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Resumen 
 
  
Contexto   
 
El hockey sobre hielo es el deporte más popular en Suecia. Cada año lo practican más 
personas y esto hace que la tecnología para mejorar los entrenamientos también esté 
aumentando. Hay diferentes opciones para ello en el mercado, basadas en cámaras de 
alta definición y sensores complejos, pero son muy caras para que puedan adquirirlas 
los que se inician en este deporte. 
  
Objetivos  
 
La meta del proyecto es construir un sistema que pueda ser adaptado a una portería de 
hockey capaz de detectar la posición y la velocidad de un disco de hockey. En este 
documento se presenta una solución para la fase de detección de posición usando 
sensores de ultrasonidos y para la fase de detección de la velocidad utilizando Kinect y 
una cámara. El objetivo es mostrar que existen soluciones más baratas a las utilizadas 
en el mundo profesional. 
  
Método  
 
El proyecto se dividirá en dos fases, la fase de detección y la de medición de la velocidad. 
 
En la fase de detección se usarán sensores de ultrasonido en un circuito basado en 
Arduino. Los sensores medirán la distancia al suelo desde la parte de arriba del prototipo 
de portería de hockey, donde estarán situados. Si esta distancia cambia, significará que 
un objeto a atravesado la portería, en este caso el disco de hockey, y un LED se 
encenderá como aviso. 
 
En la fase de medición de la velocidad se utilizará una cámara con Kinect para detectar 
el disco de hockey y calcular la velocidad como la derivada del espacio respecto al tiempo 
calculando la posición en dos lugares diferentes y usando el intervalo de tiempo que 
transcurre entre dichos instantes. 
 
 
   



Resultados  

Se realizarán varios tests de prueba para cada fase y finalmente se valorará la precisión 
de cada uno de los métodos. Estos resultados determinarán si el método utilizado 
funciona correctamente y si es útil o no para su objetivo. 

  



Abstract  
 
  
Context   
 
Ice hockey is tha main sport in Sweden. There are more people practicing it every year 
with them, the interest in mechanism to improve the training it is also raising. There are 
many different options for that in the market, consisting in high definition cameras and 
complex sensors, but there are very expensive for the begginers in the practice of this 
sport. 
  
Objectives  
 
The goal of the Project is to build a system which can be adapted in a hockey goal to be 
able to detect a hockey puck both position and speed. In this document, we present a 
solution for detecting and measuring phase using ultrasonic sensors for the detection and 
a Kinect camera for both detection and speed measurement. The aim is to show that 
there are cheaper solutions than the ones used in the professional world. 
  
Method  
 
The Project will be divided into two phases, the detection phase and the speed measure 
phase. 
 
In the detection phase ultrasonic sensors will be used in an Arduino board. The sensors 
will measure the distance to the floor from the top of the hockey goal prototype, where 
they will be placed, if this distance changes it means that the distance calculated is the 
one to the puck and not the floor so a LED will be turned on. 
 
In the speed measure phase a Kinect camera will be used to detect the puck and calculate 
the speed detecting the position in two different places and using the time interval 
between both measures. 
   
 

 



Results  

Some tests will be perormed for each phase and finally the accuracy of the methods will 
be calculated. This results will determine if the method works and if it is useful or not for 
its objective. 
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1. INTRODUCTION  
  
1.1 Introduction  
  
In Sweden, sports are an important part of the society. There are a large amount of people that 
often practice sports. Ice hockey is the most important sport in the country [1], despite the short 
population (about 9.8 million [2]), Sweden has been nine times and two times world and olympic 
champion respectively. This has made the number of ice hockey followers and players increase 
and the facilities have been improved in a profesional and an amateur way. 
 
Most of those improvements are based in new technologies. During the recent years, 
many sports have been introducing different devices to help the referees in controversial 
situations and to enhance the training for both profesional and amateur players. The most 
known case is probably the usage of the hawk-eye system in tennis, consisting in high-
precision cameras capable to measure if the ball has entered or not in the field [3]. 
 
Ice hockey is not an exception in the use of technology, for example the costumes of the 
players improve their safety and reviews are used so the referees can watch again 
controversial plays and the can take a more solid decisión avoiding mistakes. This Project 
will use the technology to build a smart hockey goal capable of detecting a hockey puck 
position and measure its speed when it crosses the goal line. 
 
1.2 Motivation  
  
New technologies have made smart goals perfect for training. They ease complicated 
tasks, such as calculate the puck speed when it crosses the line or accurately detect if it 
has completely entered in the goal. The motivation of this Project is to cover the lack of 
cheap (about 1000 SEK) alternative solutions to these problems, focusing in non 
profesional practice of the ice hockey. 

1.3 Previous research  
  
After researching the devices used today, it was observed that the detection methods            
used to include a high definition camera or motion sensors which makes them appropriate 
for a professional use, but are really expensive. For the case of this project they were not 
valid solutions. For this reason it has been decided to do a research of the existing 
technologies of lower cost that, although they are not currently used for this type of 



objectives, they could be adapted to offer a valid solution for the objective of this              
project.  
 

● Ultrasonic Sensors: There are many simple projects with ultrasonic sensors, 
mainly for distance detection. This principle can be adapted for the case of the 
project using such distances for the detection of the hockey puck.  
  

● Kinect technology: In the field of biomedicine there are projects with Kinect used 
for speed detection, but the main difference is that they are generally oriented to 
the detection of the speed of body movements by recognizing the different limbs 
[5].  

   
    

  



2. OBJECTIVES AND PROTOTYPE  
  
The main objective of the project is to build a prototype which allows to improve the 
precision of the shooting in ice hockey. The prototype consists in a smart hockey goal, 
capable of detecting the position in where the puck crosses the goal and measure its 
speed. All of this with a price below 1000 SEK. A typical ice hockey training goal consists 
in a common goal completely covered except in five areas, the four corners and the area 
between the goalkeeper’s legs. A hole of 30x30cm has been used in order to perform the 
tests representing each of those uncovered areas in the training goal.  
  

  
Figure 1: Design of the prototype  

  
  
  
The prototype consists in two squares as the represented in the Figure 1, separated 15       
centimeters, representing the front part of the goal and the back part and allowing to              
realize two different tests at the same time. The real prototype is the one displayed in the 
Figure 2.  



  
Figure 2: Prototype including every component in the detection phase  

  
The puck detection has been performed in the following way:  
  

● Ultrasonic: Using ultrasound sensors. Because these sensors are mainly used to 
calculate the distance to objects we will install it in the limits of the holes of the 
prototype calculating the distance to the opposite side of the hole. When the disk 
passes through the hole the ultrasonic sensors will detect a variation in their 
distance measurements thus detecting the disk.  

  
  
The puck speed measure has been performed in the following way:  
 



● Kinect: With the use of a Kinect camera, the software development kit (SDK  ) 
Kinect 2.0 and the library OpenCV. The goal will be captured in video and the disk 
will be detected so that it can be analyzed if it has crossed completely or not and 
at the speed it has.  

  
  

  
     



3. COMPONENTS   

3.1 ARDUINO BOARD 
  
After doing a research about the types of board that can be used for this project we finally 
chose the Arduino ones because they are easier to use compared to others such as 
Raspberry Pi. Using RaspberryPi we would have to upload the programs to a SDCard 
meanwhile with the Arduino board it is possible to connect a USB cable to the computer 
and that makes easier and faster to run programs and change codes [7]. We started doing 
the project with the ArduinoUno board because it is the cheapest one and the features 
were adequate for this project but then we realized that more inputs were needed so we 
decided also to use the ArduinoMega2560 due to its price and number of imputs.  
  
Arduino is defined as an open source, computer hardware and software company, user 
community that designs and manufactures microcontrollers for building digital devices      
and interactive objects [8].  
  
The main advantages of Arduino are the following ones [9]:  
  

 Easy connection to the computer.It already includes the 5V regulator, the serial        
communication interface so it can be defined as a ready to use structure. It is just 
needed to connect the usb cable to the computer as said before.  

 
 It includes a library of example codes in the Arduino software. This library includes 

a wide variety of examples.  
 

 Easy to use. The coding of this boards has to be done in its own language, which 
is also called Arduino, and it is known for its simplicity and intuitiveness. This  
language is based on the high-level processing language and C.  

  



Arduino Uno  

  
Figure 3: Arduino Uno Board  

  
This board [10] will be used to support the HB100 sensor and the detection phase with 
photoresistors but not with ultrasonic sensors due to its limited number of analog inputs. 
Arduino Uno was the first to hit the market.  
  
In the following table we can see the main characteristics [10].  
  

Microcontroller  ATmega328P  

Operating Voltage  5V  

Input Voltage (recommended)  7-12V  

Input Voltage (limit)  6-20V  

Digital I/O Pins  14 (of which 6 provide PWM output)  

Analog Input Pins  6  

DC Current per I/O Pin  20 mA  



DC Current for 3.3V Pin  50 mA  

Flash Memory  
32 KB of which 0.5 KB used by bootloader  

SRAM  2 KB  

EEPROM  1 KB  

Clock Speed  16 MHz  

  
The Arduino Uno is programmed with the Arduino Software. The ATmega328 on the         
Arduino Uno comes preprogrammed with a bootloader that allows the upload of new          
code to it without the use of an external hardware programmer. [10].  
  
In terms of the power supplied to the board, the Arduino Uno board can be powered via 
the USB connection or with an external power supply such as AC-to-DC adapter or            
battery [10]. In this project we will power it via USB connection.  
  
The power pins are the following ones [10]:  

● Vin. The input voltage to the Arduino board if it uses an external power source. 
The voltage can be supplied through this pin, or if it is done via the power jack, 
access it through this pin.  

● 5V. This pin outputs 5V from the regulator located on the board. Supplying voltage 
to other boards via 5V or 3.3V pins bypasses the regulator, and can damage the 
board.  

● 3V3. A 3.3 volt supply generated by the regulator located on the board. Maximum 
current draw is 50 mA.  

● GND. Ground pin (0V).  
● IOREF. It provides the voltage reference with which the microcontroller operates.   

  
It is also important to mention that each of the 14 digital pins can be used as an input or 
output. For establishing that, we will use the following functions:  

-pinMode(): This function configures the specified pin to behave either as an input 
or an output.  
-digitalWrite(): This function sets the voltage of the pin to 5V or 3.3V if it was 
specified as high in the pinMode or to 0V if it was low.  
-digitalRead(): It reads the value of the specified digital pin, either high or low.  

 



3.4 ULTRASONIC SENSORS HC-SR04  
   

  
Figure 13: HC-SR04 ultrasonic sensors  

  
Ultrasonic sensors [18] will be used to detect the position of the disc and to recognize 
whether or not the goal line has crossed. These sensors shall be placed on the upper 
frame of the goal, separated by an equivalent distance to cover the whole goal. The idea 
with the ultrasonic sensors is similar than the laser emitters, but it is interesting to realize 
some tests with them because even when worse results are expected, it may be possible 
to detect the puck with them, and if they work with enough precision they have some 
advantages over the lasers and ldr.  
  
The ultrasonic waves are sound waves over 20 kHz, they cannot be detected by humans, 
but the sensors can both send and receive them. This waves travels at the speed of 
sound, which is around 340 m/s, and this should be enough to detect a fast object 
crossing the goal frame.  
  
The operation of these devices consists of the emission of these ultrasound waves and 
their subsequent reception when striking on a surface and returning to it. In this way, the               
delay time between said emission and reception is measured and with that time, the 
distance to which the object in which they have been struck can be calculated, so that for 
this project, if the distance is smaller than the 30 cm that has the high goal, means that 
an object has been detected entering it.  
  



The characteristics of these ultrasonic modules and their connection pins are detailed           
below.  
  

Characteristics    

Circuit dimensions  43 * 20 * 17 mm  

Voltage supply  5 Vcc  

Work frequency  40 KHz  

Max. range  4.5 m  

Min. range  1.7 cm  

Min. trigger duration  10 μs  

Echo duration  100-25000 μs  

Min. wait time  20 ms  

  
  

Connection pins  

VCC  

Trig (ultrasound trigger)  

Echo (ultrasound reception)  

GND  

  
Distance = {(time between Trig and Echo)*(soundspeed)}/2  
Soundspeed = 340 m/s  
  
The pins of these sensors will be connected in the following way:  

● VCC to the Arduino board 5V pin  
● GND to the Arduino board GND pin  
● Trig and Echo to two analog pins of the Arduino board  

  
  

 



3.6 KINECT CAMERA  

  
Figure 18: Kinect camera  

  
Originally, Kinect is a free videogame controller, developed by Microsoft for the console Xbox         
360 and for Windows versions newer than Windows 7 from 2011. Kinect works with a camera 
capable of recognizing gestures, objects and sounds and allows the user to interact with them,             
replacing the usual way of interaction. In our case, we will use the version 2.0 of Kinect (2013) 
and the OpenCV library, because the main objective of Kinect itself is body tracking over object 
tracking.  
  
The following table [22] shows Kinect’s key features and benefits   
  

Feature  Benefits  

Improved body tracking  
The enhanced fidelity of the depth camera, 
combined with improvements in the 
software, have led to a number of body 
tracking developments. The latest sensor    
tracks as many as six complete skeletons 
(compared to two with the original sensor), 
and 25 joints per person (compared to 20 
with the original sensor). The tracked 
positions are more anatomically correct 



 and stable and the range of tracking is 
broader.  

Depth sensing  
512 x 424  
30 Hz  
FOV: 70 x 60  
One mode: .5–4.5 meters  

With higher depth fidelity and a significantly 
improved noise floor, the sensor gives you 
improved 3D visualization, improved ability   
to see smaller objects and all objects more 
clearly, and improves the stability of body 
tracking.  

1080p color camera 30 
Hz (15 Hz in low light)  The color camera captures full, beautiful 

1080p video that can be displayed in the 
same resolution as the viewing screen, 
allowing for a broad range of powerful 
scenarios. In addition to improving video 
communications and video analytics 
applications, this provides a stable input on 
which to build high quality, interactive 
applications.  

New active infrared (IR) capabilities  
512 x 424  
30 Hz  

In addition to allowing the sensor to see in 
the dark, the new IR capabilities produce a   
lighting-independent view—and you can   
now use IR and color at the same time.  

Kinect  for  Xbox  One  sensor  
dimensions  
(length x width x height)  

9.8" x 2.6" x 2.63" (+/- 1/8")  
   
24.9 cm x 6.6 cm x 6.7 cm  
   
Length: The Kinect cable is approximately  
9.5 feet (2.9 m) long  
   
Weight: approximately 3.1 lbs (1.4 kg)  
   
Sensor FOV: 70 x 60  

A multi-array microphone  
Four microphones to capture sound, record     
audio, as well as find the location of the 
sound source and the direction of the audio 
wave.  



   
To use Kinect in a PC and develop solutions, the following Kinect adapter will be used.  

  
Figure 19: Kinect adapter  

  
Finally, the OpenCV (Open Source Computer Visio Library) library, which contains algorithms that 
can be used to track moving objects, will also be used.  
   
  

     
    

  



4. DEVELOPMENT  

4.2 Detection of puck position using ultrasonic sensors  
  
4.2.1 Design  
  
The main idea in this part is similar to the laser and ldr’s one, to detect the position with 
the HC-SR04 ultrasonic sensors implemented with the Arduino board [25], four sensors        
will be placed in the upper side of the 30cm side frame, trying to cover as much space as 
possible to detect the disk more easily. The following figure shows the circuit design.  
  

  
Figure 25: Schematic of the detection phase with ultrasound sensors  

  
Once everything is connected, measures of the distance between the ultrasonic sensors 
and the ground will be taken (which is a bit more than the 30cm of its side) and that 
measures will be compared to new measures taken in a loop over the time while the 
program is working. If a measure below the original is detected, it means that something 
has crossed the goal and a led will turn on.  



  
4.2.2 Implementation  
  
The next figure shows the code used to detect the position with the ultrasonic sensors. 
First we define the pins used in the arduino board, then some variables used in the 
program. In third place we set the pins as inputs or outputs depending on their functions 
and finally there is the code of the program itself. It first activates the ultrasonic sensors, 
then take measures of the distances and finally if any distance is less than 30 cm turns 
the led on.  

  



 



  
Figure 26: Code used in the detection phase with ultrasound sensors  

  
4.2.3 Results  
  
We can conclude that the use of ultrasonic sensors for our purpose is not optimal because 
the tests has detected correctly the puck with an accuracy of 60%. Unlike other methods 
of detection, ultrasonic sensors are not able to detect the puck regardless of how it 
crosses the goal, they work well if the puck crosses perpendicular to them, but they have 
a lower accuracy if it is not perpendicular.  

  

  
  



  
Figure 27: Results of the detection phase with ultrasound sensors  

  
As is shown in the Figure 24, the results of the distance when nothing is crossing the goal 
are around 30 cm for each measure. Then, when an object crosses the goal, one of the 
supersonic sensors detect a lower distance. In the figure we can appreciate how the 
sensor which has assigned the distance 4 get a value of 14 cm. When this happens, it 
means that the puck has crossed the goal.  

  

  



4.4 Detection of the velocity of the puck using Kinect technology  
  
4.4.1 Design  
  
A Kinect camera will be used, with its corresponding adapter for windows, the OpenCV      
libraries and Kinect SDK 2.0 to program, in C ++, a solution [28] that allows to recognize 
an object, in this case, a hockey puck, and to keep a constant track on it while it is in the 
camera sight. Once we can know the position of this object at each instant, we can 
calculate the velocity with the relation of the distance that travels and the time.  
  
4.4.2 Implementation  
  
The following figures shows the code used for the detection and the calculation of the 
speed with the camera. At the beginning some variables are declared for different 
values. Secondly there are the different methods used by the program, they are used for 
different tasks, such as create the taskbars, draw an item over the tracked object or 
track the object itself. Finally there is the main part of the program, where the capture 
starts and is analyzed and used by different methods of the program itself or methods 
from opencv libraries to convert the captured image to hsv values and for filter this new 
image and track the object.  
  



  



 



  
  



  



  
Figure 33: Code used for position detection and speed detection with Kinect  

  
4.4.3 Results  
  
Firstly we can observe in the following image how the program is able to work with the 
image captured by the camera, recognize the disk and keep track of its position.  



 
Figure 34: Real image with detection (top left), HSV image (top right) and filtered image 

(bottom) 
  
For the calculation of the speed, two values of the position of the disk in a separated 
interval (50 ms) are take. With the difference of the two values of the position the distance 
is calculated, and with that distance and the time of 50 ms, the speed.  



  
Figure 35: Speed detection results  

  

  

  



Figure 35 shows the measure of the speed of the pack moving in the camera sight during 
some time. The value of the distance, is the distance measured between two points (in 
pixels) separated 50 miliseconds, and the value of the speed in kmph is the speed 
calculated with that distance and time.  

  
     



5. Budget  

  

 
COMPONENT UNITS 

 
TOTAL PRICE (€) 

ArduinoUno board  1  22.29  

Ultrasonic sensor  4  2,55*4=10.2  

Kinect camera  1  97,94  

Kinect adapter  1  44.45  

Wires    3.52  

  
Contrachapado  40x 35cm  

  
14  

Resistors  7  0.20*7=1.40  

LEDs  1  0.40  

Protoboard  
  

1 9.99  

TOTAL    204.19=2041.9 SEK  
  
  
  



6. Conclusions 
  
Having repeatedly performed the tests described in each of the previous sections we can 
state that.  
  
For the detection phase:  
  

● Ultrasonic sensors have the advantage of having built-in emitter and receiver, so 
it is not necessary to place the receivers at the opposite end of the goal. This also 
makes simpler to implement them on a circuit.  

  
Their main disadvantage is that they are less accurate in detecting an object than            
laser or cameras because, if it does not cross perpendicular to the ultrasound 
waves, the reflection of these does not occur in the same direction and in many 
cases this results in a malfunction.  

  
For the phase of speed.  
  

● Kinect: With the system based on the Kinect camera we find the main advantage 
of the wide field of vision covered by this, and we get a continuous tracking of the 
puck while it is within its field.  

  
On the other hand we find the problem that is only detected based on the color of 
the object, if in the camera sight we find other black or dark objects, they can 
generate noise that prevents a correct detection of the hockey puck.  

  
With this it can be concluded that the main objectives of the project have been achieved 
since it has been possible to detect the position of the puck when crossing the goal line 
according to the method with more or less precision and in terms of speed, it also has 
been calculated.  
  
  
     



7. Future work  
 
For the future work with respect to this project, these are our proposals:  
  

● Apply the detection phase to the calculation of the speed, if the puck is detected at 
two different points and the distance between them is known, it is possible to 
calculate the time between both detections and calculate the speed using the 
relation: speed = space / time. In this case it would be recommended to use other 
type of sensors than the ultrasonic ones beacuse they have been proved not 
enough accurate. 

  
● Using the Kinect technology we find a main problem which is detecting the object 

only by its color. The way to solve this problem, would be using in addition to the 
color, the shape of the object. In this case we find a certain difficulty because it is 
not spherical, and because of that the puck does not always have the same shape 
in front of the camera, so the future work would be to find the solution to this 
problem and track the object also by its shape.  
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