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Abstract 
 
Particle tracking has been used widely to track a single particle motion or trajectory in a medium. One of the applications of the particle 
tracking is in sports analysis. The tracking method can be divided into, the wearable device based system and the image based system. 
The wearable device based system utilizing global (GPS) and local (LPM) positioning system to track player movement. The image 
based system use video image processing to track the player movement and recorded is frames basis. However, the image processing 

method in a football match requires correction as it is normally recorded from the side of the field. Thus, to solve this problem a set of 
mathematical solution is needed to convert the image coordinate system (pixels) to the actual coordinate system (meters). The most 
commonly used is the homography method. The technique requires at least 4 reference points to transform the image coordinate into the 
actual coordinate system. In this project, a futsal game was recorded. The image coordinate of the player were marked in each frame with 
respect to the time. The image coordinate data were converted into the actual coordinate using homography matrix. Comparisons were 
made between the homography technique method and open-source available image warp processing method for validation. Based on the 
result, the homography coordinate transformation system produce a good agreement with actual player activity on the field.  
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1. Introduction 

The modern football data analysis includes many aspects such as 
the game speed, formation, tactical, set pieces, new rules and oth-
ers. As the sport became more complex, football analyst have to 

find a way to decipher the dynamic code of football. Therefore, 
some analyses in the game are done with the help of mathematics. 
In football, tracking devices are used to record the x-y position of 
each player with respect to time. This system applies either manu-
al or automated system. The abundant data collected needs math-
ematics for analysis. The companies who develop such system are  
ProZone, Amisco Pro and Tracab [1].  
Position detection systems allows scientific investigations of play-

er motion analysis in order to determine the extent of fatigue expe-
rience, variations of physical performances, and the effectiveness 
of training interventions [2]. The wearable based tracking system 
are routinely used compare to the image-based system [3].  How-
ever, the system were not permitted in official FIFA matches until 
recently because the system requires wearable active transponders 
on the player. The image based tracking system however, requires 
multiple camera in order to cover the whole playing field [4]. 

Through both tracking techniques, it has been possible to collect 
data for each player position on the field at every instant. The data 
collected is analyzed which included mathematical solution and 
such method is the application of adaptive calculus fractional cal-
culus (FC) in order to improve the player tracking accuracy [5]. 
Direct Linear Transformation (DLT) is a technique to relate a 
point located in the object space/plane and the corresponding im-
age point on the image plane of the camera. The DLT method 

converts the video images from broadcasting perspective into the 
actual coordinate according to the homography concept [6]. Re-
search by Zhenxing, let O = (Xw,Yw )T be the actual coordinates of 

a point on the field, and o = (x,y)t be its corresponding image co-
ordinates on the video captured. The data is converted into the 
matrix form: 
 

                                                                            (1) 

 
Where μ is the scale factor and H is the homography 3 ×3 matrix 
[7]. The variable for this formula is the homography matrix, H 
value where it is defined by the position and angle of the camera. 
Different camera set up means a different set of homography ma-
trix. 
The trajectories of the player motion come from connecting points 
referring player particle at each selected frames. In Cartesian co-
ordinate, the most common method is using trigonometry triangle 

to calculate distance and angle between two points. After the actu-
al field coordinate has been obtained, then the data such as instan-
taneous speed, top speed, and distance covered, the angle between 
players can be calculated. The data collected reflect the perfor-
mance of each player and their contribution to the match. Thus, it 
is more convenient for the coaches to monitor their player based 
on this data rather than direct observation of players on the side-
line. 

This project recorded data from a futsal match. The recorded data 
was then analyzed using homography technique to produce the 
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actual motion of each player. The data was then compared with 
image warp technique from an open source software for valida-
tion. Only a single camera was used to achieve the intended objec-
tive.    

2. Methodology 

The project methodology presented focuses on the modelling used 
in the homography technique, the image warp technique used, 
camera setup, homography estimation and data analysis. 

2.1. Homography Matrix Technique 

Homography matrix, H is actually a transformation matrix be-
tween two planes or can be defined as planar transformation. The 
matrix is in a 3 × 3 matrices with 8 degrees of freedom and an 

arbitrary number. Let the image coordinate be P(xi,yi) in a pixel 
unit and actual coordinate be Q(xr,yr) in meter, m. Thus, the gen-
eral equation is  
 

                                                                                        (2) 
 
and the equation is reversible; 

 

                                                                                 (3) 

 
from the equation in (2), the inhomogeneous coordinate is 
 

                                                 (4) 
 

in inhomogeneous coordinates where  and  
therefore 

 

                              (5) 
 

 (6) 
 
without loss of generality, the zr = 1 and h9 =1 as it is an arbitrary 
number: 

 

 
(7) 

 

 (8) 

 
these equations can be written in matrix form to represent one 
corresponding point: 
 

 

  
(9a) 

 

 (9b) 

 
Then, the other 3 corresponding point matrix was positioned be-
low the matrix above to make sure the matrix multiplication pos-
sible. In order to solve the value of h1, h2, h3, h4, h5, h6, h7 and h8, 
the 8 × 8 matrices were moved to the right-hand side to obtain the 
inverse matrix.  
 

 
 
Multiply the inversed matrix with the 8 × 1 matrix. Rearrange the 

value of h1 to h8 to get the homography matrix value (h9 = 1 as an 
arbitrary number): 
 

 

(11) 

  
The actual coordinate was obtained simply by inversing the ho-
mography matrix and multiply by the image coordinate (in pixel 
unit) as follow: 
 

 

(12) 

 
The product of the matrix multiplication above is inhomogeneous 

coordinate, where to get the real value of the field coordinate is to 
make sure the value of z’r is equal to 1 by divide all the value 
respect to the z’r value. Each set of coordinate has a different 
value of z’r. Thus, the final step is: 
 

 
(13) 

 
This is one of the simplest forms in homography estimation. There 
are many ways to calculate the homography matrix and much 
more complex [6][8]. 

2.2. Image Warp Technique 

This technique uses image shape transformation. The technique is 
provided by an open source software. The purpose of this method 
is to convert the irregular rectangular image form in the video into 
an actual shape of the court. After the desired shape of the court is 
obtained, then the image was measured to 38.4 m × 18 m dimen-
sion which is the futsal court actual dimension. Through this, all 

the pixel coordinate in the image was converted into the actual 
scale (in meter).  

2.3. Camera Setup and Calibration  

All data from the experiment come from a video recording. The 
football match was recorded on a futsal court. It was a 6-a-side 
(including the goalkeeper) match. Four players were selected to be 
analyzed. A calibration was done to improve data collection.  

 
Fig. 1: Image distortion illustrations [9] 
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Fig. 2: Relationship between image coordinate system to real world coor-

dinate system [7]. 

Radial distortion as illustrates in Figure 1 can cause huge error. It 

is still possible to do the planar transformation for this project 
however with a different set of a mathematical solution [10][11]. 
It is easy to identify if the image captured has distorted. Capture 
the image of the field line and use it the as reference line. Then, 
draw a straight line on the image and ensure the reference line is 
straight. For example, Figure 3 was taken from the futsal court. 
The figure clearly shows the sideline (white sideline) and the 
drawing line (red line) is parallel to each other. Thus, the camera 

used has no image distortion.  
 

 
Fig. 3: Image distortion illustrations 

The camera must be static for the whole calibration and recording 
process. A suitable tripod was used for this experiment. 

 
Fig. 4: Camera set up 

The camera is set up on the hills beside the futsal court approxi-
mately 4.7 meter above the futsal court.  
Calibration needs to be done every time the camera is set up be-
cause it will produce a different set of homography value. Four 
reference coordinate is needed for the calibration and must be 
linked to the image coordinate [12]. On the futsal court, four 
markers were placed on the court. In the experiment, the nearest 

corner was blocked by the hills thus a point needs to be selected 
which was the half sideline point. Figure 5 illustrate the four 
points selected on the court.  
Next step was to link the real world coordinate to the image coor-
dinate with help of the open source software. The x-y axes was 
inserted into the video with the origin on the bottom left corner of 
the image. The four points corresponding to the points in Figure 5 
was marked. The data produced is in pixels. The sideline was 

marked on the image coordinate with 5 marking point. The dis-
tance that connects the marked points were compared to the actual 
length of the line for validation purposes. 

 
Fig. 5: Four points selected on the court  

2.4. Homography Estimation 

The center point of the court was taken as the initial point for the 
coordinate transformation. The first point taken in the center court 
point marked was 798 for xi and 264.5 for yi (unit in pixels). The 

point was tested in case there was an error in calibration. The con-
verted coordinate calculation showed a value of 18.65 m for xr and 
8.75 m for yr where the expected value should be 19.20 m for xr 
and 9.00 m for yr. The percentage error produced were 2.865 % 
and 2.778% for x and y position respectively. 
 

 
Fig. 6: Flowchart of the homography calculation  

2.5. Data Analysis 

The image coordinate was determined in each frames for calibra-
tion and player motion. Three important data were taken the xi 
value, yi value and the instantaneous time, t.  
There were few assumptions made. The first assumption is that all 
particle movement must be lies on the same z-plane because the 
equation is limited on a 2-dimensional plane. Thus, all player con-
sidered to be on the ground surface for all time even if they were 
jumping or moved away from the ground surface. The second 
assumption is the court area is perfectly flat. Third, to mark the 

player on the image, the player foot is used because it lies on the 
surface. The player body is used as the centre of mass. The inter-
section between the lines is the marking point. The final assump-
tion is the player considered to be inside the image at all the time 
of video recording.   
 

 
Fig. 7: Player point marking method 

 
The video was taken at 25 frames per second. Each step was taken 
at the interval of 0.40 seconds. The full-length video was about 
391 seconds. The pixel quantity is based on the video resolution.  
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Fig. 8: Player4 motion tracked by the software 

 
Image warp converts non-rectangle shape image into a rectangle 
shape image. Figure 9 shows the result of image warp for the 
whole court. The player image was distorted because of their body, 

not in the same plane with the court. Even the court image was 
distorted because of the uneven surface of the court. The higher 
the camera set up, the less distorted image is obtained especially 
the player body. After the entire coordinate has been transformed. 
Comparisons were made between both techniques used. The data 
were discussed on the player x-y position, speed, and the accelera-
tion of the player.    
 

 
Fig. 9: Image warp technique 

 

The four corresponding set of coordinates use in this experiment 
was: 

 

Table 1: Four corresponding set of coordinates  

Coordinates 

Real world coordinate (m) Image coordinate (pixel) 

xr,1 19.2 yr,1 0 xi,1 1085 yi,1 214 

xr,2 38.4 yr,2 0 xi,2 1240 yi,2 297.5 

xr,3 38.4 yr,3 18 xi,3 857.5 yi,3 343.5 

xr,4 0 yr,4 18 xi,4 47 yi,4 216 

 
The homography matrix obtained for the coordinate transforma-
tion is 
 

 

(14) 

3. Results 

The results presented focuses on the differences of x-y position, 
speed and accelerations between all four players involve using the 
homography and the image warp techniques. 

3.1. Data Validation 

The court sidelines were measured using the homography method. 
The lines were marked with five points to illustrate the particle 
movement on that line. All the points were then converted into 

real world coordinate. The data was compared with the actual 
length. The length of the three lines were 19.96 m, 18.32 m, and 
18.80 m. The difference produces were 3.958%, 4.583%, and 
2.083 % respectively which shows good agreement.  

3.2. Comparison between two Different Techniques 

Figure 9 and Figure 10 shows the x-y position of four players on 
the court. Based on the results, there is not much difference be-

tween the homography technique and image warp technique. From 

the Figure 3-1, the percentage different of average x position were 
0.958%, 1.295%, 0.579% and 0.225% meanwhile in y position 
shows 1.386%, 8.239%, 2.540% and 2.138% for Player1, Player2, 
Player3 and Player4 respectively. Player4 has less variance be-
cause the Player4 stays closest to the camera.  
 

 
Fig. 9: Players x-position on the court between two different techniques at 

interval 0-5.32 s  

 

 
Fig. 10: Players y-position on court between two different techniques at 

interval 0-5.32 s 

 
Figure 11 and Figure 12 shows the difference in speed and accel-

eration between the two techniques. The different in the maximum 
variance of speed value were 1.98, 1.08, 2.72 and 0.84 while the 
different in the maximum variance of acceleration value were 8.39, 
4.09, 8.27 and 2.29 for Player1, Player2, Player3 and Player4 re-
spectively. The image warp produce was distorted therefore the 
difference in value is expected.   
 

 
Fig. 11: Players speed against time between two different techniques at 

interval 0-5.32 s  
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Fig. 12: Players acceleration against time between two different tech-

niques at interval 0-5.32 s  

3.3. Data of Players 

Four players selected produced 979 sets of data each. From the 
Table 2, Player3 has made more than any player on the court cov-
ered 183.38 meters in total. Player3 was the fastest player follow 
closely by Player2. Compare to professional football player they 
can reach the speed of 27 km/h in a single sprint [13]. Player4 
only manage to reach 13.57 km/h. Player3 shows the highest aver-
age speed meaning that player always in motion throughout the 

match without resting in one particular coordinate. That also ex-
plains why Player3 has the highest distance covered. The average 
x-y position shows the common area played by particular player.  
 

Table 2: Data comparison of the four players 

Particle  Player1  Player2  Player3  Player4  
Distance covered 

(m)  
111.60  127.56  183.38  162.55  

Top speed (m/s)  4.24  4.60  5.12  3.77  
Top speed (km/h)  15.26  16.56  18.43  13.57  
Average speed 

(m/s)  
2.16  1.85  2.56  1.38  

Average x-y 

position (m)  
(23.6, 

10.4)  
(16.9, 

11.1)  
(17.2, 

7.5)  
(14.3, 

8.5)  

4. Conclusion  

The study carried out has been successfully achieved and satisfy 
the objectives of using homography matrix to convert image coor-
dinate to actual coordinate and extracting data of player motion 
from the video recording. The result shows a similar pattern be-
tween the homography and image warp technique for the x-y co-
ordinate results but varied slightly in speed and acceleration. This 
is comparable with published research [14]. However, the result 

can be improved further with better equipment and devices set up. 
In future, data that were recorded will be compared against wear-
able based system such as GPS system. 
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