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Abstract— Nowadays in Taekwondo combats the punctuation is 

still subjective because it is heavily dependent on judges of the 

match. There is in the market systems that allows the 

automatically detection of points in the chest protection but still 

there isn’t developed one product, accepted by the World 

Taekwondo Federation, that detects automatically points to the 

head gear. 

This work approaches this problem using inertial modules, 

microprocessors and wireless technologies for the 

communication on the head gear of the athletes. The objective of 

the algorithm in the microprocessor is to minimize the detection 

of false positives and false negatives. The work integrates several 

devices and modules of communication, for the communication 

between the sensorial modules, base station and computer.  

 

Keywords: Taekwondo, 802.15.4, Bluetooth, acelerómetro, 

RFID. 

I. Introduction 

In the Olympics of Athens in 2004, the international 

Olympic committee decided that there must be introduced 

one system to punctuate clearly and objectively. As such 

there were organized demonstrations of the electronic 

protectors. In the demonstrations three companies stand out: 

LaJust, Adidas and Daedo international. But none of the 

solutions presented was good enough to pass the minimum 

standards. There were just the electronic body protectors of 

LaJust and Adidas that pass the standard. Regarding the head 

none of them was able to present a valid solution.  

So the head solution has to not restrain the vision and the 

movement of the athlete and also be able to sense an impact 

from the shoulders up. 

II. STATE OF THE ART 

A. TkPulse[1.] 

This system is an example of the current wired systems in 

the market. This system is recognized by the World 

Taekwondo Federation. Basically it is constituted by two 

wired commands by the judge, in a total of 3-4 judges. They 

are connected to a box that sends the result to the computer 

and them shows it in a monitor to the public. 

B. Adidas [2.] 

This system is an example of the wireless system created 

after the decision made by the Olympic Committee. It has 

one wireless command for each judge and it has an electronic 

body protector, based in pressure sensors. Each command 

and body protector communicates with the computer using 

the Bluetooth protocol. 

C. LaJust [3.] 

This system is also wireless, but it is different from Adidas 

because it uses a different approach to the problem. Instead of 

just using pressure sensors it also uses contact sensors. By 

putting a different material in the gloves and protective socks, 

it can determine if it was a hand or foot technique that 

produced the point. Regardless the head is still not fully 

covered. 

D. RFID 

RFID is a technology that is constituted typically by three 

main elements, the reader, transmission antenna and tag. The 

reader and the antenna are responsible for querying the tags 

nearby to identify themselves and transmitting data if there is 

any. The tags are passive, not consuming energy. In this work 

they are appointed as a proximity sensor and a 

complementary solution. 

 

III. SYSTEM ARCHITECTURE  

 

The proposed solution presented in this work is constituted 

by two modules. The module of the base station, which 

receives the data and them, transmits to the computer by 

Bluetooth or USB and the module of the protective head gear, 

which as an accelerometer to sense the impacts process by an 

algorithm to determine if it is valid and them transmits to the 

base station module. In Figure 1it is showed how the modules 

communicate and offers a better understanding of the system. 
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Figure 1: System Architecture. 

A. Base Station module 

This module is constituted by the microcontroller, the radio 

in 802.15.4, the Bluetooth radio and a Serie-USB converter. 

This module does not need to be very resistant because it will 

not be in the combat zone, its main function is only to 

constantly listen to data send by the head gear module and 

them transmit, the received information to the computer by 

Bluetooth or USB. The microcontroller, 802.15.4 radio and 

the USB converter have been designed in the MoteIST++ 

thesis [7.] The rest of the hardware was constructed to 

connect in the expansion slot of the MoteIST++. In Figure 2 

there is a diagram of how the components communicate with 

the microcontroller.  
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Figure 2: Base Station Architecture. 

B. Head gear module 

This module has the same microcontroller and 802.15.4 radio 

of the base station module. The only difference is the RFID 

reader and the accelerometer. As said before this is the 

module that will have the algorithm that validates the impacts 

as valid points. Them after deciding that it was a valid impact 

it transmits the score to the base station. In Figure 3 it is a 

diagram of how the components communicate with the 

microcontroller. 
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Figure 3: Head Gear Architecture. 

IV. SOFTWARE IMPLEMENTATION AND RESULTS 

 

To develop the algorithm it was used a kit from Sunspot 

[4.] . This kit contains a module with and accelerometer and a 

radio with 802.15.4 and a base station, also with an 802.15.4 

radio. The base station communicates with the computer thru 

USB. This accelerometer has 3 axes and a sensibility of ±8g. 

It can be seen in Figure 4 and example of the data read from 

the accelerometer. 

 

 
Figure 4: Graphic with the 3 axes and the module of the 

acceleration. 

 
After doing a various number of tests and experiments it 

was concluded that natural body movements produce low 

accelerations and an impact a high acceleration in a short 

space of time. With this in mind it was develop an algorithm 

that recognize this characteristic of the impact and it validates 

as a point. In Figure 5 it is possible to see other characteristic 

of a valid impact. When there is an impact to the head gear, 

the force is distributed by the three axes. It is possible to 

assume that if the force doesn’t pass a limit in at least two 

axes it is not considered a valid point.  

 

Figure 5: Valid impact in the three axes at the same instant. 
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On Figure 6 it is the algorithm develop to find the 

characteristic of the impact. There are two limits that can be 

arranged as to adequate the various weight classes and the 

athlete gender. 
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Figure 6: Algorithm diagram. 

 

There was also made a function to auto calibrate the axes in 

the beginning, therefore reducing the effects of the gravity in 

the calculation.  

After assembling the hardware and software develop with 

MoteIST++. It was done a series of tests. In the tests it was 

observed that the base station and the head gear module can 

communicate in a range of 10 meters, without losses, 

covering all the combat area of 8x8meters. The accelerometer 

is read every 10ms, giving 100 points per second, which is 

enough to the proper functioning of the algorithm.  

 

V. CONCLUSIONS 

This work is an advance in the technology of the systems to 

automatically detect and punctuates impacts to the head gear. 

The approach of the accelerometer and the wireless 

technologies as the 802.15.4 and the Bluetooth doesn’t 

restricts the athlete and it adds the possibility to cooperate 

with the others wireless systems as the electronic body 

protector, which uses Bluetooth to communicate. 

We concluded that this system allied to the current wireless 

systems, can make the 4 judges obsolete.  

In future work it can be studied a different solution for the 

proximity sensor of the head gear, to substitute the RFID 

system. It would also be interesting to place another inertial 

sensor in the head gear module. 
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