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Abstract 

 

 

 
Height estimation of objects can be implemented both for soft-biometrics and as an 

object tracking feature. In first case we can eliminate some possible subjects having 

considerably different height than the observed one, and focus on determining more 

distinctive remote identification features, like colour, face or ear, and search for similar 

subjects in a smaller set of possible candidates. For object tracking it can be used for 

temporal and spatial correspondence analysis as well or simultaneously for both in case 

of having different cameras. 

In this thesis we propose a novel method for automatic estimation of height using an 

uncalibrated camera. Nowadays such cameras can be found in any corner for different 

purposes like as for security reasons.  A crucial moment in height estimation is finding 

vanishing points. In the method we use RANSAC to estimate best vanishing point from 

several estimated candidate points. The method has the new advantages that from 

different frames and their respective height estimations, automatically determines 

certain reasonable heights depending on height measurements distribution.  

With spreading of camera implementation in common applications, we believe this new 

software can be widely applied in as many fields as it can be imagined. 

 

Keywords: height estimation, projective geometry, video analysis. 
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1 Introduction 
In this chapter, an overview of the problem, the scope of the thesis and its structure will 

be given. 

 

1.1 Problem statement 
 

Images or sequences of images potentially carry a tremendous amount of 

geometrical information about the scene represented. The aim of this thesis will be to 

extract this information in a quantifiable, accurate way. 

Photogrammetry is the process of obtaining measurements from images. Image 

measurements are being used to provide useful information about the course of events 

and the size of items and persons i.e. in a crime scene. One of most commonly reported 

forensic activity that involves photogrammetry is human height analysis. 

Human height estimation has many important applications such as soft-

biometrics and human tracking. In the first case, the stature can be used to rule out the 

possibility that a particular person is the same person from the surveillance cameras. In 

the latter case, it can be exploited to distinguish among a small set of tracked people in 

the scene. 

The stature, therefore, may become a very useful identification feature. In the 

cases with two or more images, the stature estimation by stereo matching is 

computationally expensive and there exists ambiguity being resident in the stereo 

correspondence, which is not overcome efficiently so far. 

In the case of only one image available, the stature measurement from single 

image has to be performed. 
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In order to estimate it, the only thing it must be done by a human will be to take 

a real height from the scenario where the camera is pointing. This point will be crucial 

in our method. 

Thus, the aim of this thesis will be to deal with a situation where the camera has 

fixed position and the subjects have optional movement in front of the camera. This 

camera will have to be previously fixed in a certain scenario. This point will be 

explained throughout this report. 

 This thesis has been made using another thesis already made by Roberto 

Sánchez-Rey, from where the used algorithm for detecting moving people has been 

taken and will be used for this purpose. 

1.2 Scope of thesis work 
 

This thesis is a guideline to prove that pretty good results can be obtained on 

height estimation just by using a simple ratio, limited hardware and the proper software. 

The goal is not just to measure the height of the person that is going to be 

studied, because this is already done a long time ago. Just taking a frame from a video 

and manually selecting the reference height from the reference object and the height to 

be measured, using the ratio, it will be possible to be done easily due to projective 

geometry.  

The new features which are presented here are the possibility of placing a 

camera in a certain scenario and fixing it there, it will be possible to detect 

automatically in what kind of scenario we are placed and once we have provided a real 

height in there, automatically will detect people and show their height. 

In this thesis, we are not going to worry about what we are going to do later with 

these measures we are getting. But a lot of things can be done after this. Based on the 

fact that we already have cameras almost everywhere and that just with a simple camera 

is enough, we could use this technique in as many applications as we imagine. 
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Knowing that people don’t have to stop in front of the camera and that they even 

don’t need to realize that they are getting measured, a height study about the population 

in a city or even a country can be made. But this is just a simple example about all the 

new possibilities that this technique provides. This method that is going to be explained 

during this report, will try to explain which steps must be followed in order to estimate 

the heights we are looking for. The main goal is not to get the most accurate 

measurement in every case, a lot of measures will be made along the videos, some of 

them with some error, but in the end a clear idea about the height of the person will be 

made. 

Many different fields will be studied along this thesis, so it is not a thesis about 

going deeply in all of them, just using easy and effective solutions for all of them will 

be made. If we want to improve our solution we could just go deep in every step made 

and try to improve it with better solutions. Then, it can be made more robust and 

accurate than what it is presented below. 

 

1.3 Outline of the thesis 
 

The report will be divided in different chapters, depending on the goal of each of 

them. In the background section there are some turnovers on recent researches and 

comparisons between the previous studies made before and our new technique. After 

taking a look at the background, what is going to be explained are the theoretical 

principles, which explain how height estimation is based in this thesis. It will be also 

explained all the necessary elements which are going to be needed. Then, the main 

section is going to be presented. It is called “Design and Implementation”. Here, the 

strategy followed in order to solve the problem proposed is shown. In this section, the 

entire thesis is going to be divided in two main parts. 

The first one is going to concern about everything related to identify and classify 

automatically in what kind of scenario the camera is placed. Mentioning all the 

algorithms and methods used and why we have chosen them. 
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The second one will care about the part referring to people tracking and how it 

has been made. Explaining the way we have decided to do it. This part, as it was 

mentioned before, has been taken from another thesis work, made by Roberto Sanchez-

Rey, and during this report it will be explained briefly the methods used to get the 

resulting algorithm. If more information wants to be known about this algorithm, it can 

be found in his thesis report. 

After this section, there will be another one trying to clarify which software we 

have been used and how we have been able to join all of them in order to run altogether. 

At the end the results will be shown and analyzed. The last chapter will try to 

guide possible new researchers that would like to improve this method. Here, many 

guidelines about how to do it will be shown. 

 
 



 

 - 13 - 

2 Background and related work 
 

 

Body height estimation is a very useful data when we are talking about person 

identification. It is also well known that the use of video surveillance systems is 

growing every day and with them, the need of anthropomorphic clues in order to help 

the fight against delinquency. Detection and measuring of people is a basic aspect in the 

automatic security field. Nowadays the implementation of video surveillance system is 

widespread, but there is an important limitation: somebody has to be looking at the 

screen. This system is able to detect the intruder and to save his height without human 

intervention. This way is closer to the automated security paradigm.  

 In the other hand, automatic person height estimation could be really useful in 

anthropologic research because of the fact that it makes possible to measure without 

distorting the sample. In other words, the people that will be passing by the cameras, 

i.e.: a crowded street in a city, are not going to realize that they are being measured by 

this new system, so they will be measured as they really are, they will not try change 

their height, things that we do unconsciously whenever we notice that we are being 

observed. 

There are already several studies about human height detection. Those systems 

are manual methods just based on static pictures, but in all of them, a human supervisor 

is needed in order to make the measure on the picture. Regarding the detection of 

moving objects methods, there are some based on statistics, anthropometry and even in 

people gait. There are also some methods based on the knowledge of camera intrinsic 

parameters as well as based on stereoscopic camera, but in this case, a stage of 

calibration is always needed and it also needs someone with the knowledge enough to 

calibrate it. 

 

This project is based on projective geometry invariant ratios, which allow us to 

measure without doing any calibration on the camera or statistic methods. 
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This work is not looking for getting the best people detector, because there are a 

lot of already existing methods which can detect anyone passing in front of the camera 

with amazing precision. This part will be discussed in a final chapter that will explain 

deeply the way this system can be improved and in which fields it is possible to 

improve it. 

In a nutshell, our method combines ideas from projective geometry with simply 

people tracking algorithms. This way it is being offered more simplicity and the 

possibility to use almost every sort of cameras, such as standard webcams.  

Furthermore, most of the implemented algorithms are not new. But what it is not 

done yet is the idea of combining all of them and making them running in an 

autonomous and automatic way. 

 

This project is just looking for some new system that could be classified as “plug 

and play”, in other word, it is being trying to implement a system that just placing it on 

the right scenario, could be able to be set up by itself without needing anyone with 

special knowledge on this technology, easy to use for everyone



 

 - 15 - 

3 Theoretical principles 

 In this section the theoretical principles in which this thesis is based on are going 

to be presented.  

3.1 Introduction to Projective Geometry 
 

Projective geometry is a mathematic structure which studies the incidence 

between points and lines without taking in account the measure. So, it is right to say that 

projective geometry is a non-metrical geometry. 

Gérard Desargues is considered the first to take up this line of the mathematics, 

since he developed, in the 17th century, the mathematical support to the perspective 

methods used by the Renaissance artists at the beginning. In 19th century, the projective 

geometry was definitively included inside the mathematics, thanks to the development 

of an analytic model. This evolution ended at the beginning of 20th century; since 

Einstein proved that, at big scale, universe could be better interpret with this “new 

geometry” rather than with Euclidean geometry. However, in 1908 Hermann 

Minkowski discovered that Einstein's theory of Special Relativity was actually due to 

the existence of four dimensional space-time and could be analysed using projective 

geometry. 

Due to the use of projective geometry it is possible to compute real lengths 

directly from image measurements as we can see in Figure 2. 

 

 

 

 

 

 

 

 
Figure 1. Computing lengths from image measurements. 

http://www.google.com/url?q=http%3A%2F%2Fdesargues&sa=D&sntz=1&usg=AFQjCNHmqxQJRWWHVXT9jMIBIuHeLpEWzg
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3.2 Vanishing points and horizon line 
 

According with the principles of this discipline, parallel lines recede at a point 

called vanishing point which is considered to be at infinite. This convergence is 

illustrated in Figure 1, in which we can see a pair of vanishing points, V1 and V2, one 

for each group of parallel lines. 

Furthermore, as we can see in Figure 1, the vanishing points lie in the horizon 

line, also called vanishing line. 

 

 

  

 

 

 

 

 

 

 

Figure 2.  Vanishing points coming from different groups of parallel lines, form the vanishing line. 

 

 

As we will see later on, the horizon line is very useful. One of its properties is 

that it is located just at the same height than the observer focus. In other words, it is 

giving us the exact height of, in this case, the camera. So, not using calibration methods 

explicitly, projective geometry is giving us some external parameters. 
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 3.3 Cross-ratio 
 

The cross-ratio is a numerical invariant of an ordered 4-tuple of four points on a 

line and of four points from concurrent lines in a plane.  

 

It plays a prominent role in projective geometry because it is the only projective 

invariant of four points on a projective line. 

 

The meaning of this is that, if we have four points belonging to a line, the ratio 

between them is always the same, independently of the point ordering. We can see an 

illustration of this in the Figure 2. 

 

 

 

 

 

 

 

 

Figure 3.  Cross-ratio of four points of a line 

 

 

This is also valid when working in the image plane, because this is an invariant. 

This is the reason why the cross-ratio is so useful in height estimation. 

http://www.google.com/url?q=http%3A%2F%2Fgeometry&sa=D&sntz=1&usg=AFQjCNF1UBgzo2FjVJmG5iev6DS1l0Bujg
http://www.google.com/url?q=http%3A%2F%2Fline&sa=D&sntz=1&usg=AFQjCNEUIbBJQ6yyzfpW8WwpdMtmbIeazg
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3.4 Height estimation 
 

Once we know the cross-ratio and the ability to compute lengths from image 

measurements, thanks to projective geometry properties, it is possible to conform an 

idea of how are we going to use them in order to calculate real heights. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Measuring heights in image plane using cross-ratio. 

 

  

H is the height of the people we want to know. R is the real length of the 

reference object. According with image cross ratio formula, the only distances we need 

to measure are the ones in the image plane, such as |t-b| or |r-b|. It is important to 

emphasize that if the vertical vanishing point Vz is so far away, the ratio |Vz-r|/|Vz-t|~1 

, the formula is reduced to: 

R

H

br

bt






   (1) 
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The procedure to follow is illustrated in Figure 5. Those are the steps: 

 

● A line is traced from the base of the reference object to the horizon line going 

through the base of the object to be measured. 

 

● Another line is traced from the intersection of the horizon line and the previous 

line to the reference object passing through the top of the object to be measured.  

 

● The junction of the previous line with the reference object will provide the point  

which will determinate the segment d2.  

 

● The last step is only compute the formula shown in Figure 5 in which d1 an d2 

are the distance in pixels.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Procedure to compute heights. Vertical vanishing point is at infinite. 

 

It is important to mention that the object to be measured has to be in the same 

plane than the reference object. Otherwise it is necessary to measure the distance 

between planes and the procedure is not so simple. Reference of that is given in [1] and 

[2]. 
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4 Design and implementation 

 

4.1 Method to be followed 
 

In this section, we will try to summarize and explain all the different methods that have 

been used during the development of this thesis. 

It will be explained deeply and step by step, in order to be easily followed by possible 

new researchers that could be interested in use this technique or improve it. 

Every single step will be detailed and previous knowledge will be explained, so as to 

could be understood in an easy way. 

This project has been divided in two main parts that will be studied separately. The first 

part will be the one that will care about analyze the scenario, once the camera has been 

fixed in an appropriate place. The second one will track every person who is passing in 

front of the camera, inside the camera visual field, and with this, will calculate with a 

simple ratio the height of the person and will be shown on the video. 

The different functions are going to be made in Matlab or C++, depending on the 

purpose of each function, it will be done in the easier language, Matlab or C++. 

Linking both programming engines and how to use them together will be a whole 

chapter that could be found at the end of this report. If we also want to know how to 

configure both software, an appendix has been added at the end of the report in order to 

make it easier to understand all the libraries which are going to be needed and how the 

calls from one to another must be made in the correct way. 

In the next page, a flow diagram is showed, just to create the reader a light idea about 

the different goals we will try to find during this thesis. 
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The following flow diagram shows as an overview the different problems that need to 

be solved and which engine is going to be the one responsible for doing it. 

 

 

 

Figure 6. Flow diagram representing the whole structure. 
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4.2 Scenario analysis 
 

4.2.1Introduction 

 

In this section, the reasons why there must be a previous analysis on the scenario where 

the measures are going to be made, are going to be explained. 

First of all, as it has been explained before, this technique is based on projective 

geometry. So, finding vanishing points and vanishing lines is crucial. From this we 

could be able to draw the different lines and finding crossing points from where the 

ratios will be found and then the measure will be possible to be made. 

Without these vanishing points and lines will not be possible to apply the following 

steps which will be described below. 

In order to find the vanishing points, and then the vanishing line, there must be edge 

detection, hosted in different planes. Then, painting the different lines found and 

drawing the vanishing line we could be able to make the measurements. 

Everything will be based on the horizon line, drawn by the vanishing points, so the 

whole work will be based on them. 

During this section the different methods used for detecting the different elements 

needed will be shown and explained in detail inside different chapters. Also, the 

different models accepted as scenario and limitations of our thesis are going to be 

stated. 

 

4.2.2 Models supported 

Because of the innovative of this project, just two kinds of scenarios are going to be 

accepted for our demonstration. These types of scenarios are called two-point 

perspective. Here, one point is going to represent one set of parallel lines and the other 

will represent the other one. Looking at a house from the corner, one wall would recede 
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towards one vanishing point; the other wall would recede towards the other vanishing 

point. 

As we already know, two vanishing points must be found. That is why the scenario 

where the camera is going to be pointing will need to fulfil a specific template between 

two different models. 

The first one is the one that will be placed in front of a corner. Thus, the two different 

vanishing points will be placed at both sides, following the lines detected. The reason 

why we have to find a corner is because of the need of finding lines hosted in 

perpendicular planes. 

The following figure shows a template of the kind of scenario that can be used and 

accepted for our purpose. Under the template, two examples from scenarios where our 

technique could be able to work are shown. 

 

Figure 7. Template: First kind of scenario 

 

Figure 8 : Example: First kind of scenario         Figure 9. Example: First kind of scenario 
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The second type of scenario that can be used as scenario for our camera is the one 

where there is an internal corner. It means, that lines from one part of the image will 

create the vanishing point in the other part of the image. 

As we have done before, we will show a template followed by two different examples of two 

possible scenarios where our method could work. 

 

Figure 10. Template: Second kind of scenario. 

 

 

 

Figure 11. Example 1: Second kind of scenario     Figure 12. Example 2: Second kind of scenario 
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4.2.4 Followed strategy 

 

In order to detect the horizon line, also called vanishing line, firstly the different 

vanishing points have to be calculated. This will be this way because linking both points 

we could be able to find it. 

Each vanishing point is defined by a point in perspective drawing to which parallel lines 

appear to converge. This technique is made for supporting two-point perspective 

scenarios, so two vanishing points must be found. 

In order to get this, we have applied edge detection in the scenario. Thus, we are able to 

draw all the lines corresponding to the scenario that is going to be used as model. 

We have to know that we must use scenarios as “clean” as possible. When we say 

“clean”, we are referring to places where no objects are placed in non-perpendicular 

planes, avoiding this way, lines which are not useful for our study. 

All the information regarding to the use and basics of the different ways of getting edge 

detection will be described in a separate chapter. 

Without these disturbing objects, we will use the objects placed on the walls, like doors, 

windows and all the parallel lines, like the floor itself in order to get useful lines for our 

purpose. 

Then, once having obtained a binary image just with all the edges of the scenario, we 

will have to use different techniques to find out our points. This will be found by 

finding the different lines which are in the binary image. 

The use of these techniques will be also described in the following chapters and the 

reasons why we have chosen a certain one instead of others between several possible 

options, will be described. 

After having found the lines in the scenario, we will have to find out where all of them 

will cross. This is not going to be an easy issue, because the detected lines are not 
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parallels and will not be detected with the perfect angle. It will be explained in detail in 

the following chapters as well. 

Hence, having the crossing points we will be able to find the horizon line, just linking 

them and drawing the resulting line on the image. 

So now, having an overview of all the steps to be followed, the following chapters are 

going to explain deeply each of them and the reasons why every method has been 

considered more suitable depending on the conditions founded on the different images. 

 

4.2.5 Edge detection 

 

Edge detection is a fundamental tool in image processing and computer vision field. 

Particularly in the areas of feature detection and feature extraction, where the goal is to 

detect sudden changes on the brightness of the image. 

The main reason of detecting sudden changes in image brightness is to detect changes 

on the features of the different objects, also to find the change between different 

surfaces or materials. 

The perfect case, for our purpose will be to apply edge detection to an image in order to 

get a set of connected points that could indicate the boundaries of the objects and also, 

the boundaries of the different surfaces. This will help to discover the surface 

orientation. Thus, we will replace our original image, with a lot of information by a 

binary image, just showing the boundaries of the image. This way, the amount of data 

that will have to be processed will be highly decreased and the less relevant one will be 

filtered out. If we are able to get a good edge detection step, the next task of interpreting 

the information contained in the image may be simplified. 

But not always we get a good result after edge detection, edges extracted from non-

trivial images are often hindered by fragmentation, which means that edge curves are 

not connected, missing edge segments as well as false edges that don´t correspond to 

interesting parts of the image data. 
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Edge detection is one of the most fundamental steps in image processing, that is why 

during the recent years substantial researches has been made on this field. In spite of 

that, there are still several approaches going on trying to improve this field, due to the 

results obtained until nowadays are still far from being precise and infallible. 

Approaches to edge detection 

There are many methods for edge detection, but most of them can be separated in two 

main groups, search-based and zero-crossing based. 

The search-based methods detect edges by first computing a measure of intensity, 

usually a first-order derivative expression such as the gradient magnitude, and then, 

based on this, the searching for local directional maxima of the gradient magnitude 

using a computed estimate of the local orientation of the edge, usually used the direction 

of the gradient. 

The zero-crossing based method looks for zero crossings in a second-order derivative 

expression computed from the original image, in order to find the edges, usually the 

zero-crossings of the Laplacian or the zero-crossings of a non-linear differential 

expression. 

The edge detection methods that have been published mainly differ in the types of 

smoothing filters that are applied and the way the measures of edge strength are 

computed. Many edge detectors are based on the computation of image gradients, so 

they differ in the kind of filter used for computing gradient. 

The technique chosen in our project has been Canny edge detector. 

Canny edge detection 

The Canny edge detection operator was developed by John F. Canny, American 

computer scientist, in 1986 and uses a multi-stage algorithm to detect a wide range of 

edges on images. 

The Canny edge detection algorithm is known as the optimal edge detector. Canny´s 

intentions were to enhance the already existing edge detectors at the time he started his 
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work.  He was very successful in achieving his goal and his ideas and method are 

available in his paper, [3].  

In this paper, he followed a list of criteria to improve methods of edge detection. The 

first and most obvious is low error rate. This will be a crucial point for our goal. 

Because what we have to avoid overall are the edges which do not exist in the original 

image. 

The second main point Canny achieves is that the edge points are going to be well 

localized. 

In other words, the distance between the edge pixels as found by the detector and the 

actual edge is to be at a minimum. This point is also going to be crucial part in our 

work, because we need to get the most similar point to the original image, due to the 

need of get the most appropriate vanishing point, where all the lines will cross. 

The last feature that makes Canny better than other methods for this work is due to it is 

the only one able to have only one response to a simple edge. This offered an 

improvement because the previous ones were not substantial enough to completely 

eliminate the possibility of multiple responses from a detected edge. 

The Canny Edge Detection Algorithm 

The algorithm runs in five separate steps: 

- Smoothing: Blurring of the image to remove noise. 

- Finding gradients: The edges should be placed where the gradients of the image has 

large magnitudes. 

- Non-maximum suppression: We only must take care about local maxima. 

- Double thresholding: Possible edges are determined by the use of a double 

thresholding. 

- Edge tracking by using hysteresis: The final edges which are showed are determined 

by suppressing all the possible edged detected which are not connected to a very 

strong edge. 
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Each step is explained in detail in the following sections. 

 

 Smoothing 

It has to be assumed that all the images taken from any kind of camera will 

contain some noise. To avoid this noise to be the cause of some wrong detected 

edges, noise must be reduced. Thus, the image we want to study is first 

smoothed by applying a Gaussian filter. This Gaussian filter is designed with a 

standard deviation of σ=1.4, then the kernel used will be as follows in Equation (1). 
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 Finding gradients 

The Canny algorithm is based on sudden changes in the intensity where the 

image changes the most. These areas are found by determining gradients in the 

image. The gradient in each pixel on the smoothed image is determined by 

applying what is known as Sobel-operator. The first thing we have to do is 

approximate the gradient in x and y directions by applying the kernels shown in 

Equations (2) and (3). 
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Edge strength is how the gradient magnitude is going to be called from now on.  
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This is going to be determined as a Euclidean distance measure by applying the 

law of Pythagoras as shown as follows, in Equation (4). 

22

Yx GGG      (4) 

 

Where Gx and Gy, are the gradients in the x and y directions respectively. 

It is sometimes simplified by applying Manhattan distance measure, getting then 

the following Equation (5). 

yX GGG      (5) 

 

Through this expression, we will reduce the computational complexity. 

An image of the gradient magnitudes often indicates the edges quite clearly. 

However, the edges are typically quite wide, thus it does not indicate exactly 

where the edges are. The possibility of how to determine this, is explained in the 

following section. But what we previously have to know is that the direction of 

the edges must be determined and stored as shown in Equation (6). 
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 Non-maximum suppression 

The main goal of this section is to change from the “blurred” edges in the image 

of the gradient magnitudes, to “sharp” edges. Basically this is done by keeping 

all local maxima in the gradient image, and then, deleting everything else. 

The following method is applied for each pixel in the gradient image: 
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1- Round the gradient direction previously saved, denoted as θ to 

nearest 45º, corresponding to having used 8-connected 

neighbourhood. 

2- Make a comparison between the edge strength of the current pixel 

and the edge strength of the pixel in the positive and negative 

direction. I.e. if the gradient direction is theta = 90º (this means 

north), compare with the pixels to the north and south. 

3- If the strength of the edge from the pixel is being measured is largest, 

preserve the value of the edge strength. If not, remove the value. 

In Figure (4), it is shown a simple example of non-maximum suppression. Most of the 

pixels are pointing north. Therefore, they are compared with the pixels placed above 

and below from them. Then, pixels that turn out to be maximal in this comparison are 

marked with white borders. All other pixels are going to be suppressed then. 

 

Figure 13. Illustration of non-maximum suppression. 

The edge strengths are indicated as numbers and as colours, while the gradient 

directions are shown as arrows. The final edge pixels are marked with white borders. 

 Double thresholding 

 

What we still have remaining after the non-maximum suppression step are the edge 

pixels labelled with their strength pixel-by-pixel. A lot of these pixels will probably 

be part of true edges in the original image, but some others may be caused because 
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of noise or colour variations, for instance when we are trying to analyze rough 

surfaces. 

The easiest way to choose between these would be to use a threshold, so that only 

edges that are over a certain value are going to be preserved as edges. In the Canny 

edge detection algorithm, a double thresholding method is used. 

Edge pixels greater than the high threshold are classified as strong. Edge pixels 

lower than the low threshold, are suppressed and the edge pixels between the two 

thresholds previously chosen, are marked as weak. 

Apllyng this classification we get two different kind of pixels. Classified as weak 

and strong. The rest of them have been removed. 

 

 Edge tracking by hysteresis 

 

Those edges which have been classified as strong, are interpreted as true edges, and can 

be immediately included in the final edge image. Those others which have been 

classified as weak are just included to the final one just in case they are connected to 

strong edges. 

It is logical to think that noise and other small variations are unlikely to result in a 

strong edge, considering that a proper adjustment of the threshold levels has been done. 

Thus, strong edges will just be made from true edges in the original image. However, 

weak edges can either be due to true edges or variations of noise or colour. The weak 

ones, will be distributed independently all over the image, so only a small amount will 

be located adjacent to strong edges. Those weak edges which have been detected 

because of true edges, are much likely to be connected directly to strong edges. 

In the final result, edge tracking can be implemented by BLOB-analysis (Binary Large 

Object). Using this technique, the edge pixels are divided into connected BLOB´s using 
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8-connected neighbourhood. BLOB´s containing at least one strong edge pixel are then 

preserved, other which are not, are suppressed. 

To summarize, the final result will be a binary image. White pixels will correspond to 

edges detected and black ones will be part of the image but not considered as edge. 

 

4.2.6 Lines detection 

 

All over this section, the way we have detected the lines in the scenario is going to be 

explained. 

From a binary image, showing the edges of the scenario, we will have to find a suitable 

technique able to detect these lines where its crossing points could show the vanishing 

points. 

In order to find out the different lines that appear on the image, the technique chosen for 

this goal has been the Hough transform. This technique will be able to detect lines in the 

image and could also show off the angle of each line, so it could be very useful to 

classify each line depending on their angle. 

In the following section, the bases of this method are going to be described. 

 Hough transform 

Hough transform is a technique used for classify the different features of an image, 

and it can be used as in computer vision as in image analysis or image processing. 

The main goal of this technique is to find imperfect cases of objects inside the same 

kind of shapes by a voting procedure. This procedure is done inside a parameter 

space, from where the candidates of the object are found as local maxima in an 

accumulator space that has been explicitly constructed by this algorithm, in order to 

compute the Hough transform. 



 

 - 35 - 

The Hough transform was used for indentifying the lines in the image, but later it 

could be used for identifying positions of any kind of shapes, but the main shapes 

that it is used for finding are circles and ellipses. 

In the automatic analysis of the digital images, sometimes when detecting simple 

shapes is tried, like straight lines, circles and ellipses, a problem arises. Many times, 

the edge detector can be used as a pre-processing step in order to get points or pixels 

from the images, which are placed in the desired edge in the image space. 

It is possible, due to imperfections in the image data or in the edge detector, that 

some missing points or pixels, in the desired zone. Also, space deviations between 

the original edge points and the noisy points which are part of the line detected by 

the edge detector are possible. 

For these reasons, sometimes it is not trivial to group all the features extracted from 

the edges to an appropriate set of lines, circles or ellipses. 

The purpose of the Hough transform is to handle this problem making possible to 

classify all the points from de edges in candidates, through the creation of a voting 

procedure over a set of objects from the parameterized image. 

The simplest case of the Hough transform is to use the lineal transformation for 

detecting straight lines. In the image space, the straight line can be described as y = 

mx + b and can be graphically represented for each pair of image points (x, y). In 

the Hough transform the main idea is to consider the straight line features not as 

image points, but in parametric terms. In this case, the parameter that refers to the 

slope m and the one that refers to the interception b. 

For this reason, the straight line y = mx +b can be represented as a point (b, m) in 

the parametric space. However, the vertical lines make rise until huge values to the 

parameters m and b. For computational reasons, it is much better to parameterize the 

lines in the Hough transform with another two parameters, referred as ρ and θ. 

The parameter ρ, represents the distance between the line and the origin, while θ is 

the angle of the vector from the origin to this closest point. 

Using this parameterization, the equation of the line can be written as follows: 
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The same can be expressed as r = x cosθ + ysinθ. 

The following picture, represents all the parameters mentioned before: 

Thus, it is possible to associate to each line of the image a pair, which is unique if θ 

ϵ [0,п), and r ϵ R, or if θ ϵ [0, 2п) and r ≥ 0. 

The plane composed by (r, θ) sometimes is called Hough space. 

An infinite number of lines can pass through a single point of the plane. If this point 

has coordinates (x, y), then in the Hough space, it will be transformed to: 

This corresponds to a sinusoidal curve in the Hough plane, also called (r, θ) plane, 

which is unique to that point. If the curves corresponding to two points cross, the 

position (in the Hough space) where they cross correspond to lines (in original 

image space) that pass through both points. 

More generally, a group of points which are placed in the same straight line, will 

produce sinusoids that cross in the parameters of this line. 

Thus, the previous problem about detecting collinear points can now be 

transformed, as we can see in the following figure, to the problem of finding 

concurrent curves. 
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Figure 14: Hough transform. Graphical representation. 

 Implementation 

The Hough transform´s implementation uses an array, called accumulator, in order 

to detect the possible lines. The dimension of the accumulator is the number of 

unknowns parameters of the Hough transform problem. For example, the linear 

problem of the Hough transform has two unknown parameters: m and b. The two 

dimensions of the accumulative matrix will correspond to quantized values for m 

and b. For each pixel and their neighbourhood, the algorithm of the Hough 

transform decides if there is enough edge evidence in that pixel. If so, it will 

calculate the parameters of this line and then it will look for the accumulative cell 

where the parameters fall into. By looking for the local maximum in the 

accumulative space, the most likely lines are selected and their geometry 

interpreted. 

The simplest way of finding these maximums, it is applying some kind of threshold, 

but different technique can provide better results under different circumstances – 

determining which lines are found as well as how many. The returned lines do not 

provide information about the length, sometimes it is necessary to find which parts 

of the image match up with which lines. In addition to this, because of the errors 

made on the edge detection step, there will appear errors in the accumulative space, 

which may make non-trivial to find out the most appropriate and thus, the 

appropriate lines. 
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4.2.7 Choosing the correct crossing point 

 

All over this chapter, the method used for choosing the best vanishing points is 

going to be explained. 

After having detected all the edge lines placed in the scenario, it is time to find out 

the vanishing points. In order to get them, a new method has been implemented to 

make it possible. 

First of all, as it was explained in the previous chapters, the scenario where the 

camera is pointing at must be one of the ones explained in the corresponding 

chapter. 

 

These types of scenarios are called two-point perspective, and it is not necessary to 

choose which one it is going to be used before running this algorithm. 

The original picture, from which all the explanations are going to be shown, is the 

following one: 

 

Figure 15: Original picture 

When the study about how to detect the crossing points in every image started, a lot 

a problems arose.  
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The first filter used, is the one that it is just going to show the lines detected that 

could be useful for detecting the vanishing points. We will filter all these lines by 

just drawing all the lines belonging to the range between -60 degrees and 60 

degrees. 

Using this, we will just draw and then study all the lines but the vertical ones, which 

are not useful for us. 

This image shows the result of applying edge detection and then drawing the lines 

detected over the original image. 

 

Figure 16: Edges detected over the original image 

The main problems that arose are explained in the following lines, using the same 

template image for showing what is being explained in each point: 

- Noisy crossing points: Due to the edge detection step is not perfect, 

sometimes this algorithm detect lines which are not edges, and also, 

sometimes there are objects in the scene which are not parallel to the planes 

we are using, like walls or doors. Because of this we just have to take care 

and focus our attention on the clouds of points that will appear. Using the 

original template, all the crossing points, but the ones caused by the original 

lines are shown. Inside the blue circles the noisy points can be found. 
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Figure 17: Noisy points are marked 

- Useless crossing points: After detecting all the edge lines which appear in 

the image, and removing the noisy ones, every crossing points between all 

the straight lines are calculated. 

In order to get our goal, not every line-intersection is useful, so first of all we 

have to discriminate between which points are going to be valid for our 

purpose, and which others are just crossing points that we do not have to 

care about. 

In the image, just the useful points are inside the blue circle, it means any 

other point is not useful for our purpose, and it should be depreciated. 

 

Figure 18: Useful points are marked. 
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- Two different groups: As it was explained in its corresponding chapter, two 

different vanishing points must be found in order to get the horizon line. 

Because of this, the different lines that point to its corresponding vanishing 

point must be separated before in order to split the crossing points and then, 

between this two groups calculate the most appropriate point that could be 

considered as a vanishing point. 

Once all the points have been classified in two different groups, we also 

have to classify them between inliers and outlier points. Inliers points will be 

the ones that will be taken into account in order to calculate the different 

vanishing points. 

In the following image, all the points have been separated in two different 

groups, each of them taking care about each vanishing point. Inside this two 

groups inlier points have been coloured in black. 

 

 

Figure 29: The points have been split in two groups 

For solving all these problems, it has been implemented the following algorithm: 

First of all, after having detected all the lines in the edge detection step, all of them are 

drawn. Using the function “Hough lines” of Matlab, most of the straight lines are 

detected. This function also brings us more information about the detected lines. This 

information consists of: 
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- First and last points that make up the detected line. 

- Angle of the line. 

- Length of the line. 

Having these attributes, different methods have been applied for solving each of the 

problems that were proposed. The methods used for solving all these problems are 

detailed below. 

1. Just one line per line. 

Sometimes when the lines are detected, instead of finding a long line, it is 

divided in different lines, smaller than the original one. In order to get the 

minimum amount of crossing points just one line is going to be taken into 

account. 

All the lines which have the same angle are going to be considered as parts of 

the same line. Then, between all of them, the line placed further than the middle 

of the image is going to be the selected as the representative of this line. Why 

this one is going to be chosen will be explained in the following point. 

 

2. Two different groups:  

First of all, all the lines are divided in two groups. It will be made with the 

purpose of separate the lines that are directed to the different vanishing points. 

This separation has been made depending on which angle the line has and where 

it is placed in the image. Knowing that most of the cameras are going to be 

placed in places where the horizon line is around the middle of the image, first 

of all the lines are going to be divided in lines which are above the middle, in the 

first half, or under it, in the second half. 

Why it has been chosen the line further than the middle of the image is because 

of choosing it will be easier to classify the lines, due to there are some lines that 

start above the middle but finish under it. So, if we just choose the lines which 



 

 - 43 - 

are further from the middle, we will increase the number of lines correctly 

detected. 

After this, depending on the angle of the line, it is going to be included in one 

group or another. 

The criterion followed to classify the different lines in the two different groups 

is: 

 

Half placed in the image Angle of the line Corresponding group 

First half Greater than 0 A 

First half Lower than 0 B 

Second half Greater than 0 B 

Second half Lower than 0 A 

 

 

3. Useless crossing points 

Those points which are not useful for our purpose, like points that appear 

because of wrong lines or objects which are not parallel to the chosen planes but 

are placed in the scenario and detected by the edge detector are going to be 

treated in a different way, in order to separate them. 

Due to the edge detection step is not perfect, not all the parallel lines placed in 

the same plane are going to have the same direction. 

In other words, in the ideal model, all the parallel lines are going to cross in the 

same vanishing point, with no error. But, using the edge and the straight lines 

detector, the exact direction of the line is never going to be detected, so the 

crossing point between all of them is never going to be the same. 
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Instead of this, what we are going to have is a cloud of crossing points, resulting 

from the crossing points between all lines that are parallels in the real world, but 

that they are going to cross in points close to each other. 

Knowing this, the right vanishing point is going to be placed inside a cloud of 

crossing points, from where the best position has to be chosen. 

For solving this problem, a new algorithm has been implemented in order to find 

out the different clouds of points present in the space where all the crossing 

points have been represented. This algorithm has been based on RANSAC 

principles. Due to the complexity of this algorithm, a new section is needed in 

order to explain step by step the strategy used to solve these problems. 

 

4.2.8 RANSAC  

 

The RANSAC algorithm (RANdom Sample And Consensus) was first introduced in 

1981 as an iterative method to estimate parameters of a model from where all the known 

data has many outliers that disturb the input data. It performs a reasonable result, but not 

always the best one. This result will improve as many interactions are made. 

It is based on the idea that all the data can be classified as “outlier” if it does not fit the 

“true” model performed by the true parameters within some error range, defined by the 

maximum deviation. The outliers can come, e.g., from erroneous hypotheses about the 

interpretation of the data, or incorrect measurements. The percentage of outliers that 

RANSAC supports can be greater than the half of the total amount of data previously 

given. 

The RANSAC algorithm is essentially performed following two simple stages, which 

are repeated until a certain condition, previously set is done. 

Despite many modifications made on the algorithm, the two main steps are the ones that 

follow: 

- Hypothesize 
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A model is fitted to some hypothetical inliers, for example, choosing 

randomly from the input dataset a minimum set of points that could be 

treated as inliers. 

- Test 

After having set the hypothetical model, RANSAC checks which elements 

from the entire input dataset are consistent with the model set before. 

If it fits well to the model previously set, it is considered as a hypothetical 

inlier. 

The model is then classified as a good model depending on how many points 

have been classified as hypothetical inliers. 

The model is then estimated again from all the considered inliers, making a 

new model. After having changed the model, it is evaluated by estimating 

the error of the inliers, relative to the model. 

This procedure is done certain times fixed before, each of them producing valid models 

with its corresponding error measure or invalid models because too few points have 

been considered as hypothetical inliers in the test stage.  

After having classified each valid model, we will just keep it if the last model has an 

error lower than the last previously saved. 

RANSAC then, offers different advantages and disadvantages. The main advantage is 

that it can find a good estimation of the parameters of the model, even when we have a 

significant number of outliers present in a data set. A disadvantage is that, if we talk 

about the time it takes, there is no upper bound in the algorithm. When an upper bound 

is fixed, maybe the best solution is not reached, maybe even a good enough one. 

Following this principles, a lot of RANSAC algorithms have been found in order to 

solve the problem we have in our work. But, all of them are referring to straight lines 

models, a model that we are not looking for. 

In our case, what we have is a point distribution; result from plotting all the crossing 

points between every straight line detected in the scenario. 
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Instead of a straight line, what it is being searched is a model that could find inliers and 

outliers from a distribution of points, and try to find a cloud of points, from where the 

centre of gravity will be found and this will be considered as a vanishing point. 

In the section below, the implemented algorithm is going to be described and analyzed 

in order to show which have been the followed rules and criteria for choosing or not a 

certain point as an inlier or outlier. 

4.2.9 Used algorithm based on RANSAC 

First of all we should take a look at all the data we have available for us and also to set 

our goal. Then, from this two things clear it will be explained the methodology used and 

implemented in MATLAB, for getting the expected result. 

Available data 

The data that it is going to be received, when RANSAC is going to be used, are all the 

crossing points from every line intersection after having found them in the edge 

detection stage. Then, the input data will be a set of points distributed all over the space, 

but there will be a cloud of points where our desired vanishing point is going to be 

placed. 

Goal 

Our goal will be, try to classify the crossing points between all the straight lines in two 

different groups, inliers and outliers. Most of the inliers should be correct, but also some 

wrong outlier is acceptable. 

The inliers should be crossing points where every two straight lines cross. This will 

bring out a cloud of points, from where the vanishing point will be placed. 

 

Algorithm 

This algorithm has been implemented in MATLAB, and it just needs an input dataset 

for working. 
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As it was explained before, this algorithm will try to find the cloud of points from where 

the vanishing point will be calculated. 

This algorithm, will follow the following steps: 

1. First of all, it will be selected each of the input dataset points and then, analysing 

and storing the distance between every other point from its position. 

2. Afterwards, it will count the number of points which are closer than a certain 

threshold, storing this value. This will be called, the number of neighbours that 

each point has. 

3. Then, some points will be considered as inliers if the number of considered 

neighbours is greater than a certain value previously fixed. 

These steps will be done once, and if a cloud of inlier points have been found, this cloud 

will be the one we were looking for. 

In case that at the end of the algorithm, no inliers have been found, then the distance 

from where the points are considered neighbours is going to be increased certain value 

as well. After this change, the algorithm will run again and if some inliers are found it 

will stop running and the found inliers will be the cloud it was been looked for. 

In case this distance reaches certain value, it will not keep growing anymore. What we 

are going to do is to decrease the number of neighbours needed for considering them as 

inliers. This is because sometimes there are not enough crossing points in total, as we 

considered before, and that is why the number of neighbours has to be decreased. 

After running this algorithm, all the inliers will be found and the cloud of points will be 

formed. Then, having the cloud of points, just calculating the centre of gravity between 

all the points our vanishing point will be found. 

The following image shows the result after having run this algorithm. 

It was run twice, one for each group of points. The two different groups are represented 

in red and blue. Between them, the inliers were found and represented and painted in 

black. 
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The final centre of gravity and the considered vanishing point was painted in cyan. 

 

Figure 20: Result of running RANSAC algorithm 

4.2.10 Vanishing line estimation 

 

The vanishing line is also called horizon line, because it is exactly what it is being 

represented on it, the horizon of the picture. 

This line is always placed at the height of the viewer´s eyes, and it provides an idea 

about the height from where the camera is placed or from where the viewer is looking. 

As it was explained in the background section, this line will have a crucial importance 

when the height of an object wants to be measured. The ratios calculated using this line 

will be part of the basics of the algorithm. Just with a light variation on the direction of 

this line, all the measures will be modified, and its accuracy can be severally reduced. 

If the vanishing line wants to be drawn, the only thing it has to be done is to link both 

vanishing points and the resultant line will be the horizon line. 

The following figure represents the horizon line that we have been talking about. The 

blue lines represent the edged that have been detected and all of them are going to cross 

around the same points. Then, calculating both vanishing points, which cannot be drawn 

because they are placed out of the image bounds, and linking them we will get the 

vanishing line. 
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In this figure it is painted in green and perfectly shows the height of the camera at the 

moment when the picture was taken. 

 

Figure 21:Vanishing line representation 

Based on this green line, all the projections can be made and calculating the height of 

the people could be done automatically. 
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5 People tracking 
 

5.1 Introduction 
 

This part of the algorithm has been taken from another thesis which has been 

made in parallel to this one. In the mentioned thesis, made by Roberto Sanchez-Rey, an 

algorithm for detecting human people on movement has been developed. The main goal 

of this thesis is try to find the shape of a human body and try to detect it with the 

maximum accuracy. It also has to provide a fast way to detect it, so the final algorithm 

that combines both techniques could work in real time, or if this point cannot be 

reached, at least as fast as possible. 

During this chapter an overview of the algorithm is going to be shown, if more 

details want to be known about it, then the report from Roberto Sanchez-Rey has to be 

read. 

 

5.2 Flowcharts 
 

 The next one is a simple diagram about the tracking system and its 

inputs/outputs. 

 

 

 

 

Video Object 

coordinates 

People Tracking System 
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This is a slight flowchart about the people tracking system and its stages. 

 

 

Background subtraction 

Get moving objects blobs 

Find contours of moving 

objects 

 

Bounding rectangles. 

 

Filtering 

 

Draw rectangles. 

 

Save coordinates 
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5.3 Drawing rectangles and saving coordinates 
 

 Once the detected rectangles on each frame have been filtered and they fulfil the 

conditions, they are painted in the video and its coordinates are saved. The only points 

needed to measure the height in pixels of the rectangle are the top one and the lowest 

one. We have chosen the points in the middle of each side. After that, the Height 

Measuring System will manage with it to estimate the real height of the tracked person. 

 

 

Other inputs 

Object coordinates 
People Tracking System  

Height Mesuran System 
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6 Software development 
 

In this chapter a deep study of the software development will be done. First, the chosen 

programming languages methods will be described; secondly, all the functions created 

in order to run the algorithm will be explained; finally, a global schema will be shown 

in order to make an overview of all the software structure. 

 

 

6.1 Programming languages 
 

Along this section the chosen programming languages and some libraries used will be 

introduced and the reasons why they have been chosen against others. 

The main program has been implemented in C++, but for doing specific operations 

MATLAB engine has been used for different purposes. How to make them run together 

and call one engine from the other will be deeply explained at the end of this report, in a 

separate appendix where all the instructions about how to set up both programs will be 

explained. 

Before looking in detail at the languages used, the reasons why those languages have 

been chosen are going to be tried to explain. 

- C++: It is a programming language, optimal and with high speed floating point 

computation. It is also non-trivial to produce visual effects, like graphs or 

drawing lines, so another program should be chosen for doing it. It is also 

difficult to secure a robust vector algebra package used for it. 

- MATLAB: It is an interpreted scripting language, which conversion to object 

code is at runtime that is why its computational time can be a little slow. In the 

other hand, it is excellent at prototyping and plotting functionality. It also 

contains convenient and very robust matrix operations packages. 
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Knowing all these features, we are able to confirm that using MATLAB and 

C++ together could be a great way of solving our thesis. 

In the following sections, each programming language is going to be introduced and 

described. 

6.2 C++ 
 

C++ is a programming language designed in the eighties by Bjarne Stroustrup, from 

the Bell labs of AT&T. He tried to improve the most successful programming 

language of his time, it was C. 

This language appeared in the seventies and was designed by Dennis Ritchie, with 

the purpose of programming in UNIX operative systems. 

After several years, another programmer, called Bjarne Stroustrup, introduced what 

is now called C++.  His goal was to extend the successful programming language 

called C, in order to be able to use it using objects and classes, facilities that could 

be found in other languages but that C was not able to support yet. To make this, C 

was redesigned extending its possibilities but keeping its most important feature, 

letting the programmer be able to have under control what he is doing, because of 

this C is one the fastest languages. That is why C++, if we are talking about it like 

an object-oriented programming language, is considered as a hybrid language. 

If we talk about classes and objects, by the moment it is important just to know that 

it is a system that tries to bring the programming languages closer to a human 

comprehension based on the construction of objects, with its own features, grouped 

in classes. 

Nowadays, due to the success and extension of C++, there exists a standard called 

ISO C++, where the most modern and important compiler companies have joined in 

order to improve this language. 
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One of the particularities of C++ is the possibility of calling two different functions 

by the same name. The only way the compiler has to decide which one is being 

called is the number of input arguments. 

The things which are needed for using this language are: 

- An equipment running under an operative system. 

- A C++ compiler: 

 If we are using Windows: we should use MingW. 

 In UNIX environments g++ has to be used. 

- Any text editor, or it could be better to use an Integrated Development 

Environment (IDE) like: 

 For Windows: 

 Notepad (not recommended). 

 Notepad++ editor. 

 DevCpp (it also includes MingW) 

 Code: Blocks. 

 For UNIX 

 Kate 

 KDevelop 

 Code: Blocks. 

 SciTE. 
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It is also necessary to mention that for C++, there exists a whole large amount of 

libraries, each of them focused on a different field. 

The library that has been mainly used in this thesis is the one called OpenCV. 

OpenCV is a free source library regarding computer vision, originally developed by 

Intel. Since its first version appeared at the beginning of 1999, it has been used for 

many applications. From security systems with motion detection until applications that 

require object recognition. This is because of its publication has been done under BSD 

license, that allows its free use for commercial or investigation purposes. 

The first versions were not definitive, just betas that were released to the public between 

2000 and 2005. The first definitive version appeared in 2006. Then, it received support 

from Willow Garage, a robotic research lab, which provides more development and 

active research on it. A new version was then in the market, called version 1.1. 

The second principal version appeared on October 2009. OpenCV2 includes changes to 

be used by C+ interface. 

Open CV is multiplatform software, existing versions for LINUX, Mac OS and 

Windows. It contains more than 500 functions that cover a lot of different areas 

regarding the computer vision, like object recognition (face recognition), camera 

calibration, stereo vision and computer vision. 

The goal of this project is trying to provide an easy-to-use tool-kit and high efficient. 

This has been possible programming it over C and C++ in an optimized way, taking 

advantage of multi-core processors. Open CV can also use the specific and primitive 

instructions integrated in Intel processors. OpenCV tries to help the people on building 

sophisticated vision applications in a quickly way. 

Open source´s OpenCV has been structured such that you can build commercial 

products using as much as you need its functions, without the obligation of open source 

the product you have made or to return the earnings you could get from it. 
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6.3 MATLAB: 
 

MATLAB is mathematical software that offers an Integrated Development Environment 

(IDE) with its own programming language, called M. It is available for UNIX, 

Windows and Apple Mac OS X platforms. 

It was created in the seventies by Cleve Moler, chairman of the computer science at the 

university of New Mexico. He tried to design a new language able to use LINPACK 

and EISPACK without any knowledge about Fortran. This software was quickly 

expanded to other universities and was really welcome by the applied mathematics 

community. 

In the eighties Jack Litte, an engineer, joined Moler, because he realized it had a 

tremendous commercial potential. They wrote MATLAB in C, and founded Mathwoks 

in 1984. 

MATLAB then was turned into a language for technical computing of high-

performance. It integrates visualization, computation and an easy-to-use programming 

environment where problems and solutions are expressed in familiar mathematical 

notation. The typical uses MATLAB is used for, are: 

- Math and computation. 

- Algorithm development. 

- Modelling, simulation and prototyping. 

- Data analysis, exploration and visualization. 

- Scientific and engineering graphics. 

MATLAB´s basic data element is an array that does not need to be initialized or 

dimensioned at the beginning of the program. This provides you the possibility to 

solve a lot of technical computing problems, taking special care about those 

problems with matrix and vector formulations. 
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In 2005, MATLAB was used by more than one million users, divided in industrial 

and academic fields. It is also used as one of the most useful tool for researchers and 

investigators. 

MATLAB also offers an Application Program Interface, called API. This library 

allows you to write C and Fortran programs that interact with MATLAB. It includes 

the possibility for calling routines from MATLAB, in order to use MATLAB as a 

computational engine used from outside of it, and also reading and writing MAT-

files. 

The library is originally written in C, but some wrappers for languages such as 

Ruby, C#, Python and Java have been also developed, in order to try to reach the 

most possible audience. 

 

6.4 Generated functions 
 

All over this chapter, all the generated functions are going to be described and exposed. 

During all the written report, a lot of times several functions have been mentioned 

because of their usefulness and the importance they have on this thesis. 

All the input data needed for each function and the resulting data types are going to be 

detailed below. 

This will be useful for future works that could need some of the functions created for 

this thesis and could save a lot of time to some other researchers that are trying to do 

some image processing or even trying to improve the work that has been done and is 

looking for getting better results. Thus, all of them are going to be implemented in 

MATLAB. 

The most important ones are the ones that follow: 

- Name: “funcCalcVpoints_MOD” 

Description 
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Inside this function and calling some others that will be described below, this 

function is going to be able to find from an image of the first frame it is 

going to find the horizon line, through the calculated vanishing points. 

Input data: 

 String of the path, from the previously saved by the main process, containing 

the first frame of the data. 

Output data: 

 Line, lying on the z=1 plane that will represent the horizon line. 

- Name: “my_RANSAC” 

Description 

It is placed inside “funcCalcVpoints_MOD” function. From a set of points, that 

will be every crossing point concerning a certain vanishing point, from a given 

radio and a threshold number of elements, this algorithm is going to be able to 

classify all the data between inliers and outliers .It is also going to calculate 

between the inliers, the desired vanishing point. The principles of this algorithm 

are explained in its corresponding section. 

Input data: 

 Set of crossing points regarding one vanishing point. 

 Distance considered as neighbourhood to consider other crossing points as 

neighbourhoods. 

 Minimum number of neighbours to consider each crossing point as inlier. 

Output data: 

 A set of points considered as inliers. 

 Index of each point classifying with 1 if they are inliers or with 0 if they 

have not been considered inliers. 
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 Final centroid calculated between all the inlier points. 

- Name: “dist” 

Description 

It is placed inside “my_RANSAC” function. It will be able to calculate the 

distance in pixels between two crossing points. 

Input data: 

 Coordinates of the crossing point under study. 

 Coordinates of the point that will be considered neighbour or not. 

Output data: 

 The Euclidean distance between the points, just following the relationship: 

  yxyx 
2

 

 

- Name: “funcCalcHeight” 

Description 

Using the already-explained projective geometry, this algorithm is going to be 

able, from the coordinates of the reference height and the object that we want to 

be measured, to calculate the detected height. 

Input data: 

 Vanishing line that will be used in order to calculate the needed crossing 

points. 

 Top and base points of the detected object from the motion and object 

detection implemented in C. This coordinates will be represented in pixel 

coordinates. X and Y coordinates are needed 
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 Top and base points of the reference object placed on the scenario. This 

coordinates will be introduced by the user manually, clicking on the image 

and selecting the object. It will be also necessary to introduce the reference 

distance, which was previously measured in the real scenario. 

Output data: 

 Height of the detected object that after will be shown on screen and painted 

over the person that is moving. 

Once all the MATLAB functions have been explained, it´s time to show which 

functions from OpenCV have being used during this work. 

Just a brief explanation of their purpose is going to be mentioned, in order to understand 

the whole written code. As it was said before, if more knowledge about the functions 

used wants to be known, a reference book can be used for it. 

The most important functions used from OpenCV are: 

- cvNamedWindow: With this instruction C++ opens a window and shows an 

image on the screen. 

- cvMoveWindow: This fuction lets you move a window choosing the 

coordinates of the upper left corner of the window. 

- cvCaptureFromFile: Using this, it allocates and initialized the CvCapture 

structure for reading the video stream from the specified file. 

- cvCreateVideoWriter: It creates video writer structure. 

- cvQueryFrame: Each time it is called a frame is taken from the input file. 

- cvCloneImage: As its name says, it just copies an image from a source file to 

a destination one. 

- cvSaveImage: It stores in the hard drive the selected image. 

- cvInitFont: Through this function we could be able to select the used font in 

the screen. 
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- cvPutText: Using this, we could be able to write some text on an image. 

- cvShowImage: To show an image inside the desired window. 

- cvSetMouseCallback: Function that registers all the callback comming from 

events in the mouse. 

- cvRunningAvg: Function used for making a running average of the images 

in order to substract the background later on. 

- cvAbsDiff: Absolut value of the difference between two images. 

- cvCvtColor: Funtion used for converting from one color space to another. In 

this case, to change between RGB and greyscale. 

- cvThreshold: Using this function we could be able to discard pixels below or 

above certain threshold. In our case below it, in order to discard small 

changes. 

- cvDilate: From this function we can do some morphological dilation. 

- cvErode: Used for doing morphological erosion. Combining dilation and 

erosion we could be able to appply an opening operation. 

- cvFindContours: This function is able to assemble those edge pixels into 

contours. 

 

- cvBoundingRect: This function will return a rectangle that surrounds the 

contour detected. 

- cvSetImageROI: Used for setting the Region Of Interest (ROI) on the image, 

this ROI is used for just analyze this part of the image in order to save 

computational time. 

- cvCountNonZero: Function used to count the number of pixels which are not 

zero inside the ROI. 

- cvResetImageROI: Doing this, ROI will be again the whole image. 
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- cvEllipse: Used for definnig an ellipse on the image. 

- cvRectangle: Used for creating a rectangle on the image. 

- cvWaitKey: This function will make the program to wait for a specified 

number of milliseconds for a user keystroke 

- cvReleaseImage: To set this part of the memory free again after having used 

an image. 

- cvDestroyWindow: After having used the window is always good to destroy 

it in order to liberate all the taken resources from the operative system. 

Another kind of sentences must be explained in detail, because those are not trivial or 

widely used. Those instructions are the ones corresponding to control MATLAB engine 

from C++, and the used ones and most important are the following ones: 

- First of all a library must be added, including “#include<engine.h>”. 

- Then, with the instruction “Engine *ep;”, we are creating a pointer to this 

MATLAB´s engine. 

- engEvalString(Engine* ptr, string cmd) : With this function, using the 

pointer to the engine made before, we can introduce any command that it 

will be evaluated in MATLAB´s engine. 

- engGetVariable(Engine *ep, const char *name): It takes from the engine 

pointed, the value of the variable and it is stored in a mxArray type. 

 

- mxGetPr(pm): from the data stored in a mxArray, it is transformed into a C++ 

variable. 

- engClose(ep): Using this, we let C++ to quit MATLAB engine session. 
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7 RESULTS AND CONCLUSIONS 
 

In this section, the obtained results are going to be analyzed in order to test the 

accuracy of the developed algorithms. Since knowing that this thesis is not oriented to 

expert programmers and due to the fact that the principal purpose of this thesis it is not 

to achieve the best precision in People Tracking and Vanishing Points algorithms, such 

as to combine several knowledge fields as for as develop an useful an independent 

application, the reached results are really successful. 

From the performed software, a new line of work has been created with grow 

and future improving possibilities. If some researching group could be interested in 

improving the performed work, the possibilities which have been commented in the 

section Future Work could be helpful as a guideline.   

The result of this thesis is a robust, simple and fast executable software which 

could be implemented in any platform. Nevertheless, it is possible its improvement by, 

i.e. doing an exhaustive debugging job oriented to process time optimization. 

Although the code looks like structured language more than object oriented 

language, this fact gives to it more execution speed while it allows, as well, to use 

OpenCV libraries, since them are only available to C++. 

To summarize it is worth to mention that this thesis has supposed a challenge for 

us, because we had never worked with OpenCV libraries and C++ programs. 

The use of MATLAB and C++ together has supposed a great idea in order to 

make this application faster. So, the spent time, setting up both software finally has been 

very useful and it has produced good benefits. 

7.1 Results 
 

For analyzing the obtained results once the algorithm is finished, two different 

videos are going to be analyzed, this way the accuracy of the software can be tested and 

quantified. 
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From each video, an analysis of the data is going to be given at the end of the 

algorithm. These results are going to be just shown on screen, but they also are going to 

be saved in a text file, from where they could be read later on. 

During each video, the number of frames, where the person has been detected 

and measured, are going to be studied. This way, the stored data is going to be shown as 

a histogram, from where a distribution of the measures made can be easily classified. 

All the measures made, are going to be made in centimetres. 

In both videos, the same person is going to be in the scenario, and his height is 

185 centimetres. It has to be appreciated that the person that is passing by the camera 

does not stand in front of the camera, he is walking around the scenario. This way, the 

same value is never going to be obtained, due to when a person is walking, the position 

of his moving legs will change his height. So, once all the possible reasons why the 

result can be disturbed, the analysis of the selected videos can be done. 

In the first video, that is 20 seconds long, 57 measures have been done. It also 

has to be known that the first three seconds of each video are suppressed in order to 

avoid failures from vibrations, and also not every frame can be used for our purpose, 

because in the frame under study, the whole body of the person has to be in the image, 

and if it is not, it is discarded. 

Two frames from the video are shown below, in order to show the kind of 

scenario analyzed and the person that is being measured. 
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          Figure 22: Frame from the first scenario              Figure 23:Person detected  

 

The following histogram shows a distribution of the measures: 

 

 

Figure 24: Histogram from the measures made in the first video 

 

As it can be appreciated, most of the measures are around the real height, which 

as it was indicated before is 185 centimetres. In fact, if we consider an error of ±3 

centimetres, 87´7% of the measures are going to be valid. This error is 1´6% from the 

real height, and it can be considered acceptable. The worst measure detected is 8% of 

the real height. 

Talking about the second video, which is 17 seconds long, 103 measures have 

been made. In this case, the duration of the video is shorter than the previous one, but in 
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this video, the person that is walking in the scenario appears more time with all his body 

inside the image. 

Here, as it was made in the precious case, two frames are showed as a sample of 

the analyzed video: 

     

       Figure 25: Frame from the second scenario                   Figure 26: Person detected 

 

The following histogram shows the measures from the second video. 

 

 

Figure 27: Histogram from the measures made in the second video 

In this second video, as it can be seen in the histogram, all the measures made, 

are inside the acceptable error explained before of ±3 centimetres. 
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8 Future work 
 

This section is going to try to show the future guidelines that have to be followed if 

better results want to be achieved. Also, some applications are going to be presented. 

As it has been explained all over this report, the aim of this thesis has been to put 

together different and diverse fields and make an application with all of them. 

It has not been searched the best people tracking method, or the best vanishing point 

detection, it has just been tried to show that without having a lot of programming 

knowledge it is possible to build a quite robust algorithm, able to do a very useful task. 

If this project has been found interesting, and wants to be followed, improved or even 

commercialized, in the following section all of the features that can be improved are 

going to be described. 

These improvements are going to be presented for each part of the thesis. As it has been 

explained, this thesis has being divided in two main points. One of them has been 

regarding people tracking and the other one regarding the detection of the vanishing 

points and line. 

First of all, the improvements about the people tracking are going to be briefly 

explained: 

- The main improvement that can be made in order to get better results is trying to 

avoid the shadows on the image. This is a crucial aspect, because for the set 

purpose knowing where the feet are is basic if we want to measure someone´s 

height. 

It has not been done in this thesis because it can take a lot of time finding an 

appropriate one and it was not one on the goals of this thesis. If we are able to 

delete all the shadows from the image, many new human shapes are going to be 

detected and this way, many new measures will be made. 
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- Another important improvement could be trying to avoid vibrations from the 

camera, using an algorithm that could reduce it and then providing less error to 

the images. 

 

- If a more complex background subtraction method is used, better results can be 

obtained. In this thesis, a quite simple one has been used so if we could 

implement or use an already-existing one it could improve our measurements in 

a significant way. 

 

Once having known all the improvements that can be done on the people tracking, a few 

aspects about detecting vanishing points are going to be explained. 

First of all, it must be said that it works pretty well, even knowing that its complexity is 

not really high. 

- The implemented algorithm has to work with scenarios where most of the 

detected lines could show the direction of the vanishing lines. If many lines 

corresponding “noisy” objects appear, it could disturb our vanishing points 

detection. 

- The edge detection stage, still needs to be improved, using the actual techniques 

a good result has been reached, but if it is possible to improve this part of the 

software, much better result and more accuracy will be possible. 

 

Pointing out the main features that can be changed in order to improve this software, 

new researchers will be able to find out easily the way they should follow, without 

spending time on looking for them. 

 

Regarding some future applications, in this thesis the final result is just shown on the 

image, just looking for showing it and to demonstrate its validity. But, many other 

applications can be made using this software. 
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If instead of showing every measure on the screen, we decide to save all of them and 

after running the program, analyze them, we could be able to make, for example, a 

study of the population in a certain country, or city. 

The other main advantage that can be taken from applying all the proposed 

improvements is to make this application in real time. If we are able to run this software 

in real time, many other applications can be found. 

Also, after having run this application in real time, we will be able to modify it and 

instead of finding the height of a person, it can be changed by the height of another 

object, like a car or lorry could be. 
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Appendix 1: Installing OpenCV with 

Microsoft Visual C++ 2008 
 

 

  

As mentioned before, this thesis has been performed with the help of many 

OpenCV functions. To start working out with OpenCV first it is necessary to install it 

and make it able to work with our IDE, in this case Microsoft Visual Studio 2008. This 

appendix is an attempt to clear up the tough process we made possible thanks to the 

founded help in some blogs and wiki’s, like: [4], [5], [6] and [7] 

It is worth mentioning that the used OpenCV version is 2.1.0 and the installation 

process may vary depending on the version of the OpenCV library as well as the IDE 

version. 

 

Install OpenCV 

 

1. Download OpenCV 2.1.0 Windows Installer. 

2. Install it in a primary path, i.e.: "C:\OpenCV2.1\". Note that there is 

important not to use spaces in the path name. 

3. Enable option Add “OpenCV to the system PATH for all users” 

during installation. 

CMake 

 

 The OpenCV installation package does not include pre-compiled libraries for Visual 

Studio. So, it is necessary to build them using CMake. 
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4. Download CMake binary files and install it (wherever we want). 

 

5. Run CMake GUI tool and configure OpenCV there. 

 

6. Select "C:\OpenCV2.1\" in "Where is the source code" field 

 

7. Create a directory called vs2008 in "C:\OpenCV2.1\" for the generated 

project files. (“C:\OpenCV2.1\vs2008”) 

 

8. Back to CMake GUI, in “Where to build the binaries", choose the created 

directory, (“C:\OpenCV2.1\vs2008”). 

 

9. Press Configure button and choose “Visual Studio 9 2008” 

 

10. Adjust the options 

 

11. Press Configure again, and then press Generate. 

 

Microsoft Visual Studio 2008 
 

   

12. Open the generated solution: "C:\OpenCV2.1\vs2008\OpenCV.sln" 

 

13. Build the project in both debug and release mode. 

 

14. Add "C:\OpenCV2.1\vs2008\bin\Debug” and 

"C:\OpenCV2.1\vs2008\bin\Release" to system path. (A briefly explanation 

of how to do that is shown at the end of this appendix), 
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15. In Tools–>Options–>Projects–>VC++ Directories–>Library files add the 

next files: 

“C:\OpenCV2.1\vs2008\lib\Release” 

“C:\OpenCV2.1\vs2008\lib\Debug” 

 

16. In Tools–>Options–>Projects–>VC++ Directories–>Include files add: 

“C:\OpenCV2.1\include\opencv” 

 

17. In every project we will use OpenCV it is necessary to include in: Project-

>Properties->Linker->Input->Additional Dependencies the following files, 

separated by spaces: 

cv210.lib 

cxcore210.lib 

highgui210.lib 

cvaux210.lib 



 

 - 80 - 

 

*How to add folders to system path: 

 

Right click on My Computer->Properties->Advanced->EnvironmentVariables->Path->Edit. 

Add path of the folder, in this case:  

 "C:\OpenCV2.1\vs2008\bin\Debug” and "C:\OpenCV2.1\vs2008\bin\Release” 
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Appendix 2: How to configure Microsoft 

Visual C++ to call Matlab engine. 
 

 

  

As commented before, this thesis has been performed in Microsoft Visual C++ 2008 as 

IDE and using Matlab R2009b as well. After many days slaving away with VC++ and Matlab, 

we have considered that it could be helpful for future workers to make this appendix in order to 

explain how to configure Matlab to be used from VC++.  

 

First of all, it is important to clarify how many ways there are to interface VC++ with 

Matlab. 

 

 Calling C Programs from MATLAB: It is possible to call C or C++ subroutines 

from Matlab command line. These programs are called MEX-files and can be 

compiled from Matlab or from C/C++ code. They are called from Matlab. 

 

 Calling Matlab functions from C as DLL’s: Using MATLAB compiler (MCC) to 

build a shared library (DLL) from m-File. This is the most recommended way, but 

not the one we have follow due to some configuration problems and the time 

limitation.  This is because the following reasons [8]:   

 

o 1) To speed up the execution of programs: Compiled C or C++ code 

typically runs faster than its M-file equivalent. 

 

o 2) To create stand-alone applications: These applications take advantage of 

the mathematical functions of MATLAB but do not require its presence to 

run. 
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o 3) To create C shared libraries or C++ static libraries:  The Compiler may 

be used to create a C shared library or a C++ static library from an 

algorithm developed in MATLAB.   The algorithm may then be integrated 

into a C/C++ application. 

 

o 4) To hide proprietary algorithms. 

 

 Calling MATLAB Engine from C Programs: The MATLAB engine library 

contains routines that allow you to call MATLAB software from your own 

programs, thereby employing MATLAB as a computation engine. Engine 

programs are standalone C/C++ programs that communicate with a separate 

MATLAB process via pipes, on UNIX systems, and through a Microsoft 

Component Object Model (COM) interface, on Microsoft Windows systems 

[9].  The MATLAB engine operates by running in the background as a separate 

process from your own program. 

 

This last method is the one we have used. But previously it is necessary to configure 

some options in VC++. From now, we will explain this configuration process step by step. The 

paths and some options can vary depending on the version of the compiler and the Matlab. So, 

this is the procedure for Microsoft Visual Studio 2008 version 9.0.21 and Matlab R2009b 

version 7.9.0. We have used some tips from [10]. 

 

1. Creating paths to Matlab: We should add some include files. 

  

Tools->Options->Projects and Solutions->VC++ Directories. Select "Include 

files" from the drop-down list and add: “C:\...\MATLAB\R2009b\extern\include”.  
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Figure 2. Creating paths to Matlab. 

2. Include appropriate library files:  

Project properties (right click on current Project) ->Linker->Input->Additional 

dependencies add three file names:  

 libmx.lib  

 libmex.lib  

 libeng.lib 

 

Note that those “includes” could not work if the correspondent dynamic 

libraries does not exist in the \system32 folder. So, i.e. it is necessary to have the 

libmx.dll file in “C:\WINDOWS\system32” folder. 

 

Figure 3. Including library files. 


