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Abstract 
 
Context Nowadays, the ice hockey is one of the main sports in Sweden and year by                
year the number of people that practice it is raising. For practicing the accuracy of the                
shot there are not a lot of devices in the market and the ones that already exist use                  
high definition cameras and complex sensors which makes them very expensive to the             
amateur practice of the sport. 
 
Objectives The main aim of this project is to build a prototype of a hockey goal able to                  
detect and measure the speed of the hockey puck when it goes into the goal. In this                 
paper, we present a solution for detecting and measuring phase using different sensors             
and a Kinect camera. For the position there have been used laser emitters with              
photoresistors and ultrasonic sensors, and for the speed detection there have been            
used a doppler sensor, HB100 and the Microsoft Kinect camera. The goal is to show               
that there are cheaper solutions than the ones used in the professional world. 
 
Method Using a Arduino board we will divide the project into two phases, the detection               
phase and the speed measure phase. 
 
In the first phase we will detect the puck using two methods and at the end we will                  
compare them to know which one is more appropriate to apply in order to have as                
much accuracy as possible. 
The first method will be using photoresistors and lasers so when the Arduino board              
detects a huge variation of the photoresistor it will mean that the puck has crossed the                
goal line and a LED will turn on.  
The second method will be using ultrasound sensors which detect the distance to and              
object. We will put the sensors on the top of the goal and the will measure the distance                  
to the floor, 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 second phase we will calculate the speed of the puck using two methods and we                 
will compare the results. 
The first method will be using the HB100 sensor which will be fixed on the top of the                  
goal. The sensor will print on the screen the speed values of the puck when it goes into                  
the goal. 



 

The second method will use a Kinect camera to detect the puck and calculate the speed                
detecting it in two different places and knowing the difference of time between them. 
  
Results We will do some test for each phase and method and finally we will calculate                
the accuracy of the method, compare the results and decide which is the best method               
for achieving the objectives. 
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1. INTRODUCTION 
 
1.1 Introduction 
 
Sweden is a country in which sport is a fundamental part of society due to the large                 
percentage of the population that practice it regularly. One of the main sports in the               
country is ice hockey [1] in which, despite its small number of inhabitants, about 9.8               
million inhabitants [2], it has been eight-time world champion and two-time olympic            
champion. This has made the number of followers and practitioners in this sport have              
grown and the facilities have been improved both professionally and amateur. 
 
The most part of these improvements are related to the use of technology in sport which                
is not new, since in many of them it has taken several years using devices that make                 
the work easier to the referees in controversial actions in which it is difficult make a                
decision. This is the case, for example, of tennis and its famous hawk-eye system which               
detects whether the ball has entered the field using high-precision cameras [3]. 
 
Ice hockey is not an exception as it also uses technology for example to improve the                
costumes of players making them much safer or to review repetitions of controversial             
plays and thus prevent referees from making a wrong decision. This project will try to               
apply the technology for the construction of an intelligent hockey goal capable of             
detecting both the moment the disc crosses the finish line and its speed at that moment. 

1.2 Motivation 
 
Technological development has made intelligent targets ideal for their use in training,            
which facilitate tasks such as calculating the speed of the disc when entering the goal.               
The main motivation of this project is the lack of intelligent ice hockey training goals of                
an affordable price (approximately 1000 sek) focused on an amateur practice of it. 

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 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. 
 

● Laser emitters: this type of components have been used in many occasions to             
detect the movement. Its functioning is similar to the one of the prototype built in               
this project, an emitter is placed pointing to a receiver which is connected to an               
alarm. When the receiver stops receiving the signal directly from the transmitter,            
it means that something is moving in the middle, which activates the alarm [4]. 

 
● 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]. 
 

● Magnetic fields: GoalRef is a technology based on a chip inside the ball and ten               
antennas located on the posts and the goal rail. A magnetic field is generated              
that covers the goal and when the ball, which includes three coils inside,             
completely crosses the goal line,it activates the antenna systems sending a           
notification to the referee [6]. 
 

 

  
  



 

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 ways: 
 

● Laser: Through the use of lasers aimed at variable photoresistor (LDR), which            
when the disk crosses the laser will detect a variation in the value of the               
resistance which means that it has scored goal in the hole where that variation              
was detected. 

 
● Ultrasound: 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 ways: 
 

● HB100 : Using the motion sensor HB100. The HB100 Doppler effect motion           
sensor module will be placed behind the goal and connected to arduino and at              
the moment in which the hockey puck crosses the goal we will obtain its speed               
calculated by the sensor. 

 
● 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 UNO / MEGA 
 
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. 

 
Arduino Mega 2560 
 



 

 
Figure 4: Arduino Mega board 

 
This board will be used to support the entire phase of detection of the disk, both by 
ultrasonic sensors and LDR resistors due to its greater number of pins both digital and 
analog and its higher speed[11]. 
 
The board has an Atmega2560 microprocessor. It has 54 digital pins (15 usable as              
PWM outputs), 16 analog and 4 UARTS. It also has a 16MHz oscillator. It will be                
powered by a USB cable that is connected to the computer[11]. 
 
Below there is a table with its main characteristics[11]. 
 

Microcontroller ATmega2560 

Operating Voltage 5V 

Input Voltage (recommended) 7-12V 

Input Voltage (limit) 6-20V 

Digital I/O Pins 54 (of which 15 provide PWM output) 

Analog Input Pins 16 

DC Current per I/O Pin 40 mA 

DC Current for 3.3V Pin 50 mA 

Flash Memory 256 KB of which 8 KB used by bootloader 

SRAM 8 KB 



 

EEPROM 4 KB 

Clock Speed 16 MHz 
 
The Arduino Mega board is programmed with the Arduino Software. The ATmega2560            
on the Arduino Mega is preprogrammed with a bootloader that allows the upload of new               
code to it without the use of an external hardware programmer. [11]. 
 
About the power supplied to the board, the Arduino Mega 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 [11]: 

● 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 54 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. 
 

The following image consists of the pin mapping of the ArduinoMega2560 board. 
 
 



 

 
Figure 5: Arduino Mega board pin mapping 

 

  



 

3.2 LASER EMITTER 
  

  
Figure 6: Laser emitter 

 
In order to detect the puck some components were needed to establish the value of the                
LDRs and, after doing a research about the ones that could be used, laser emitters               
were chosen due to its low price and high accuracy. 
 
A laser emitter is defined as a small handheld device composed by a power source and                
a laser diode which emits a narrow low-powered laser beam of visible light [12]. 
The beam of the lasers has a small width and low power and this makes it invisible in a                   
clean atmosphere, only showing a point of light when striking a surface. 
 

 
Figure 7: Laser emitter working. 

 
The main advantage of this device is the low price that it has but it also has some                  
disadvantages, one of them is that if it is aimed directly at a human's eyes, it can cause                  
temporary disturbances to vision.  
 

https://en.wikipedia.org/wiki/Laser_diode


 

The laser emitters [13] will be used to provide light to the photoresistors (LDR),              
changing their value to lower ones. Then, when an object (in this case, the puck),               
crosses the laser, this value will raise and it will be detected that it has crossed. 
 
The lasers have two wires, as shown in the image above, the red wire will be connected                 
to the positive connector of the power supply and the black wire will be connected to                
ground.  
 
For powering the lasers, an external voltage source provided by the teacher will be              
used, since the maximum voltage that can be supplied by the Arduino board is just five                
volts, which is insufficient to power the six lasers at the same time. 
 
Below, there is a table with the characteristics of the lasers, which include the voltage               
needed for its operation and the maximum intensity. 
 

Technical Details 

Weight 6.3g 

Diameter 10mm / 0.4’’ 

Length 31mm / 1.2’’ 

Wire length At least 100mm / 3.9’’ 

Wavelength 650nm 

Max current draw 25mA 

Voltage input 2.8 - 5.2 VDC 

Operating temperature -10º to 40º C 
 
 
 
 
  



 

3.3 LDR 

  
Figure 8: Photoresistors 

 
Photoresistors or LDRs will be used to capture the light from the lasers and will detect                
when the puck crosses the goal line increasing its value[14]. 
 

 
Figure 9: Typical value of a LDR depending on the light [15] 

 
A photoresistor (LDR) is defined as a light-controlled variable resistor. The value of the              
resistance of a photoresistor decreases when the incident light intensity increases [16]. 
A photoresistor is made of a high resistance semiconductor . In the dark, a photoresistor               
can have a very high resistance (megohms) , while in the light, a photoresistor can have                
a resistance as low as a few tens of ohms. 



 

 
Figure 10: LDR aimed by a laser [17] 

 
For the detection phase we chose this components because their price is by far lower               
than other components used for detection such as motion sensors. It is also easy to fix                
it into the prototype due to its small size and the accuracy is good enough for this                 
project. 
 
These resistors have two wires which will be connected one to ground and the other to                
the input pin of the Arduino board and to the resistor that precedes the 5V supply                
supplied by the same Arduino board. 
 
In the following picture, the dimensions of the LDR will be seen. 

 
FIgure 11: Dimensions of the photoresistors[14]. 

 
The operating temperature range of the LDRs is between -20 and 80 degrees. The              
maximum voltage supported by this component is 100V and its maximum power is             
90mW. The peak wavelength is 600nm. 
The hole description of the LDR used will be exposed in the following picture. 
 



 

 
FIgure 12: Characteristics of the photoresistor[14]. 

 

 

  



 

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 

 
 

 



 

 

  



 

3.5 MICROWAVE MOTION SENSOR MODULE (HB100) 

 

 
Figure 14: HB100 Sensor.  

 
This sensor [19] will be used to calculate the speed of the puck when entering the goal.                 
As it can be seen in the second image, the sensor is connected to an amplification                
board, so it is not necessary to amplify the signal because otherwise, the arduino board               
would not be able to read this signal [20]. Here we can see the components of this                 
amplification module [21]: 
 



 

 
Figure 15: Components of the amplification module 

 
The total module of the sensor consists in four pins: 
 

● Vcc: will be connected to the DC power supply being this 5V supplied by the               
Arduino board. 

 
● Gnd: will connect to the ground pin of the Arduino board. 

 
● Fout: digital output that indicates the speed of the target the sensor is picking up.               

This frequency shall be calculated by the following formula: 



 

 
Figure 16: Doppler formula used by the HB00 sensor 

 
● Vout: Analog output indicating the amount of the reflected signal received. This            

output will not be connected anywhere because to calculate the speed we need             
only the output Fout mentioned above. 

 
The characteristics of the sensor antennas are shown below (Electro Schematics,           
2015): 

 
Figure 17: Features of the HB100 radar antenna. 



 

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 
4.1 Detection of puck position using lasers and variable resistors 
with light 
4.1.1 Design 
 
The design will consist of a 30x30cm goal with a 5cm wooden frame on which both                
lasers and LDRs will be fixed. Finally six lasers attached to the goal will be installed                
with a plastic clamp and nails. As shown in the image, four lasers will be fixed                
horizontally and two on the squares of the goal crossing in the middle and covering the                
two diagonals. The horizontal lasers will be placed in intervals of 5cm centimeters. 
 
Each laser will point to a LDR resistor located on the opposite side of the goal. The                 
resistances will remain attached to the goal by means of tape due to its low weight. 
 

 
 



 

 
Figure 20: Schematic of the detection phase using just one LDR[23]. 

 
As shown in the picture, the LDR resistors will be connected with one wire to the ground                 
and the other one to the resistors and the analogue input of the Arduino board. This                
resistance will also be connected to the 5V voltage supplied by the Arduino board. 
 

 
Figure 21: Image showing the collocation of the lasers and LDRs. 

 
The voltage supply will be connected to a protoboard where a resistance of a low value                
but the sufficient one to limit the intensity of each of the lasers will be used (100ohm).                 
The external voltage supply used has a fixed output of 6V DC and another adjustable               
from 0 to 30V. Only the adjustable one will be used, establishing the voltage at 8V                
which will provide a lower intensity than the maximum of the lasers (being parallel the               
current that will travel to each laser will be 45/2 mA = 22.5mA) and will keep the six on. 



 

 
Figure 22: Detection phase with lasers and LDRs working.  

 
As seen in the image, the lasers will be connected in parallel.There will be in parallel                
two groups of three lasers in serial and, this way, they will have enough intensity to be                 
bright enough. 
 
4.1.2 Implementation 
 
In the next figure, there is the code used for detecting the puck with lasers and LDRs 
with the comments and explanations of the code [24]. 
 



 



 

 
Figure 23: Code used for the detection phase with lasers and LDRs. 

 
 
 

4.1.3 Results 
 
The test has consisted in throwing the puck repeatedly through the hole, both sides,              
through the center and corners, and observe if the prototype detects the puck by turning               
on the led diode and observing the values of the photoresists at that moment. 
 
About the results obtained with this method, we can say that the percentage of error is                
very small, less than 5%, because the LDR resistors are able to detect quite quickly a                
change of light. The error rate could be further reduced if more LDR and horizontal               
lasers were used, but the resources of the Arduino board used would also be higher. 



 

 
The main disadvantage of this method is the great wiring that is required since you have                
to connect all the lasers to a protoboard board for the power supply and all the LDR                 
resistors to the corresponding pin on the Arduino board. 
 
Below, we can see the results obtained in the tests performed. 
 

 

 



 

 
 

Figure 24: Results obtained showing the values in each moments of the LDRs 
 

As we can see in the graph of the results obtained, the values of the LDRs were over 
200 ohm four times, so we have detected the puck with the LDRA1 in the third loop and 
with the LDRA4 in the fourth, fifth and sixth loop. 
  

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 laser               
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. 

4.3 Detection of puck speed using the HB100 module 
 
4.3.1 Design 
 
The HB100 sensor will be used to calculate the speed of the puck at the entrance of the                  
goal by placing it at the top of the frame because, as we have seen in the explanation of                   
the HB100, its precision decreases a lot as the puck does not approach perpendicular              
to the sensor. 
 



 

 
Figure 28:HB100 sensor connected to the Arduino Uno board  

 
As mentioned in the description of the sensor, the wire V0 will not be connected, Vcc                
will be connected to the power supply pin of the Arduino board, GRD will be connected                
to the ground pin of the board and the Fout wire will be connected to the digital input 8                   
due to the used library which will be explained next. 
 
 
 
 
 
 
 
 
 



 

 
Figure 29: FreqMeasure library connection pins. 

 
Below there is a description of the functions used in the FreqMeasure library [26]. 
 

FreqMeasure.begin(); Begin frequency measurement 

FreqMeasure.available(); Returns the number of measurements 
available to read or 0 (false) if none are 
unread. If your program spends time on 
other tasks and a relatively fast waveform 
is being measured several readings may 
be available. 

FreqMeasure.read(); Read a measurement. An unsigned long 
(32bits) contanining the number of CPU 
clock cycles that elapsed during one 
cycle of the waveform. Each 
measurement begins immediately after 
the prior one without any delay, so 
several measurements may be averaged 
together for better resolution. 

FreqMeasure.countToFrequency(count); Convert the 32 bit unsigned long 
numbers from read() to actual frequency 

FreqMeasure.end; Stop frequency measurement 
PWM(analogWrite) functionality may be 
used again. 

 
 
 



 

Figure 30: Functions of the FreqMeasure library 
 

4.3.2 Implementation 
 
In the next figure, the code used for measuring the speed of the puck with the HB100 
module can be seen with the comments and explanations of the code [27]. 

 
Figure 31: Code used for the speed phase with the HB100 sensor. 

 
4.3.3 Results 
 
The tests have been based on bringing the puck repeatedly to the sensor manually to               
avoid errors caused by the variation in sensitivity due to the elevation of the sensor to                
the puck. 
 
We have observed that this sensor is not very accurate because it detects correctly that               
an object is approaching but the calculated speed is usually less than the real value of                
the object. It also detects correctly the speed of the object on a scale of 1 to 8 by                   
printing the values of the speed more frequently as it is faster. 
The results obtained after the tests are in the next figure. 



 

 
Test 1 

 

 



 

 
Test 2 

 



 

 
 

Figure 32: Results of the speed phase with the sensor HB100. 
 

As we can see, in the first test we have tried to firstly to raise the speed constantly and 
then we have found out that it detects the abrupt changes of speed. In the second test 
the purpose was to raise the speed of the puck and make the sensor work with faster 
speeds. 

 
 

 

  



 

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 UNI

TS 
TOTAL PRICE (€) 

ArduinoUno board 1 22.29 

ArduinoMega board 1 34.98 

Lasers 6 5,80*6=34.8 

LDR 6 2.75 

Ultrasonic sensor 4 2,55*4=10.2 

HB100 1 28,20 

Kinect camera 1 97,94 

Kinect adapter 1 44.45 

Wires  3.52 

 
Contrachapado 

40x
35c
m 

 
14 

Resistors 7 0.20*7=1.40 

LEDs 2 0.40*2=0.80 

Protoboard 
 

2 9.99*2=19.98 

TOTAL  315.31=3153.1SEK 

 
 



 

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

● The detection with lasers and LDRs has a very high effectiveness, about 95%             
since the LDR calculates instantaneously the amount of light received and no            
matter how fast the puck the variation is detected. 
 
The disadvantage is the need to use external voltage supply since with the 5 V               
supplied by the Arduino plates it is impossible to properly feed the six lasers              
used. Other drawbacks are the large wiring needed to connect all the resistors             
and lasers and the fact that the lasers have to be at all times pointing to the                 
center of the resistors. 

 
● 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              
lasers 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. 
 

● Radar HB100: As an advantage it should be noted how simple it is the              
connection of this sensor to the Arduino board as it does not require a large               
wiring and the small size of the sensor makes it easy to place it in the desired                 
place. 

 
The main drawback is the poor accuracy of this speed sensor in small objects,              
such as the hockey disc, and the fact that its sensitivity is greatly affected by the                
angle of incidence of the puck because if it does not perpendicular To the sensor               
the accuracy will be much lower. 

 



 

● 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 is not recommended to use 
ultrasonic sensors since detect the point where the puck crossed the goal it is 
more complicated than with lasers. 

 
● 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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