/180*pi)*cos(FramePhi/180*pi); 
     
    d = FramePress/Cnb(3,3); 
    comp_north = Cnb(1,3)*d; 
    comp_east = Cnb(2,3)*d; 
     
err_east=(x_target/2+match_x-PixRangeX/2)*ImageRes + comp_east; 
err_north=(y_target/2+match_y-PixRangeY/2)*ImageRes - comp_north; 
 
err_tot=sqrt(err_north^2+err_east^2); 
 
%comp_err_east=(dimX2/2+match_x-PixRangeX/2)*ImageRes; 
%comp_err_north=(dimY2/2+match_y-PixRangeY/2)*ImageRes; 
 
matchY_on_ortho = (PosPixY-PixRangeY/2) + match_y; 
matchX_on_ortho = (PosPixX-PixRangeX/2) + match_x; 
%y_target  
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%x_target 
%match_on_ortho_Y_heli_centre = (PosPixY-PixRangeY/2) + match_y + (y_target / 2) 
%match_on_ortho_X_heli_centre = (PosPixX-PixRangeX/2) + match_x + (x_target / 2) 
 
 

7.3. Hausdorff.m 
 
 
% hausdorff 0.1 beta 
%% calculating the hausdorff distance 
%% between two image points 
 
function [haus] = hausdorff(pic1,pic2); 
 
[P1x P1y] = find(pic1>0); 
[P2x P2y] = find(pic2>0); 
 
A1.x = P1x; 
A1.y = P1y; 
 
B1.x = P2x; 
B1.y = P2y; 
 
 
%% A1 and B1 are feature points 
 
% Authored January 2005 by Divyanshu Vats 
% Copyright (c) 1999-2005 The University of Texas 
% All Rights Reserved. 
 
sizea = length(A1.x); 
sizeb = length(B1.y); 
 
% Ax = (A1.x - mean(A1.x))/std(A1.x); 
% Ay = (A1.y - mean(A1.y))/std(A1.y); 
%  
% Bx = (B1.x - mean(B1.x))/std(B1.x); 
% By = (B1.y - mean(B1.y))/std(B1.y); 
 
Ax = (A1.x)/std(A1.x); 
Ay = (A1.y)/std(A1.y); 
 
Bx = (B1.x)/std(A1.x); 
By = (B1.y)/std(A1.y); 
 
% Ax = A1.x; 
% Ay = A1.y; 
% Bx = B1.x; 
% By = B1.y; 
 
%% computing h(A,B) 
hab = 0; 
for i = 1:sizea 
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    j = 1:sizeb; 
    %dd = abs(A(i) - B(j)); 
    dd = ((Ax(i) - Bx(j)).^2 + (Ay(i) - By(j)).^2).^(0.5); 
    shortab(i) = min(dd); 
end 
 
al = 0.75; 
jj = sort(shortab); 
%hab = al*min(shortab) + (1-al)*max(shortab); 
%hab = jj(32); 
hab = sum(shortab)/sizea; 
 
%% computing h(B,A) 
hba = 0; 
for i = 1:sizeb 
    j = 1:sizea; 
%    dd = abs(A(j) - B(i)); 
    dd = ((Ax(j) - Bx(i)).^2 + (Ay(j) - By(i)).^2).^(0.5); 
    shortba(i) = min(dd); 
end 
jj = sort(shortba); 
%hba = al*min(shortba) + (1-al)*max(shortba); 
hba = sum(shortba)/sizeb; 
%hba = jj(50); 
haus = max(hab,hba);%/max(stdxa,stdxb); 
%haus = h; 
 
The code hausdorff.m has been developed by (evans et al.) referenced in [27.] 
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