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Abstract 
This report shows that a reliable motion detection is needed to make an 

accurate prediction of future activity. Several experiments are carried 

out to obtain information about the object´s behaviour and the best 

settings for the motion detection. A moving object is captured using two 

cameras, for two image sequences, and motion detection is applied to 

the stereoscopic data. Background subtraction algorithm followed by 

image segmentation algorithm, morphology algorithm, and blob analy-

sis are performed on the images to find the coordinates for the centroid 

of the moving object. Two models are created to make a statistical inter-

pretation of the data: one model for the height over the width and one 

statistical model for the distance between the cameras and the moving 

object over the width. The mean and standard deviation values are 

calculated to make a reliable interpretation of the captured images and 

the moving object. The Kalman filter is used for the prediction of future 

activity. The filters of the statistical models are trained with the first 

coordinates of the detected balls, and the next coordinates are predicted. 

Keywords: Motion Detection, Background Subtraction, Image Segmen-

tation, Morphology, Blob-Analyse, Statistical Model, Prediction Of 

Future Activity, Kalman-Filter 
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1 Introduction 
Moving object detection is one of the fundamental and basic task in 

many computer vision issues such as understanding a scene, human 

motion analysis, visual tracking, event detection and unmanned vehicle 

navigation [15].  There are many different systems to detect moving 

objects in videos. 

The systems or methods offer the user a number of applications that can 

be used to analyse a video; the applications should be able to work fast 

and be reliable. The outputs of these processes can, for example, be used 

to increase knowledge of the activities in the videos or make statistical 

evaluations. Furthermore, applications can react on the output to control 

processes. 

The system presented in this work analyses several videos and detects 

flying objects by using the motion analysis method called background 

subtraction. A background image is created to be used as a reference 

image; this image is compared to the current images. The result is an 

image with the indicated and different pixels [17]. 

The paths of the moving objects can be captured using temporal differ-

ences or features for a higher level analysis after object detection. This 

analysis is a statistical model used to characterise activities and behav-

iours of objects, and to improve prediction of the future activity of the 

objects in the monitored space.  

1.1 Background and problem motivation 

There are many institutions, researchers and companies that have de-

veloped systems to detect moving objects in a video or in a sequence of 

images, but the prediction of future activities is still a problem that 

needs to be addressed. It is a challenge to research and develop a system 

in the next step of the development that can detect and track the trajec-

tory of moving objects effectively, and to make a useful model for the 

prediction of activities in the future. Such a model could be very useful 

for a number of different applications.  

One application could be prediction of human behaviour. Data from a 

person’s everyday life can be captured and a statistical model over 

where they are going or what they are doing at different times can be 

created. This makes it possible to predict the purposes of a person 
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following a path already defined in the statistical model at a particular 

point in time. This application could be used for traffic prediction and to 

lead the traffic efficiently.   

Another application could be the characterization of the behaviour of 

birds in the wild. The developed system can analyse their flight patterns 

and create a statistical model predicting the probability of the birds 

flying through a specific space. One use of this statistical model could be 

as a warning system for the birds. The system can predict the future 

activity of a detected bird and if the predicted path is in the direction of 

a wind turbine, the system could produce a noise or similar preventing 

the bird from flying closer to the wind turbine. 

Yet another application could be to ensure a reliable group security. This 

means that a statistical model over a people’s behaviour during big 

events could be designed, predicting behaviours at future events. This 

makes it possible to predict the probability of a confrontation between 

rival groups and countermeasures could be taken to prevent it. 

1.2 Problem description 

A system for prediction of activities and behaviours come with specific 

requirements that are based on reliable functionality of the statistical 

model and method of prediction. Therefore the system has to be de-

signed in a way that allows the system to fulfil its purpose.  

First, the algorithm for the background subtraction has to be developed 

to work reliably. This is required because a mistake in the object detec-

tion and tracking would influenced the statistical model and a reliable 

prediction would not be possible. A morphology code is needed for the 

background segmentation to remove noise in the form of not needed 

and disturbing pixels. Furthermore, a Kalman filter code has to be 

designed to predict the next point of a moving object. Useful and in 

MATLAB given codes can be used to detect and track the moving ob-

jects efficiently.  

1.3 Overall aim 

This project will focus on determining the positions and tracking flying 

objects by using a simple motion analysis method called background 

subtraction. 

 

Object trajectories analysed from a number of videos should be used to 

build the statistical model over the behaviour of the objects in the moni-
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tored volume. The statistical model should be used to predict future 

behaviour and activity of new objects. 

 

1.4 Scope 

This work is limited to detect and predict the behaviour of a table tennis 

ball. Therefore, the monitored space is only the space around a table. 

The analysed video is in colour (ball: yellow, background: green) and it 

is not possible that noise occurs too much like trees blowing in the wind. 

This thesis primarily focuses on creating a statistical model and predict-

ing the behaviour of flying objects.  

1.5 Concrete goals 

The goals of his thesis are to: 

 Acquire stereoscopic video data 
 

 Interpret historical parts of the objects under surveillance statisti-

cally 
 

 Predict future activity of new moving objects (tennis ball)   

1.6 Outline 

Chapter 1 gives an introduction to this project. The background, prob-

lem motivation, problem description, overall aim and scope are ex-

plained in this chapter, and it also covers the project structure. 

Chapter 2 describes the theory of the project as well as related work. I.e., 

it explains motion detection, background subtraction, and image seg-

mentation, as well as the morphology algorithm and the Kalman filter. 

Chapter 3 covers the methodology of the project. The method is ex-

plained and a number of different ways realizing the project aims are 

briefly described. Furthermore, the chosen project model is explained. 

Chapter 4 describes the experimental setup. The detected area, the 

camera settings and scenarios of this project are explained in this chap-

ter, and the devices, components and software used are listed 

Chapter 5 explains the design and implementation of the MATLAB 

codes. It gives a step-by-step description of how the codes work. 
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Chapter 6 provides the results of the project. Specifically, this chapter 

includes the motion detection results, statistical models, mean and 

standard deviation values, as well as the prediction results. The results 

are plotted and analysed in terms of the predictions’ accuracy. 

Chapter 7 contains the discussion of the results from the motion detec-

tion, statistical model and prediction of future activity. Furthermore, 

this chapter contains the conclusion of the project referring to the results 

and the goals defined in Chapter 1 and provides an overview of the 

possibilities for future work. 
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2 Theory and Related Work 
2.1 Theory 

2.1.1 Motion detection 

Motion detection or motion analysis describe the process of determining 

the movements of objects between two or more images in a sequence 

aiming to obtain vectors representing the detected motion. The results 

or the output of the processes can be used to provide us with useful and 

understandable data for higher level analysis. 

2.1.2 Background subtraction 

Background subtraction is a common method used to detect and track 

moving objects. The method simply involves subtracting the back-

ground image from the current frame [17]. The result of the subtraction 

is a foreground mask for every frame. 

The comparison of the background image with the current video image 

basically consists of two steps. First, a representation model is created of 

the background and second, a further model called foreground image is 

built, which represents the changes to the background model.  

By applying this method to each frame in a video it is possible to effec-

tively detect and track every moving object. This method of detecting 

moving objects in a video is known as background subtraction. 

In [10] [17] Heikkila and Silven describe a changed pixel as foreground 

if: 

 |𝐼𝑡(𝑥, 𝑦) −  𝐵𝑡(𝑥, 𝑦)| >  𝜏 ( 1 ) 

where 𝜏 is a specific threshold, 𝐼𝑡(𝑥, 𝑦) the current image and 𝐵𝑡(𝑥, 𝑦) the 

analysed background image.  

In order to guarantee a reliable motion detection the background model 

should be updated frequently. The background model is updated if: 

 𝐵𝑡+1 =  𝛼𝐼𝑡 + (1 − 𝛼)𝐵𝑡 ( 2 ) 

where 𝛼 is an adjustment coefficient. The smaller the number, the slow-

er changes in the sequence of images are updated in the background 

image. However, if the adjustment coefficient is too large, it can form 

artificial tails after the moving objects.  
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The background is updated with the current frame, if a pixel is detected 

as foreground for more than m of the last M frames. This makes it 

possible to compensate the occurrence of new static objects and abrupt 

illumination changes. Furthermore, a pixel is hidden from involvement 

if it changes state from background to foreground frequently. The 

described practice is designed to adjust volatile environment conditions.   

It is possible that several problems are encountered in the process of 

building a reliable working background model, such as illumination 

changes, shadows or swinging branches, and therefore it is necessary to 

create background models which are robust to noise, but sensitive 

enough to detect new objects.  

To find the right parameters for the models can be a challenge, but there 

are already several useful applications, e.g. image segmentation and 

morphology algorithms. 

2.1.3 Image segmentation 

Image segmentation or image processing is another technique in image 

processing and computer vision. It is a process in which the current 

image is partitioned into different regions, each with its distinct charac-

teristics and properties [4]. The regions correspond to different objects in 

the image. The goal of this process is to facilitate the depiction of an 

image.  

Image segmentation can be used to analyse spatial and temporal activi-

ty. An image can be analysed to obtain information about spatial activi-

ty in the form of detailed image structures or shapes in the image [27]. 

But for motion estimation, it is important to know the temporal differ-

ence or the motion between two or more sequential images [6]. 

Most image segmentation techniques can be divided into two categories: 

edge detection and region extraction. The result after using these pro-

cesses is a set of regions or segments covering the entire image and 

axtracting information about the structure of the objects. The descriptors 

or objects take the form of lines, points, regions and other unique depic-

tions. 

Image segmentation is a critical part of an image recognition system 

because errors in segmentation might propagate to feature extraction 

and classification. 
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Edge detection is one of the fundamental tools of image segmentation 

and using this technique will reduce the quantity of data having to be 

processed. It transforms an original image into an edge image based on 

the changes of the grey-level intensity in the original image. Thus, the 

edge detection contains the localization of important variations of a grey 

tone image and the detection of the geometrical and physical properties 

of objects [19] [21]. 

 

Figure 1: An example for edge detection [21] 

 

Region extraction is looking for similarities between contiguous pixels. 

Thus, this method is used to divide an image into unique regions, if 

several neighbouring pixels have similar properties and attributes. Each 

region defines one object of interests after the assumption [21] [7]. The 

most common technique used is the grey-level intensity, but there are 

also other possibilities, like variance or colour.  

 

Figure 2: An example for region extraction [7] 

 

Region extraction has several advantages over the edge-based methods. 

One advantage is a better performance for images with boundaries that 

are weak. Another advantage is that the edge detection algorithm is 

significantly more sensitive to the location of initial shapes, like the 

effect of noise  

Thresholding: To separate the pixels in an image into different classes 

(objects of interest) the similarities in grey-level intensity are used. A 

threshold value has to be chosen to which every pixel is compared. Each 
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pixel with a value above the threshold value is replaced with a white 

pixel, pixels with a value below or equal to the threshold is replaced 

with a black pixel [28]. The result of this kind of segmentation is a bina-

ry image with different regions [7] [13]. 

2.1.4 Morphology 

Morphology is a set of tools used to analyse and manipulate the form of 

connected clusters of pixels [9]. The morphological operations can be 

used to analyse and manipulate all types of images, but it is primary 

applied for processing binary images. The key operators for this kind of 

processing are relative simple and called dilation and erosion. There are 

several applications for the morphology process, e.g. filtering noise from 

an image using thresholding, boundary detection, region filling or 

separating objects from each other, all analysing the neighbouring pixels 

around centre pixel of each structure pixel [29].  

2.1.5 Kalman filter 

The Kalman Filtering algorithm is a mathematical algorithm with an 

important role in computer vision. It uses a set of measurements about 

dynamic systems monitored over time and containing uncertain infor-

mation, e.g. statistical noise, to make educated guesses about what the 

object or system is going to do in the next step [8] [12] [5]. The algorithm 

can be executed in two steps: 

        - The state of the system is predicted 

        - The measurement noise is used to refine the state prediction. 

2.2 Related work 

There are different research topics relating to motion analysis and 

prediction of future activity; some focus on image segmentation includ-

ing edge detection, region extraction and thresholding, others on back-

ground subtraction, and some focus on usage of prediction methods.  

In a paper by Jaswant R. Jain and Anil K. Jain [11], they describe the 

working principle of motion estimation.  

Naeem Ahmad gives an introduction to the calculation of the angle of 

view and the focal length in his doctoral thesis [31]. These equations can 

be used for the experimental setup. 

In a paper by Janne Heikkilä and Olli Silven [10], they describe motion 

detection using background subtraction, the commonly used technique 

for segmenting objects of interest in a video. They explain their algo-
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rithm, which is one of the easiest methods, and it is simply performed 

by subtracting the background image from the current frame. They also 

write that it is necessary to update the background image when back-

ground changes occur. Alan McIvor defines a formula for the back-

ground subtraction in his paper [17] and Makito Seki, Hideto Fujiwara 

and Kazuhiko Sumi [24] describe a robust background subtraction 

method for a changing background and which reduces the errors from 

other methods, e.g. not fast enough to update quick changes reliably. 

The morphology process is explained in the book ‘Fundamentals of 

Digital Processing’ by Chris Solomon and Toby Breckon [29], as well as 

in the paper by Hugo Hedberg, Frederik Kristensen and Viktor Öwall 

[9].  

In a paper by Akanksha Bali and Dr. Shailendra Narayan Singh, the 

basics of image segmentation are explained [4]. They describe edge 

detection for different derivatives, the threshold method for global and 

local thresholding, and the region based segmentation. 

In a paper by Rediffmail Muthukrishnan and Myilasamy Radha differ-

ent algorithms for edge detection are briefly presented, providing an 

introduction to several techniques and their advantages and disad-

vantages [21]. 

It can be a challenge to find the perfect threshold value, and it is easy to 

miss isolated pixels or to include extra pixels. In their paper for region-

based image segmentation, Gang Chen, Tai Hu, Xiaoyong Guo and Xin 

Meng describe [7] the Otsu´s method. It is used to automatically per-

form a reduction of a grey-level image to a binary. Noboyuki Otsu 

describes the technique in his paper in detail [23]. 

In his paper R.E. Kalman describes the problem with the Wiener filter, 

re-analyses the Bode-Schannon representation and develops the later so-

called Kalman Filter [12]. Greg Welch and Gary Bishop give an intro-

duction to the Kalman Filter [5]. They describe, inter alia, the probability 

that a certain event will occur in a sample space, the random variables, 

the Gaussian distribution and the stochastic estimation. Another paper 

by Mohinder S. Grewal and Angus P. Andrews explains the theory and 

practise of the Kalman Filter using MATLAB [8]. 
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3 Methodology 
3.1 Method 

This project is divided into two main parts: the background study and 

the creation of the model to analyse the data and to predict future activi-

ty. 

3.1.1 Background study 

The theory behind motion estimation in general, algorithms for the 

detection of moving objects, as well as the prediction of new incoming 

trajectories, are described in the second chapter of this thesis. 

The theoretical background study focuses on research articles and 

papers about the motion detection and the prediction of new trajecto-

ries. These articles and papers describes the several sub-themes of 

motion detection and the prediction of future activity, e.g. how to cap-

ture the video or the image sequence, how to implement motion detec-

tion algorithms and filters to reduce noise and how to define the predic-

tion model. 

3.1.2 Implementation 

The second part of the project was divided in several sections: first, the 

motion detection algorithm had to be written, to be able to analyse the 

video and detect the moving objects. Several pre-experiments were done 

to collect information for the experimental setup, inter alia, the number 

of frames per second needed to make a reliable object detection was 

calculated. The experiments were performed to obtain the images se-

quences to be analysed using the background subtraction algorithm. 

Next, a model was created to visualise the moving objects’ behaviours 

and to make a statistical interpretation of these moving. The final step 

was creating an algorithm to predict trajectories based on new incoming 

data and a model was built again to visualize the prediction. Finally, the 

accuracy of the predicted path was calculated and an overview of the 

reliability of this system was provided. 
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3.2 Model 

Prediction

Motion detection

Background subtraction Motion estimation

Morphology

Object detection

Statistical model

Video acquisition

Image segmentation

-Kalman Filter
-Particle filter
-Gauss-Newton filter

-feature matching
-Gradient-based methods

-Frame differencing
-Mean filter
-Gaussian average

-black/ white video
-3 colour video

-Blob analysis

-Edge detection
-Region extraction
-Thresholding

 
Figure 3: General system overview 

The project could be realized in different ways with multiple functions 

and alternatives (Figure 3). Background subtraction followed by mor-

phology and object detection was chosen to make the object detection as 

simple as possible. The system overview for this project can be seen in 

Figure 4. 
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Motion detection

Prediction

Morphology

Object detection

Statistical model

Video acquisition

Image segmentation

Background subtraction

-Kalman Filter

- 2 coloured image sequences

-Blob analysis

-Thresholding

-Frame differencing

 
Figure 4: Project´s system overview 

Two coloured image sequences were captured for images of the moving 

object. The next step was motion detection, which is performed on each 

frame. The background subtraction’s output was an image with white 

and black pixels; the black pixels defined the background and the white 

pixels usually defined the moving object. However, there was also a lot 

of noise occurring in the white pixels for the background, or in black 

holes in the detected object. The morphology algorithm was used to 

delete this noise and to fill the holes. The result was an image where the 

black pixels represented the background and white pixels the moving 

object. Blob analysis was applied to the black/white image to search for 

correlated pixels. The output was the coordinates of the detected objects, 

which were used to build the statistical model. It calculated the mean 

value and the standard deviation for all moving objects and visualised 
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the parameters as well as all detected objects in several plots. The last 

step was the prediction of future activity realised by using the Kalman 

Filter. Because the Kalman Filter cannot make a reliable object predic-

tion after a great direction change, such as the direction before and after 

the impact [30], the prediction algorithm was trained using the coordi-

nates before the impact to predict the next coordinates. After this, the 

filter was trained using the coordinates following the impact, and also to 

predict the next coordinates. Therefore, the Kalman Filter was trained 

twice for every trajectory.  
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4 Experimental Setup 
4.1 Detected area 

A static background was chosen to make the background subtraction as 

simple as possible. Furthermore, a small area was defined to capture the 

image sequences and avoid noise in the captured images, which could 

consist of people running through the image or other moving objects. 

 

Figure 5: Detection area 
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4.2 Devices, components, software 

The devices used to make the videos, the components for the realization 

of the video and the software are listed in this subchapter. 

Table 1: Used devices 

Type of device Device name Purpose 

2 cameras UI-5490SE-C-HQ Rev.2 Capture the moving object 

 
Table 2: Used components 

Type of component Purpose 

Table tennis ball 

 

Use as the moving objects 

Green cloth Use as static background 

Table  Use to bounce the ball 

 
Table 3: Used software 

Software Purpose 

MATLAB Data analysis 

 

4.3 Camera settings 

Several pre-experiments were done to find the best camera settings. 

First, a static object was placed at different distances in the interval 50 

cm to 6 m, which was the maximum distance between the cameras and 

the green cloth. Background subtraction was applied and the variance 

between the real object size and the detected object size were compared. 

The result was that the detected ball sizes had the same size as the real 

object in a distance of 6 meters. The detected object only had small holes 

at the edges, which could be refilled using the morphology algorithm. 

Therefore, a distance of 4 m was chosen, rather than 6 m, because the 

ball was also going to be bounced diagonally over the table for a differ-

ent distance to the object’s trajectories. This is only possible if the bounc-

ing point is shorter than the maximum distance. 

A second pre-experiment was done to obtain information about the best 

camera settings. The conclusion was that at least 8 frames were needed 

to create the statistical model and that the camera had to produce 20 

images per second. Because the frame rate of the camera was only 2 

using the default image size of 3840x2748, the size was set to 960x686. 
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The cameras were theoretically able to capture 40 FPS with this image 

size, but the frame rate also depends on the pixel clock and the exposure 

time. Therefore, further experiments with a fixed frame rate of 20 and 

different settings for the pixel clock and the exposure time were done to 

find the best result by analysing the images with the motion detection 

algorithm. The conclusion of these experiments was the final settings for 

the camera. 

Table 4: Camera settings 

Image size 960x686 

Frame rate 20 

Pixelclock 24 

Exposure time 2 ms 

 

 

Figure 6: Cameras 

The reason for using two cameras and two image sequences at the same 

time is the stereoscopic distance calculation between the cameras and 

object. Because this method uses the object differencing on both images 

and an irregular measurement like an offset leads to an incorrect dis-

tance calculation, the cameras had to be set exactly parallel to each 

other. This was realised using two metal profiles between both cameras.  

The cameras also had to capture the images at the same time to realise 

an accurate stereoscopic measurement. Therefore, both computers had 

to be set to exactly the same time. This was realised using the Network 

Time Protocol (NTP) which can be used to synchronize the system 

clocks between several computer systems. The networking protocol 

takes the time from several time servers and adjusts the time if there is 
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an offset. The result of using the NTP was a time offset less than 4 ms 

and this did not influence the stereoscopic measurement. 

4.4 Scenarios 

Different scenarios, such as throwing the ball fast and slow onto the 

table, were performed to create and test for a statistical model. For this 

purpose, the ball was thrown onto the table using different velocities 

and angles and also changing the bouncing points. Therefore, the creat-

ed model was able to detect the moving objects and analysed their 

trajectories in different scenarios.  

 



Flight Pattern Analysis 

André bei der Hake 

5 Design/Implementation 

2016-08-12 

 

18 

 

5 Design/Implementation 
Two MATLAB codes were written to perform the motion detection 

including the background subtraction, the segmentation, the morpholo-

gy algorithm and the blob analysis and to create the statistical model 

and to predict future activity. 

5.1 Motion detection 

The first MATLAB code called centroid_set_both_cameras loaded all 

images from the defined folder, analysis the moving objects, searched 

for the object’s centroid and saved its coordinates and the time stamps 

for the statistical model. At the end, the code had to modify which 

images should be analysed; images from the left camera or from the 

right camera.  

The codes for the different sections can be found in the appendix. 

5.1.1 Background subtraction 

The first step of the motion detection was the background subtraction. 

The pre-experiments showed that the best background subtraction 

results could be reached when the images were converted to double 

precision grey images. Therefore, all loaded images were converted to 

greyscale images in the first step and then to double precision images. 

Furthermore, the first loaded image was used to define the static back-

ground image, but this image should be an image without the moving 

object. 

By subtracting each background image pixel from the current processed 

image pixel, the result was an image with a black background and the 

foreground. This process was performed for each loaded image. 

5.1.2 Segmentation  

The segmentation algorithm was applied to the resulting images of the 

background subtraction; the result was black and white images. A 

threshold was tested in the pre-experiments to find the best results after 

this process. Therefore, all pixels with a value higher than the threshold 

of 0.023 was set to a black pixel and all pixels with a value below the 

threshold value was set to white. 
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5.1.3 Morphology   

Every image usually had a lot of white pixels as a result of noise after 

background subtraction and segmentation, but this was removed by the 

implemented morphology algorithm. 

A MATLAB app called Image Morphology was installed for the pre-

experiments and used to try different morphology operations. There-

fore, an image was loaded into this program and different operations 

like erosion followed by dilation, or dilation followed by erosion were 

applied to the image produced by the segmentation algorithm. Moreo-

ver, different shapes like a ball, a diamond, or a disk, could be applied 

to the white pixels to delete pixels or fill holes to retrieve the original 

object shape. The best test result and corresponding setting for the 

morphology operation in the code was achieved with the erosion opera-

tion was followed by the dilation operation and using the shape ball to 

fill holes in the detected object.  

5.1.4 Blob analysis   

A blob analysis object was defined to detect the correlated pixels. The 

object was configured in a way so that it searched for 20 connected 

pixels and provided the coordinates of the object’s centroids. The output 

was used to create the statistical model explained in the next section. 

5.2 Statistical model 

This section describes how the second MATLAB code (analy-

sis_centroids_set_both_cameras) works with the coordinates and time 

stamps to create the statistical model and predict future activity.  

Two different models were created to define and visualize the trajecto-

ries: one model for the height and the width, and one model for the 

distance, between the cameras and the object, and the width. The coor-

dinates in the code for the width are defined as x-coordinates; the height 

coordinates as z-coordinates and the coordinates for the distance as y-

coordinates. 
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5.2.1 Load data and correct values 

The first three sections loaded the coordinates and time stamps from the 

defined folder into the MATLAB workspace. Because the blob-analysis 

starts its measurement at the upper left corner and the MATLAB plot-

function starts at the bottom left corner, the values for the height had to 

change. Therefore, the following calculation is applied to every value: 

 680 −  𝑧𝑙𝑒𝑓𝑡    and    680 −  𝑧𝑟𝑖𝑔ℎ𝑡     ( 3 ) 

where 680 is the maximum pixel value for the height and 𝑧𝑙𝑒𝑓𝑡 and 𝑧𝑟𝑖𝑔ℎ𝑡    

the original coordinates from both cameras for the height of object´s 

centroid calculated by the blob-analysis. The results were the corrected 

values for the height. 

5.2.2 Statistical model for the height and the width 

The code sections 4–6 are used to create the statistical model for the 

height and width. 

Two quadratic polynomial functions were created with the MATLAB 

function ‘polyfit’ for every trajectory to visualize the path of the ball. 

The reason for two functions is that the ball bounced on the table and it 

was not possible to define an accurate prediction function for the abrupt 

change after the bounce. The coordinates of the first three and the last 

three detected balls were used to define the two functions, because the 

‘polyfit’ function needed at least 3 coordinates to define a quadric func-

tion. The reason for the last three detected balls was the bouncing point 

that was not known until this step of processing and therefore the first 

three balls detected after the bounce were also unknown. 

The intersection point of both functions was calculated in the next step, 

and this point defined the bouncing point. Next, the function values 

were calculated for the first function at an interval of 10 pixels until the 

bouncing point and then the calculation continued with the second 

function from the bouncing point until the max value of 960. The result 

was the trajectory at an interval of 10. A set of trajectories were given 

after applying this calculation to every throw and the resulted detected 

balls.  

The mean and the standard deviation values were calculated at the 

interval of 10 pixels. This was the last step of creating the statistical 

model for the height and the width.  

 



Flight Pattern Analysis 

André bei der Hake 

5 Design/Implementation 

2016-08-12 

 

21 

 

5.2.3 Statistical model for the distance and the width 

The distance between the cameras and the object was calculated in 

sections 7–9 to create the statistical model for the distance over the 

width. 

The stereoscopic distance measurement was applied to all detected 

balls. Therefore, the program compared the images from both cameras 

with the same time stamp and calculated the distance from the cameras 

to the object using the following formula [20]: 

 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
𝐵 ∗ 𝑥0

2 ∗ tan (
𝜑0

2 ) ∗ (𝑥𝐿 − 𝑥𝐷)
 ( 4 ) 

 

where B is the distance between both cameras, 𝑥0 the number of hori-

zontal pixels, 𝜑0 the viewing angle of the camera and 𝑥𝐿 − 𝑥𝐷 the hori-

zontal difference between the same object on both pictures. 

The result of each calculation was the distance between the cameras and 

the object in meter.  

The calculated values could be used for further processing to create the 

statistical model distance over width. A linear polynomial function was 

created with the ‘polyfit’ function because the ball takes a straight path 

from one side to the other side. The function values were also calculated 

at an interval of 10 pixels as well as the mean and the standard devia-

tion. 

5.2.4 Prediction of future activity 

The Kalman filter was used in section 10 to predict future activities. 

Several experiments showed that the prediction of future activity was 

only accurate, if the detected balls and the detected trajectories were 

between the upper and lower standard deviation. The reason is that 

these trajectories out of the standard deviations changed their direction 

too fast and it was not possible to train the Kalman reliably.  

Because the velocity of the ball was not constant, a constant acceleration 

was used to configure the Kalman filter and initial coordinates were set. 

The pre-experiments showed that a high initial estimate error trains the 

filter faster than a small initial value and therefore it was set to 1000. In 

contrast to that, the value for the motion and measurement noise should 

be small to get the best training and prediction result. Therefore, the 

motion noise was set to 1 and the measurement noise to 0.1.  
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The first Kalman filter was trained with the first three detected coordi-

nates and predicts the values for the fourth step. Because the fast speed 

of ball before bouncing on the table, the system could not detect more 

than four frames with the moving object before the impact.  

The second filter for the height and width model was also trained in 

three steps, and it predicted the next four coordinates. This was possible 

because the speed of the ball was not that fast after bouncing on the 

table, and the system could capture more frames with the moving 

object. Thus, a greater number of predicted coordinates could be com-

pared with the real detected coordinates.   

Two Kalman filters were also used for the prediction of future activity 

for the second statistical model, because the distance between the coor-

dinates before the bouncing point were more than two times greater 

than the distance between the coordinates after the bouncing point. 

Otherwise the filter had to be trained again after the ball bounced on the 

table to make an accurate prediction.  

Therefore, the Kalman filters for the distance over width model were 

implemented in the same way as the first two filters. The first three 

coordinates trained the filter to predict the next fourth location and the 

second prediction filter for this model was trained with the first three 

coordinates after the bouncing point to predict the next 4 locations. 

5.2.5 Calculate values for plotting  

Because the calculated values for the height and the width based on 

pixel values and the statistical model should be plotted in meters, the 

values were corrected in section 11. 

Captured background width in m: 2.30 

Image size in pixel:   960x686 

The pixel/m value can be calculated using the following formula: 

 
960 𝑝𝑖𝑥𝑒𝑙𝑠

2.30 𝑚
= 417.39

𝑝𝑖𝑥𝑒𝑙𝑠

𝑚
 ( 5 ) 

 

All values for the height and width including the mean and standard 

values calculated in the previous sections were divided by 417.39 pix-

els/m. The result will be a value in meter for every variable.  
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5.2.6 Plotting the results 

Eight plots are realised to show the results of this program. The follow-

ing list gives an overview of the possible plots for the two models: 

The detected balls 

The calculated polynomial functions 

The mean and standard deviation values 

The predicted paths 
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6 Results 
The results of the motion detection including background subtraction, 

segmentation and morphology algorithm were analysed. Furthermore, 

the statistical model was explained and the prediction results of future 

activity were analysed.  

6.1 Motion detection 

6.1.1 Segmentation  

Figure 7 shows a certain area of the result after background subtraction 

and segmentation. There is a lot of noise in the image, but it cannot be 

prevented in the background subtraction. 

 

Figure 7: Background subtraction and segmentation result 
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6.1.2 Morphology 
 

 

Figure 8: Morphology result 

Using Equation 5 and the values from the Table 6 the real object height 

and width could be calculated. 

 
real object height =

sensor height ∗ distance to object ∗ object height

focal length ∗ image height
 ( 6 ) 

 

Table 5: Units for Equation 5 

Real height mm 

Sensor height mm 

Distance to object mm 

Object height pixels 

Focal length mm 

Image height pixels 

 
Table 6: Values for Equation 5 

Resolution (h x v) 3840 x 2748 

Sensor size 6.413 x 4.589 mm 

Focal length 16 mm 

Measured distance 4.3m 

Measured object height/width 19/20 Pixels 
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The result of the height calculation was 35mm, which is 5 mm smaller 

than the actual table tennis ball, which was 40mm. This shows that a 

number of issues could be encountered in motion detection, which 

could influence the result of the statistical model and the prediction. 

6.2 Statistical model: Height over width 

6.2.1 Detected balls 

 

Figure 9: Height over width model 

The figure above shows the detected balls on their path from the right 

side to the left side, and vice versa. It also shows that the balls bounced 

around 1.1 m, which was the middle of the table. There were also balls 

that bounced before and behind the middle.  
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6.2.2 Calculated paths 

 

Figure 10: Calculated paths for the height over width model 

The calculated trajectories based on the first detected balls at an interval 

of 10 pixels (2.4 cm) are shown in Figure 10. It can be seen that most 

defined functions fit perfectly. There were only a few locations that did 

not fit into the function. This indicated an error in the motion detection, 

either in the background subtraction, the segmentation, or in the mor-

phology algorithm. But this could be neglected, because the other detec-

tions worked well and fitted into the function. 

The trajectories that were like a linear function indicated the first detect-

ed locations after the throws, because the velocity was high. However, 

the trajectories that were like a quadratic function indicated the detected 

balls after the impact, because the ball lost speed. 

6.2.3 Mean and standard deviation values 

To calculate the mean values for the interval of 10 the MATLAB code 

used Equation 7 
 

𝜇 =  
1

𝑁
∑ 𝑥𝑖

𝑁

𝑖=1

 ( 7 ) 

 

where x are the values for the height and N is the number of values. 
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The standard deviation values could be calculated using Equation 8. 

 
 

𝜎 = √
1

𝑁
∑(𝑥𝑖 − 𝜇)²

𝑁

𝑖=1

 ( 8 ) 

 

Where x is the height value, N is the number of values and 𝜇 is the 

actual mean value. 

 

Figure 11: Mean and standard deviation for the height over width model 

The mean values and the upper and lower standard deviation values 

that were calculated using Equations 7 and 8 are shown in Figure 11.   

The calculated maximum standard deviation is 0.228 m around 0.7 m on 

the horizontal axis, and the value for the minimum standard deviation 

value is 0.075 around 1.9 m. 

It can be seen that the ball had to take similar trajectories on the right 

side, because the standard deviation is very small in contrast to the 

other standard deviations. The increase of the standard deviation on the 

right edge was caused by the trajectory that had a vertex around 1.7 m 

on the horizontal axis and 2.25 m on the vertical axis. 
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6.2.4 Predicted path 

 

Figure 12: Prediction results for the height over width model 

A trajectory from the right side to the left side was used to predict future 

activity. The first three detected balls and their coordinates were used to 

train the first Kalman filter and this is the reason that the results for the 

first three steps fitted exactly into the circles for the detected balls. The 

coordinates for the fourth ball were predicted in the next step. The 

following table gives an overview of how accurate the prediction was. 

Coordinates for width [m] height [m] 

Detected ball 1.1996 0.4049 

Predicted ball 1.2033 0.4027 

Difference 0.0037 0.0022 

 

The straight distance between the detected and the predicted ball can be 

calculated by using the Pythagorean theorem: 

 
𝑎2 +  𝑏2 =  𝑐2   →   𝑐 =  √𝑎2 +  𝑏2 ( 9 ) 

where a and b are the difference in the width and height direction and c 

the straight distance between the coordinates points.  
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The distance could be calculated to be 0.0043 m. This low value for the 

distance shows that the prediction including training the filter worked 

well. 

The filter was trained again after the impact with three detected coordi-

nates and afterwards the next four locations (red circles) were predicted.  

The calculation of the distance between the predicted and real coordi-

nates was also performed for the coordinates after the impact and the 

results can be seen in Table 7. The x-values define the width of the 

detected space and the z-values the height. 

Table 7: Prediction results for the height over width model 

Prediction 

 

Detected Predicted Difference Distance 

[m] 
x  

[m] 

z  

[m] 

x  

[m] 

z  

[m] 

x  

[m] 

z  

[m] 

1 0.5336 1.1311 0.5397 1.1351 0.0061 0.004 0.0073 

2 0.3731 1.2600 0.3846 1.2745 0.0115 0.0145 0.0185 

3 0.2151 1.3550 0.2302 1.3840 0.0151 0.029 0.0326 

4 0.0555 1.4117 0.0764 1.4637 0.0209 0.052 0.056 

 

The distance between the real and the predicted coordinates was the 

double value from the previous prediction. Therefore, the distance 

increased from prediction to prediction and the accuracy of the predic-

tion decreased. But it could be said that a distance difference of 0.056m 

between the detected and the predicted coordinates after the fourth 

prediction step was quite good and that this model for four prediction 

steps worked well. 
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6.3 Statistical model: Distance over width 

6.3.1 Detected balls 

 

Figure 13: Distance over width model 

The figure above shows the detected balls on their path from the right 

side to the left side, and vice versa, in the distance over width view. The 

distances were calculated using the stereoscopic principle. The figure 

also shows that most trajectories were in a distance of 4 m, and that 

some trajectories took a diagonal route over the table. The distance 

between the first detected balls were also larger before the impact than 

the distance between the last detected balls, because the ball lost energy 

during the impact and therefore it also lost velocity and more images 

could be captured.  
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6.3.2 Calculated paths 

 

Figure 14: Calculated paths for the distance over width model 

Figure 14 shows the linear functions that were defined using the results 

of the stereoscopic measurements. The calculated trajectories at an 

interval of 10 pixels (2.4 cm) show that the ball was thrown parallel to 

the horizontal axis as well as diagonally over the table. 

A few detected coordinates did not fit that well into the function, for 

example the trajectory that started in the distance of 3.5m. Some loca-

tions of the ball were above and below the linear function. This indicates 

that the stereoscopic distance measurement had a little error, because 

the ball’s trajectory should be straight. One reason could be a time 

difference between both computers, which makes it impossible to make 

an accurate stereoscopic calculation.   
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6.3.3 Mean and standard deviation values 

 

Figure 15: Mean and standard deviation for the distance over width model 

The mean values and the upper and lower standard deviation values for 

the distance over width model are shown in Figure 15.  

The value for the maximum standard deviation was 0.39 at 2.3 m and 

the minimum standard deviation value was 0.25 at 0.55 m on the hori-

zontal axis. 

By comparing Figure 14 and 15 it can be seen that all trajectories but one 

lay within an area on the left side and that this was the reason for the 

low standard deviation. However, by comparing the right side of both 

figures it can be seen that there were more trajectories that were not 

close to the others, and which led to a higher standard deviation. 
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6.3.4 Predicted path 

First prediction 

 

Figure 16: Prediction results II for the distance over width model 

Figure 16 shows the prediction for the same trajectory as in Figure 12, 

but the distance over the width view.  

The prediction for this trajectory was also done in two steps. The first 

three coordinates trained the first Kalman filter and the next fourth 

location was predicted. Then, the next three coordinates after the impact 

trained the second filter that predicted the next four coordinates.  

The distance between the predicted values from both filters to the real 

and detected values could also be calculated using the Pythagorean 

theorem (Equation 8). Table 8 shows the results. The x-values define the 

width of the detected space and the y-values the distance between the 

object and the cameras. 
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Table 8: Prediction results I for the distance over width model 

Prediction 

 

Detected Predicted Difference Distance 

[m] 
x [m] y [m] x [m] y [m] x [m] y [m] 

1. filter 1 1.1996 3.9884 1.2039 4.0130 0.0043 0.0246 0.0249 

        

2. filter 1 0.5336 3.9155 0.5402 3.8618 0.0066 0.0537 0.0541 

2. filter 2 0.3731 3.9105 0.3849 3.7794 0.0118 0.1311 0.1316 

2. filter 3 0.2151 3.9045 0.2304 3.6737 0.0153 0.2308 0.2313 

2. filter 4 0.0555 3.9042 0.0765 3.5444 0.021 0.3598 0.3604 

 

It can be seen that only the first prediction model works well. The dif-

ference between the detected and the predicted coordinate was only 2.5 

cm, and that is smaller than the diameter of the table tennis ball. 

The problem with the second filter was that the stereoscopic measure-

ment for this trajectory was not very accurate and therefore the calculat-

ed coordinates after the impact were not on the linear function and the 

filter was trained for a trajectory as a quadratic function. This explains 

the high deviation of the last three predicted coordinates compared to 

the real coordinates.  
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Second prediction 

A second prediction for another trajectory was carried out to show that 

the prediction could work well if the coordinates for training the filter 

were on the linear function. 

 

Figure 17: Prediction results II for the distance over width model 

The prediction results are shown in Table 9. The x-values define the 

width of the detected space and the y-values the distance between the 

object and the cameras. 

Table 9: Prediction results II for the distance over width model 

Prediction 

 

Detected Predicted Difference Distance 

[m] 
x [m] y [m] x [m] y [m] x [m] y [m] 

1. filter 1 1,1455 4,1337 1,1383 4,1798 0,0072 0,0461 0.0466 

        

2. filter 1 0,5401 4,0151 0,5388 4,0198 0,0013 0,0047 0.0048 

2. filter 2 0,3612 3,9853 0,3580 3,9795 0,0032 0,0058 0.0062 

2. filter 3 0,1837 3,9846 0,1768 3,9392 0,0069 0,0454 0.0459 
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This prediction model shows that the prediction result will be good if 

the first three coordinates are on the linear function.  

But there was a difference between the detected and the predicted 

coordinates; the reason for this is the stereoscopic measurement and not 

the prediction model, and therefore some detected ball coordinates 

caused the differences. 
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7 Discussion 
7.1 Motion detection 

The result of using the morphology algorithm was not a perfect circle, 

because, after the segmentation algorithm, the balls had a lot of noise 

around the lower edge (Figure 7). One reason could be the effect of the 

light, because the light came from the ceiling and the ball was not evenly 

illuminated. This resulted in the motion detection algorithm not being 

able to define the right borders; the lower edges were cut and the cen-

troids should be lower than the analysed coordinates. An example of 

object detection can be seen in Figure 8. The size of the detected ball was 

calculated using the formula 8; the calculation did not match exactly the 

size of the original ball. 

However, the morphology algorithm was able to remove the noise that 

was a result of the segmentation. You can see that the algorithm re-

moved all white pixels (Figure 8), which was not a part of the ball. 

7.2 Statistical model 

As mentioned in section 6.2.2, only a few of the displayed balls did not 

fit to the functions in the height and width model. This indicates an 

error in the motion detection either in the background subtraction, the 

segmentation, or in the morphology algorithm.  

Figure 14 shows that the stereoscopic measurement of the distance did 

not work perfectly, because the ball’s trajectory should be straight and 

several detected coordinates did not fit that their function that well in 

the distance over width model. The reason for this error is the stereo-

scopic measurement. There could be a time difference between both 

computers which makes it impossible to make an accurate stereoscopic 

calculation. 

7.3 Prediction 

The result of the four prediction steps in section 6.2.4 was quite good, 

although the Kalman filter for the trajectory was trained with quadratic 

function coordinates. 

But the prediction results of the distance and width model were quite 

different to each other. For the first predicted path for four coordinates 

the coordinates were similar to a quadratic function, and the filter was 
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trained in a wrong way. But if the stereoscopic measurement calculated 

the right three coordinates to train the filter, the prediction worked 

perfectly. As already mentioned in section 6.3.4, the difference between 

the predicted and the analysed coordinates depended on the error in the 

stereoscopic measurement for the third coordinate. 

The second prediction model also shows that the prediction of future 

activity for the distance is more accurate than the prediction for the 

height (Figure 12). The reason is that it is easier to predict coordinates 

for a linear trajectory than for a quadratic trajectory.  

7.4 Conclusion 

Several experiments were done to reach the stereoscopic data acquisi-

tion and the result was two image sequences for each new trajectory. 

The selection of the algorithm for the analysing has been explained in 

the previous chapters. The sequences were analyzed using the motion 

detection and the result was the centroid´s coordinates, which were 

used to create the statistical models. 

The statistical models for the height and width and the distance and 

width were created using the detected balls. This makes it easy to as-

sume the trajectories. Furthermore, several functions were calculated 

based on the coordinates to make the trajectories more visual, the mean 

and standard deviation values were calculated for both models and 

displayed in a new graph.  

The Kalman filters for both models were trained using three coordinates 

to make a reliable prediction of future activity. A second prediction for 

the distance over width was done, because the first one was not that 

accurate because of the inaccurate stereoscopic measurement.  

The results show that the light had a negative influence on the motion 

detection and therefore the morphology algorithm was not able to detect 

a perfectly round ball. Furthermore, the stereoscopic distance measure-

ments sometime had an error which was caused by the time difference 

between both computers. The prediction algorithm worked well for 

both statistical models if the system reliably detected and analysed the 

coordinates.  
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7.5 Ethical and social aspects 

The prediction of the possibility of a collision between flying objects and 

structures does not involve ethical and social issues. It is intended to 

make increase safety for humans and animals by for example a reliable 

group security or warning system for birds between wind turbines. 

Furthermore, the prediction algorithm has no negative influence on 

nature or human life. 

7.6 Future work 

To improve objection detection a white ball should be used, in order to 

increase contrast between the ball and the green background. Further-

more, the light conditions should be changed, for example, the light 

spots could be behind the cameras to illuminate the ball evenly. The 

result of these two improvements should be a perfectly round circle 

after motion detection.  

Another way to improve the result after the morphology algorithm is 

the use of the Hough transform if the circle is not perfectly round. The 

algorithm extends the missing part and the result will be a perfectly 

round shape. In this way, the blob analysis algorithm could calculate the 

right centroid of the ball. 

To create a more accurate statistical model for distance and width, the 

stereoscopic measurement could be improved. A way to do this could 

be the use of one PC for both cameras to minimise the time offset be-

tween the cameras. 

If the object detection algorithm makes an inaccurate analysis of the 

coordinates and the Kalman filter is trained with this data, the predic-

tion would be unreliable. To improve reliability, the filter could be 

trained with more coordinates, in which case an unsuccessful detection 

would not influence the result to any greater extent.  

Another improvement for the prediction of future activity could be 

correction of the current predicted coordinates. The next measurement 

could be used to compare the predicted and real coordinates and the 

filter can use the result to improve its behaviour.  

The prediction results could be used to calculate the possibility of colli-

sion between flying objects and structures and for countermeasures to 

prevent collisions. 
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Appendix A:  
 centroids_set_both_cameras 

%% This function analyses an image sequence and creates a da-

taset with the 
% calculated centroids.  

  
% !!! change the output variables at the end of this program 

depending !!!  
% !!! if the images from the right or left camera should be 

analysed   !!!  

  
%% 
% list all images in the current folder 
imagefiles = dir('C:\Users\student\Documents\MATLAB\*.png'); 
% number of files found 
nfiles = length(imagefiles);     
% create a cell aray for the time stamps 
time_stamp_set = cell (nfiles, 7); 
% the hypen is used to seperate the image names  
hyphen = char(45); 
% create cell arays for the background subtraction and blob 

analyse  
bg_image =                      cell (1, nfiles); 
bg_image_precision =            cell (1, nfiles); 
input_image_grey =              cell (1, nfiles); 
input_image_grey_precision =    cell (1, nfiles); 
img_sub =                       cell (1, nfiles); 
img_logical =                   cell (1, nfiles); 
im_morph =                      cell (1, nfiles); 
% threshold for image segmentation 
threshold = 6/255; 

  
%% 
% for-loop to load the images and get the time stamps 
for i=1:nfiles 
    % write the imagenames in the variable 
    image_name = imagefiles(i).name; 
    % get the time stamps 
%     time_stamp = sscanf(image_name, ['%d' hyphen ]); 
    % create a set with the time stamps 
%     for c=1:7 
%         time_stamp_set {i,c} = time_stamp(c); 
%     end 
    % load the images into a variable  
    currentimage = imread(image_name); 
    % create a set with the images 
    images{i} = currentimage; 
end 

  
%% create a blob analyse object 

  
% Blob analysis object further filters the detected foreground 

by rejecting 
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% blobs than 150 pixels 
blobAnalysis = vision.BlobAnalysis ('BoundingBoxOutputPort', 

true, ... 
    'AreaOutputPort', false, 'CentroidOutputPort', true, ... 
    'MinimumBlobArea', 20); 

  
%% foreground detection and blob analyse to get the object's 

centroid 

  
% define the background image 
bg_image{1,1}=rgb2gray(images{1,1}); 
%bg_image_precision{1,1}=im2double(bg_image{1,1}); 
bg_image_precision{1,1}=im2double(images{1,1}); 

  
% values to count the rows and coloums 
c=1; 
d1=1; 
d2=2; 
e=1; 

  
for i=1:nfiles 
    % convert the the RGB image to a greyscale intensity image 
    input_image_grey{1,i} =rgb2gray(images{1,i}); 
    % convert the intensity image to a double precision 
    %in-

put_image_grey_precision{1,i}=im2double(input_image_grey{1,i}); 
    input_image_grey_precision{1,i}=im2double(images{1,i}); 

     
    % back ground subtraction 
    img_sub{1,i}=input_image_grey_precision{1,i} - 

bg_image_precision{1,1}; 
    % get the image size 
    [row, col] = size(img_sub{1,i}); 
    % define the image for the segmentation 
    img_sub_cell = img_sub{1,i}; 

     
    % for-loop for the image segmentation 
    for r=1:row 
        for c=1:col 
            % pixel value is below the threshold ... 
            if img_sub_cell(r,c)<= threshold 
                % ... set the actual pixel as a black pixel 
                segmentation_image(r,c)=0; 
            % pixel value is above the trheshold ...     
            else 
                % ... set the actual pixel as a white pixel  
                segmentation_image(r,c)=255; 
            end 
        end 
    end 

     
    % convert the segmented image to a logical image 
    img_logical{1,i}=logical(segmentation_image); 
    im_morph{1,i} = imopen( images{1,i}, strel('Ball',0,0,0)); 
    % blob analysis for the current image 
    % Detect the connected pixels with the specified minimum 

area and 
    % compute their bounding boxes 
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    [centroid,bbox] = step (blobAnalysis, im_morph{1,i}); 
    % set output_check if the blob analyse output is empty   
    output_check = isempty(bbox); 
    % check for an empty bbox value 
    if output_check(1,1) == 1 
        % waits until the else-loop sets e to 0. 
        % This if-loop is necessary to jump only in the next 

coloum after 
        % the fist output is empty 
        if e == 0 
            % set e to 1: a detected object is necessary to set 

e to 0 and 
            % to jump in the next coloum 
            e = 1; 
            % go to the first row 
            c = 1; 
            % go to the next centroid and time stamp coloum 
            d1 = d1+2; 
            d2 = d2+2; 
        end 
    % if the blob analyse output ii not empty ...     
    else 
        % ------------- right camera ----------------------- 
        % copy centroid's x and y coordinates into a set  
        centroids_right_camera_set(c,d1) = centroid(1); 
        centroids_right_camera_set(c,d2) = centroid(2); 
        % copy image's ime in sec and msec into a set 
        time_right_camera_set(c,d1) = time_stamp_set (i,6); 
        time_right_camera_set(c,d2) = time_stamp_set (i,7); 

         
%         % ------------- left camera ----------------------- 
%         % copy centroid's x and y coordinates into a set  
%         centroids_left_camera_set(c,d1) = centroid(1); 
%         centroids_left_camera_set(c,d2) = centroid(2); 
%         % copy image's ime in sec and msec into a set 
%         time_left_camera_set(c,d1) = time_stamp_set (i,6); 
%         time_left_camera_set(c,d2) = time_stamp_set (i,7);         

                
        % for the next row 
        c = c+1; 
        % set e to 0 to make it possible for jumping in the next 

coloum 
        e = 0; 
    end 
end 

  
% save the centroid's coordinates and the time stamp variables 

from the 
% workspave in a MATLAB file 

  
% ----------------- right camera ----------------------- 
save('centroids_right_camera_set', 'cen-

troids_right_camera_set'); 
save('time_right_camera_set', 'time_right_camera_set'); 
% % ----------------- left camera ----------------------- 
% save('centroids_left_camera_set', 'cen-

troids_left_camera_set'); 
% save('time_left_camera_set', 'time_left_camera_set'); 



Flight Pattern Analysis 

André bei der Hake 

Appendix A: 

2016-08-12 

 

48 

 

 analysis_centroids_set_both_cameras 
% This function analyses a set of data to create a statistical 

model about 
% historical activity and predict the future activity 

  
%% Section 1 
% load the data with the centroid cooirdinates and the time 

stamps 
load('centroids_right_camera_set.mat'); 
load('centroids_left_camera_set.mat'); 
load('time_right_camera_set.mat'); 
load('time_left_camera_set.mat'); 

  
%% Section 2 
% load the data into two variables 
% get the size of the loaded centroid data set 
set_size = size (centroids_right_camera_3D_set); 
% calculate the half size, because the data set includes x and z 

values 
half_size = set_size /2; 
% set the half size number for the coloums to a variable 
hs = half_size (1,2); 
% get the size for the loaded time stamps data set 
time_right = size(time_right_camera_3D_set); 
time_left = size(time_left_camera_3D_set); 

  
% define variables to count the rows and coloums  
r=1; 
c=1; 
d1=1; 
d2=2; 

  
% for-loop to load the values into new variables 
for k=1:hs 
    % 2 for-loops to compare the time stamps from both cameras 
    for j=1:time_right(1,1) 
        for i=1:time_left(1,1) 
            % set a flag, if the time stamps are equal 
            tf(i,j) = isequal(time_right_camera_3D_set 

(j,d2),...  
                time_left_camera_3D_set (i,d2)); 
            % load the values into new variables, if the flag is 

set 
            if tf(i,j) == 1 
                x_left(r,c)=  centroids_left_camera_3D_set 

(i,d1); 
                z_left(r,c)=  centroids_left_camera_3D_set 

(i,d2); 
                x_right(r,c)= centroids_right_camera_3D_set 

(j,d1); 
                z_right(r,c)= centroids_right_camera_3D_set 

(j,d2); 
                % go to the next row 
                r=r+1; 
            end 
        end 
    end 
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    % if one time stamp row is compared, jump to the next rows 
    d1=d1+2; 
    d2=d2+2; 
    c=c+1; 
    % jump to the first row 
    r=1; 
end 

  
%% Section 3 
% the z values are corrected 
% because the blob analyse starts the measurements at the upper 

left corner 
% and the plot-function starts at the bottom left corner 

  
% get the size of the x_right variable 
array_size_1 = size (x_right); 
% set a variable with the number of coloums 
az1 = array_size_1(1,2); 

  
% for-loop to correct the z-values 
% the for-loop is perfomed coloum by coloum 
for j =1:az1 
    % find the first row with a 0 value 
    count_limit_1 = find (~x_right(:,j)); 
    % check if the coloum has a 0 value and set a flag if not 
    check1= isempty(count_limit_1); 
    % if the flag for no zeros is set ... 
    if check1 == 1 
        % ... set the variable to the array size 
        cl1 = array_size_1(1,1); 
    % if the coloum has at least one zero value ...  
    else 
        % ... set the variable to the row with the last value 
        cl1 = count_limit_1 (1,1)-1; 
    end 

     
    % for-loop to correct the z-values 
    % the for-loop is perfomed row by row 
    for i=1:cl1 
        % copy the values to a new variable 
        x_left_corrected(i,j) = x_left (i,j); 
        x_right_corrected(i,j) = x_right (i,j); 
        % z-values are correcte 
        % 680 is the maximum pixel value in z-direction 
        z_left_corrected(i,j) = 686 - z_left (i,j); 
        z_right_corrected(i,j) = 686 - z_right (i,j); 
    end 
end 

  
%% Section 4 
% create polynom functions to calculate the average and standard 

deviation 

  
% get the size of the x_right_corrected variable 
array_size_2 = size (x_right_corrected); 
% set a variable with the number of rows 
az2 = array_size_2(1,1); 
% create x values from 0 to 960 in an interval of 10 
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x=0:10:960; 
% for-loop to create 'az1' polynoms and to calculate the func-

tions and the 
% resulting intersections 
for j =1:az1 
    % find the first row with a 0 value 
    count_limit_2 = find (~x_right_corrected(:,j)); 
    % check if the coloum has a 0 value and set a flag if not 
    check2= isempty(count_limit_2); 
    % if the flag for no zeros is set ... 
    if check2 == 1 
        % ... set the variable to the array size 

(x_right_corrected) 
        cl2 = az2; 
    % if the coloum has at least one zero value ...  
    else 
        % ... set the variable to the row with the last value 
        cl2 = count_limit_2 (1,1)-1; 
    end 

     
    % cl22 is the antepenultimate detected ball  
    cl22= cl2 -2; 
    % create 2 polynom functions: one starts at the left side, 

one at the  
    % right side 
    % polynom funtions for the first three detected balls 
    polynom_f1(j,:)= polyfit (x_right_corrected(1:3,j),... 
        z_right_corrected(1:3,j),2); 
    % polynom funtions for the last three detected balls 
    polynom_f2 (j,:)= polyfit (x_right_corrected(cl22:cl2,j),... 
        z_right_corrected(cl22:cl2,j),2); 

     
    % function values are calculated for an intervall of 10 
    f1(:,j) =  polynom_f1(j,1)*x.^2 + polynom_f1(j,2) *x + 

polynom_f1(j,3); 
    f2(:,j) =  polynom_f2(j,1)*x.^2 + polynom_f2(j,2) *x + 

polynom_f2(j,3); 

     
    % Calculate the intersection point with the calculated 

functions. It is  
    % the bouncing point. The outputs are the intersections 

coodinates. 
    [xout,zout] = intersections(x,f1(:,j),x,f2(:,j),1); 

     
    x_out (1,j) = xout; 
    z_out(1,j) = zout; 

     
end 

  
%% Section 5 
% Calculate z values for every function 
% intervall for x = 10 pixels 
x_count =0; 
for j=1:97 
    x_M(j,1)= x_count; 
    x_count = x_count +10; 
end 
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% this for-loop creates an array with the function values (f1 

and f2) until 
% the intersection point 
for j=1:az1 
    % check if the ball came from the right side ... 
    if x_right_corrected(1,j)>480 
        % define the count limit 
        % it is the intersection point devided by 10 
        x_max(1,j)= floor(x_out(1,j) /10); 
        % the ball came from the right side -> x for f2=0 
        x_count_f2=0; 
        % continue the calculation after the intersection point 
        x_count_f1=x_max(1,j)*10; 
        % calculate the values from the intersection point to 

the end 
        for i=x_max(1,j): 97 
            z_for_average(i,j) = polynom_f1(j,1)*x_count_f1.^2 + 

polynom_f1(j,2) *x_count_f1 + polynom_f1(j,3); 
            x_count_f1 = x_count_f1 +10; 
        end 
        % calculate the values from 0 to the intersection point 
        for k=1 : (x_max(1,j)-1) 
            z_for_average(k,j) = polynom_f2(j,1)*x_count_f2.^2 + 

... 
                polynom_f2(j,2) *x_count_f2 + polynom_f2(j,3); 
            x_count_f2 = x_count_f2 +10; 
        end 

     
    % if the ball came from the left side ... 
    else 
        % define the count limit 
        % it is the intersection point devided by 10         
        x_max(1,j)= floor(x_out(1,j) /10); 
        % the ball came from the left side -> x for f1=0        
        x_count_f1=0; 
        % continue the calculation after the intersection point 
        x_count_f2=x_max(1,j)*10; 
        % calculate the values from 0 to the intersection point 
        for k=1 : (x_max(1,j)-1) 
            z_for_average(k,j) = polynom_f1(j,1)*x_count_f1.^2 + 

... 
                polynom_f1(j,2) *x_count_f1 + polynom_f1(j,3); 
            x_count_f1 = x_count_f1 +10; 
        end 
        % calculate the values from the intersection point to 

the end 
         for i=x_max(1,j): 97 
             z_for_average(i,j) = polynom_f2(j,1)*x_count_f2.^2 

+ ... 
                 polynom_f2(j,2) *x_count_f2 + polynom_f2(j,3); 
             x_count_f2 = x_count_f2 +10; 
         end 
    end 
end 

  
%% Section 6 
% calculate the average for the calculated z-values  
for j= 1:97 
    % mean values 
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    z_average(j,1)  = mean(z_for_average(j,:)); 
    % standard deviation 
    z_std(j,1) = std(z_for_average(j,:)); 
    % upper and lower standard deviation 
    z_M_S_plus(j,1) = z_average(j,1) + z_std(j,1); 
    z_M_S_minus(j,1) = z_average(j,1) - z_std(j,1); 
end 

  
%% Section 7 
% calculate the distance between the cameras and the object 
% distance camera - camera 
B = 0.1435; 
% pixels in x axis 
x0= 960; 
% angle of view 
phi0= 22.6; 

  
% get the size of the x_right_corrected variable 
array_size_2 = size (x_right_corrected); 
% set a variable with the number of rows 
az2 = array_size_2(1,1); 

  
for j=1:az1 
    % find the first row with a 0 value 
    count_limit_2 = find (~x_right_corrected(:,j)); 
    % check if the coloum has a 0 value and set a flag if not 
    check2= isempty(count_limit_2); 
    % if the flag for no zeros is set ... 
    if check2 == 1 
        % ... set the variable to the array size 

(x_right_corrected) 
        cl2 = az2; 
    % if the coloum has at least one zero value ...     
    else 
        % ... set the variable to the row with the last value         
        cl2 = count_limit_2 (1,1)-1; 
    end 

  
    % calculate the distance between the cameras and the object 
    for i=1:cl2 
        % calculate the pixel distance between the objects on 

both images   
        % at the same time 
        diff = x_left_corrected (i,j) - x_right_corrected (i,j); 
        % create a positive value, if the difference is negative  
        difference(i,j) = abs (diff); 
        % distance calculation cameras - object 
        y(i,j) = B * x0 /(2 *tand(11.3) * difference(i,j)); 
    end 
end 

  
%% Section 8 
% create polynom functions to calculate the average and standard 

deviation 

  
for j=1:az1 
    % find the first row with a 0 value 
    count_limit_2 = find (~x_right_corrected(:,j)); 
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    % check if the coloum has a 0 value and set a flag if not 
    check2= isempty(count_limit_2); 
    % if the flag for no zeros is set ... 
    if check2 == 1 
        % ... set the variable to the array size 

(x_right_corrected) 
        cl2 = az2; 
    % if the coloum has at least one zero value ... 
    else 
        % ... set the variable to the row with the last value 
        cl2 = count_limit_2 (1,1)-1; 
    end 

     
    % polynom funtions  
    polynom_xy (j,:) = polyfit 

(x_right_corrected(1:cl2,j),y(1:cl2,j),1); 
    % variable to count and to calculate the y values 
    xy_count=0; 
    % for-loop to calculte the y values 
    for i=1 : 97 
        y_for_average (i,j) = polynom_xy(j,1)*xy_count + poly-

nom_xy(j,2); 
        % variable to plot the function at the end 
        xy_M(i,1) = xy_count; 
        % count plus 10 for the next intervall 
        xy_count = xy_count +10; 
    end 
end 

  
%% Section 9  
% calculate the average for the calculated y-values 
for j= 1:97 
    % mean values 
    y_average(j,1)  = mean(y_for_average(j,:)); 
    % standard deviation 
    y_std(j,1) = std(y_for_average(j,:)); 
    % upper and lower standard deviation 
    y_M_S_plus(j,1) = y_average(j,1) + y_std(j,1); 
    y_M_S_minus(j,1) = y_average(j,1) - y_std(j,1); 
end 

  
%% Section 10 
% predict further activity with the Kalman filter 
% the predicted trajectory is a ball coming from the right side, 

bouncing 
% on the table and flying to the left side 

  
% values setting to configure the Kalman filter 
param.motionModel        = 'ConstantAcceleration'; 

  
initialLocation_f1       = 

[x_right_corrected(1,2),z_right_corrected(1,2)]; 
initialLocation_f2       = 

[x_right_corrected(1,5),z_right_corrected(1,5)]; 
% initialLocation_f3       = [x_right_corrected(1,2),y(1,2)]; 
% initialLocation_f4       = [x_right_corrected(5,2),y(5,2)]; 

  
initialLocation_f3       = [x_right_corrected(1,4),y(1,4)]; 



Flight Pattern Analysis 

André bei der Hake 

Appendix A: 

2016-08-12 

 

54 

 

initialLocation_f4       = [x_right_corrected(5,4),y(5,4)]; 

  
param.initialEstimateError  = 1000* ones(1, 3); 
param.motionNoise           = [0.1, 0.1, 0.1]; 
param.measurementNoise      = 0.1; 

  
% create the Kalman filter 

  
% the first Kalman filter predict the path from the right side 

until the 
% bouncing point, z view 
kalmanFilter_f1 = configureKalmanFilter(param.motionModel, ... 
    initialLocation_f1, param.initialEstimateError, ... 
    param.motionNoise, param.measurementNoise); 

  
% train the first Kalman filter with the first 3 detected balls 
for i=1:3 
   detectedLocation_f1(1,1) = x_right_corrected(i,2);  
   detectedLocation_f1(2,1) = z_right_corrected(i,2); 
   predict(kalmanFilter_f1); 
   newLocation_f1(:,i) = cor-

rect(kalmanFilter_f1,detectedLocation_f1); 
end 
% predict the next ball location 
for i=4:4 
    newLocation_f1(:,i) = predict(kalmanFilter_f1); 
end 
%--------------- 

  
% the second Kalman filter predict the path from the bouncing 

point until  
% to the left side, z view 
kalmanFilter_f2 = configureKalmanFilter(param.motionModel, ... 
    initialLocation_f2, param.initialEstimateError, ... 
    param.motionNoise, param.measurementNoise); 

  
% train the second Kalman filter with the first 3 detected balls 

after the 
% intersection 
for i=5:7 
    detectedLocation_f2(1,1) = x_right_corrected(i,2); 
    detectedLocation_f2(2,1) = z_right_corrected(i,2); 
    predict(kalmanFilter_f2); 
    newLocation_f2(:,i) = cor-

rect(kalmanFilter_f2,detectedLocation_f2); 
end 
% predict the next 4 ball locations 
for i=8:11 
    newLocation_f2(:,i) = predict(kalmanFilter_f2);  
end 
%--------------- 

  
% the third Kalman filter predict the path from the right side 

until the 
% bouncing point, y view(distance) 
kalmanFilter_f3 = configureKalmanFilter(param.motionModel, ... 
    initialLocation_f3, param.initialEstimateError, ... 
    param.motionNoise, param.measurementNoise); 
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% train the third Kalman filter with the first 3 detected balls 
for i=1:3 
   detectedLocation_f3(1,1) = x_right_corrected(i,4);  
   detectedLocation_f3(2,1) = y(i,4); 
   predict(kalmanFilter_f3); 
   newLocation_f3(:,i) = cor-

rect(kalmanFilter_f3,detectedLocation_f3); 
end 
% predict the next ball location 
for i=4:4 
    newLocation_f3(:,i) = predict(kalmanFilter_f3); 
end 
%--------------- 

  
% the fourth Kalman filter predict the path from the bouncing 

point until  
% to the left side, y view(distance) 
kalmanFilter_f4 = configureKalmanFilter(param.motionModel, ... 
    initialLocation_f4, param.initialEstimateError, ... 
    param.motionNoise, param.measurementNoise); 

  
% train the fourth Kalman filter with the first 3 detected balls 

after the 
% intersection 
for i=5:7 
    detectedLocation_f4(1,1) = x_right_corrected(i,4); 
    detectedLocation_f4(2,1) = y(i,4); 
    predict(kalmanFilter_f4); 
    newLocation_f4(:,i) = cor-

rect(kalmanFilter_f4,detectedLocation_f4); 
end 
% predict the next 4 ball locations 
for i=8:11 
    newLocation_f4(:,i) = predict(kalmanFilter_f4); 
end 

  
%% Section 11 
% calculate x and z values in meter 

  
%   background width=2.30m    960Pixels/2.30m= 417.39Pixels/m 
%   one pixel = 0.0024m = 2.4mm 
%   Heigh=1.64m    2.3 m /960Pixels*686 = 1.65m 

  
% centroid's locations 
for j=1:az1 
    for i=1:11 
        x_right_corrected_m (i,j) = x_right_corrected (i,j) 

/417.39; 
        z_right_corrected_m (i,j) = z_right_corrected (i,j) 

/417.39; 
    end 
end 

  
for j=1:az1 
    for i=1: 97 
        z_for_average_m(i,j) = z_for_average (i,j)/417.39; 
    end 
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end 
% average values 
for j= 1:97 
    z_average_m(j,1)  = z_average(j,1)/417.39; 
    z_std_m(j,1) = z_std(j,1)/417.39; 
    z_M_S_plus_m(j,1) = z_M_S_plus(j,1)/417.39; 
    z_M_S_minus_m(j,1) = z_M_S_minus(j,1)/417.39; 
    x_M_m (j,1) = x_M (j,1) /417.39; 
end 

  
% prediced trajectorys 
for j=1:4 
    newLocation_f1_m(1,j) = newLocation_f1(1,j)/417.39; 
    newLocation_f1_m(2,j) = newLocation_f1(2,j)/417.39; 

     
    newLocation_f3_m(1,j) = newLocation_f3(1,j)/417.39; 
    newLocation_f3_m(2,j) = newLocation_f3(2,j); 
end 

  
% prediced trajectorys 
c=1; 
for j=5:11 
    newLocation_f2_m(1,c) = newLocation_f2(1,j)/417.39; 
    newLocation_f2_m(2,c) = newLocation_f2(2,j)/417.39; 

     
    newLocation_f4_m(1,c) = newLocation_f4(1,j)/417,39; 
    newLocation_f4_m(2,c) = newLocation_f4(2,j); 

        
    c=c+1; 
end 

  

  
%%  Section 12 
%   plot values (in meters) 
%   background width=2.30m    960Pixels/2,30m= 417,39Pixels/m 
%   one pixel = 0.0024m = 2.4mm 
%   Heigh=1.64m    2.3 m /960Pixels*686 = 1.65m 

  
subplot(2,1,1); 
axis ([0 2.4 0 1.6]); 
hold; 

  
k=14; 
for j =1:k 
    % find the first row with a 0 value 
    count_limit_2 = find (~x_right_corrected_m(:,j)); 
    % check if the coloum has a 0 value and set a flag if not 
    check2= isempty(count_limit_2); 
    % if the flag for no zeros is set ... 
    if check2 == 1 
        % ... set the variable to the array size 

(x_right_corrected) 
        cl2 = az2; 
    % if the coloum has at least one zero value ...     
    else 
        % ... set the variable to the row with the last value 
        cl2 = count_limit_2 (1,1)-1; 
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    end 

     
    %plot all centroids 
    scat-

ter(x_right_corrected_m(1:cl2,j),z_right_corrected_m(1:cl2,j),15

);   
    %plot calculated z-values for x(interval=10) 
    %scatter(x_M_m(:,1),z_for_average_m (:,j),2,'fill'); 
end 

  
%plot average z-values for for x(interval=10) 
scatter(x_M_m(:,1),z_average_m(:,1),10,'k','fill'); 
%scatter(x_M_m(:,1),z_std_m(:,1),10,'fill'); 

  
% standard deviation 
scatter(x_M_m(:,1),z_M_S_plus_m(:,1),5,'b','fill'); 
scatter(x_M_m(:,1),z_M_S_minus_m(:,1),5,'b','fill'); 

  
% predicted paths 
scatter(newLocation_f1_m(1,:),newLocation_f1_m (2,:),10,'fill'); 
scatter(newLocation_f2_m(1,:),newLocation_f2_m (2,:),10,'fill'); 

  
title('Plot of Height over Width' ) % title 
ylabel('Height (m) ') % label for y axis 
xlabel('Width (m)') % label for x axis 

  
subplot(2,1,2); 
axis ([0 2.4 0 6]); 
hold; 

  

  
for j =1:k 
    % find the first row with a 0 value 
    count_limit_2 = find (~x_right_corrected(:,j)); 
    % check if the coloum has a 0 value and set a flag if not 
    check2= isempty(count_limit_2); 
    % if the flag for no zeros is set ... 
    if check2 == 1 
        % ... set the variable to the array size 

(x_right_corrected) 
        cl2 = az2; 
    % if the coloum has at least one zero value ...     
    else 
        % ... set the variable to the row with the last value 
        cl2 = count_limit_2 (1,1)-1; 
    end 

  
    %plot all centroids 
    scatter(x_right_corrected_m(1:cl2,j),y(1:cl2,j),10); 

     
    %plot calculated y-values for x(interval=10) 
    %scatter(x_M_m(:,1),y_for_average (:,j),2,'fill'); 
end 

  
%plot average y-values for for x(interval=10) 
%scatter(x_M_m(:,1),y_average(:,1),5,'k','fill'); 
%scatter(x_M_m(:,1),y_std(:,1),10,'fill'); 
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%standard deviation 
%scatter(x_M_m(:,1),y_M_S_plus(:,1),5,'b','fill'); 
%scatter(x_M_m(:,1),y_M_S_minus(:,1),5,'b','fill'); 

  
% predicted paths 
%scatter(newLocation_f3_m(1,:),newLocation_f3_m 

(2,:),10,'fill'); 
%scatter(newLocation_f4_m(1,:),newLocation_f4_m 

(2,:),10,'fill'); 

  
title('Plot of Distance over Width' ) % title 
ylabel('Distance (m)') % label for y axis 
xlabel('Width (m)') % label for x axis 

  

  
%% Section 13  
% plot x, y and z values 

  
%  subplot(2,1,1); 
%  axis ([0 1000 0 700]); 
%  hold; 

  
%%plot in pixel 
% k=2; 
% for j =k:k 
%     count_limit_2 = find (~x_right_corrected(:,j)); 
%     check2= isempty(count_limit_2); 
%      
%     if check2 == 1 
%         cl2 = az2; 
%     else 
%         cl2 = count_limit_2 (1,1)-1; 
%     end 
%      
%     %plot all centroids 
%     scat-

ter(x_right_corrected(1:cl2,j),z_right_corrected(1:cl2,j),10); 
%      
%     %plot calculated z-values for x(interval=10) 
%     %scatter(x_M(:,1),z_for_average (:,j),2,'fill'); 
% end 
% scatter(newLocation_f1(1,:),newLocation_f1 (2,:),10,'fill'); 
% scatter(newLocation_f2(1,5:11),newLocation_f2 

(2,5:11),10,'fill'); 

  
% %plot average z-values for for x(interval=10) 
% scatter(x_M(:,1),z_average(:,1),2,'k','fill'); 
% %scatter(x_M(:,1),z_std(:,1),10,'fill'); 
%  
% % standard deviation 
% scatter(x_M(:,1),z_M_S_plus(:,1),2,'b','fill'); 
% scatter(x_M(:,1),z_M_S_minus(:,1),2,'b','fill'); 
%  
% title('Plot of Heigh over Width' )    % title 
% ylabel('Heigh (m) ')                  % label for y axis 
% xlabel('Width (m)')                   % label for x axis 


