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1.0 Introduction 
The project that I decided to create I titled an Automated Time-Keeping Sports System. 

The problem it solves is the accuracy and timeliness in sports such as sprint running and 

marathon running. From having watched sports, I have noticed that often times in order 

to announce the final results, referees need to double- and triple-check with additional 

utilities such as video-recording or secondary referees. In sports such as running, soccer, 

or car racing, I believe any delay partially kills the momentum and the excitement. 

Having gone through numerous tests and research, I concluded that the project‟s viability 

is high. Through further development it can become completely fail-proof and responsive 

and prove that is better than traditional stop-watch time-keeping. 

 

2.0 Functional Description 
of the product 

In this part, described are the minimum requirements the product should meet, 

as well as the precise specifications of the final product. 

 

2.1 Product requirements 

The product is required to: 

 Intercept a legitimate RFID tag in a timely manner. A legitimate tag is a tag the 

ID of which is previously stored in the microcontroller‟s memory. Any external, 

non-authorized interfering tags will not affect the operation of the system. 

 Store in memory the time (in the format of MINUTES:SECONDS:HUNDREDTHS) 

at which any legitimate tag is registered with the RFID reader. In real life, that 

would be the Finishing Time of each racer. 

 Have the ability to recall all stored finishing times from the microcontroller‟s 

memory after the race has come to an end. A race has come to an end when all 

legitimate RFID tags have been registered with the RFID reader. 

 Perform all its functions without the need of being interfaced with a computer 

station. The product will be a stand-alone system that will be ready for real-life 

implementation. 

 Be reset with the use of a push-button, in the case there is another race 

following the completed one. 
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2.2 Product Specifications 

The product‟s technical specifications are as listed in Table 1. 

 

Table 1. Product Technical Specifications 

Aspect of System Value Note 

RFID Reader Dimensions 
40 mm x 40 mm x 9 
mm 

This size is practical for implementing the 
module under the track surface 

RFID Reader maximum 
reading distance (nominal) 

16 cm 

This depends on two factors: the type of 
tags used and whether an external antenna 

is used. If the appropriate external antenna 
is designed, the read range can be 
increased. 

RFID operating frequency 125 kHz  

Maximum number of tags 
that can be distinguished 

Practically unlimited 
Changes need to be made to the 
microcontroller‟s software to register 
additional tags. 

Output format 
Back-lit built-in LCD 

display 

Display capacity: 2 rows x 16 

characters/row 

Resettable 
Yes, through push-
button 

 

Power input 5V dc, 500mA 
3.5 mm dc plug or powered USB Type B 
plug 
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3.0 Design and 
Implementation 

 

The product utilizes RFID technology to do the automated time-keeping process. I 

decided to utilize RFID as the currently existing systems provide very good data 

communication capabilities and very good response time. Any participant who carries a 

tag is automatically registered at the finish line as he comes in close proximity. The 

system is contactless so that participants do not need to come in physical contact with 

the RFID receiver. The system can be implemented on a commercial level if the 

guidelines in Chapter 5.0 Further Developments are followed. 

The design of the system is very simple. It is based around a model similar to star 

topology where each node reports to a centralized server. A 125 kHz RFID reader is 

mounted on the finish line. Each registered participant has a 125 kHz tag attached to 

them. The RFID reader is responsible for transmitting the information to the 

microcontroller. The microcontroller of choice is Atmega328 programmed via the Arduino 

Uno board. The RFID reader is connected serially to the board‟s Rx (receive) pin. The 

system incorporates two push-buttons for memory recall and reset operations. 

The system can be powered through a standard USB Type B port, or a 3.5 mm standard 

adapter jack providing 5V dc at minimum 500mA.  
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4.0 Theory of Operation 
 

The system revolves around RFID technology. The basics of RFID are the following:  

there is a reader that emits RF waves and „listens‟ to incoming signals. It is known that 

an RF wave can contain enough power to power up a small resonant circuit. The RFID 

transponder (or „tag‟) is a small circuit that is passive, that is, does not contain a power 

supply or a battery.  

The RFID tag can be as small as a penny, usually enclosed in plastic. It contains a 

resonant circuit that is capable of transmitting a HEX string if supplied enough RF power 

at its operating frequency. When a tag is physically introduced within the reading dis-

tance of an RFID reader, the tag receives the RF power, powers up its internal circuitry 

and sends back its HEX identifier. The reader then intercepts the HEX sequence and 

indicates that a tag has been detected. In order to not receive noise or interference from 

external devices, there is a known binary sequence for SOT (Start of Transmission) and 

EOT (End of Transmission) that the tag emits. The reader has the capability to output the  

HEX sequence in serial format to a microcontroller. In the case of this project, each 

sequence corresponds to a race participant. For example, sequence “00 1A B8 70 0E” 

corresponds to “Ben”. This mapping is done by the microcontroller. 

When the system is powered up, the microcontroller starts counting minutes, seconds 

and hundredths since its start-up. This is achieved through a built-in function that counts 

the number of milliseconds since start-up. I convert those to minutes, seconds and 

hundredth by use of division and remainder. For example, 100 seconds MODULUS 60 

results in 40 seconds; and INTEGER division of 100 by 60 yields 1. Therefore, our 

resulting time is 1 minute 40 seconds. I derived the simple method myself. 

The reader is „listening‟ for incoming tags, in real life which would be racers that cross the 

finish line. When a tag has crossed the line, its ID and finishing time is recorded in the 

microcontroller‟s RAM memory in the format of a set of arrays. Recalling the stored 

results is made possible with just one push-button, which cycles through all stored 

results. I use a tracking variable that memorizes the next result‟s order number which 

needs to be recalled. This variable also acts as a pointer for recalling the results from the 

array of results. 

Since the data is stored in RAM, upon powering off the device it is lost. For this purpose, 

the prototype needs to be constantly powered by the port or backed-up by battery. 
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5.0 Further Developments 
 

Overall, from the brainstorming process to the presentation date, the development of my 

project went as planned and within due dates. No functionality was omitted and all goals 

were met. 

There are a few things that could be further improved to make the project more flexible 

and suitable for a wider use. 

External antenna design. The RFID reader used has a rather limited read range of 

about 16 cm, however, this could be improved by implementing an external antenna 

connected to the already existing External Antenna (ANT) terminal. Also, to make the 

system more precise, more than one RFID reader could be connected to the micro-

controller unit. 

Extended output and data storage capabilities. The microcontroller used can easily 

output any information serially through its Tx (transmit) pin. It only requires a line of 

code after a major program events (such as a participant crossing the finish line) in order 

to output the information to another system, such as a personal computer. From there, a 

GUI application could be designed (for example, using Microsoft Visual Basic) which will 

monitor the computer‟s serial port and display the incoming results on-screen, with the 

ability to export the data to a file on a permanent storage device (perform File I/O). 

Improved tag reading capabilities. The RFID reader of my choice operates at a 

hobbyist-grade frequency of 125kHz, which is sufficient for a marathon race, but imposes 

some limitations. After trial and error (this piece of information is documented nowhere) I 

noticed that it is impossible to read two tags in very rapid succession. There needs to be 

a time gap between two successive reads, which from experience appears to be at least 

half second. RFID technology operating at higher frequencies, such as 13.56 MHz, allows 

for not only rapid successive, but simultaneous reading of multiple tags. That would be 

extremely critical for an application such as a sprint race, where participants can cross 

the finish line with a very small difference in time, for example 10ms (one hundredth of a 

second). 

If a successive version of this product is released, it could have commercial-grade 

capabilities and I can see a system of this kind being widely implemented for real life use 

within three to five years. 
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6.0 Appendix  

6.1 Appendix A. Electrical Schematics 
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6.2 Appendix B. Major Parts List 

 

Table 2. Major parts list 

Part 

# 
Model 

Reference 

designation 

Component 

description 
Supplier 

Cost/ 

Unit 
Qty Subtotal 

1 ID-20 RF1 
RFID reader 
(serial) 

Creatron Inc. 
http://creatroninc.com/ 

416-977-9258 

$39.95 1 $39.95 

2 
Arduino 
Uno 

MCU1 
Microcontroller 
(ATmega328) 

Refer to Part #1 $29.95 1 $29.95 

3 

n/a 

(chipset: 
HD44780) 

LCD1 

16x2 dot-

matrix LCD 
display 

ge-th2009 E-bay user 

http://myworld.ebay.ca/ge-
th2009/ 

$10.00 1 $10.00 

4 n/a 
RF2, RF3, 
RF4 

125 kHz 
15mm 
transponder 

tag 

Refer to Part #1 $4.95 3 $14.85 

5 n/a n/a Breadboard 

ge-th2009 E-bay user 

http://myworld.ebay.ca/ge-
th2009/ 

$3.99 1 $3.99 

Total (before tax):  $ 98.74 
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6.2 Appendix D. Contact Information 

 

Project developer: Lachezar ‘Larry’ Atanasov 

    Seneca College of Applied Arts and Technology 

e-mail:   la4o89@gmail.com 

Street address:  . . . 

   Toronto, ON, Canada 

   . . . 

Home phone:  . . . 

Mobile phone:  . . . 

 

 

6.2 Appendix E. Description of the 
                        Attached Disc 

 

You will find a compact disc (CD) attached to the inside of the back cover of this report. 

The CD includes the following items: 

 A digital edition of the Project Proposal in PDF format (requires Adobe Reader) 

 A digital edition of this Project Report in PDF format (requires Adobe Reader) 

 The latest version of Adobe Reader 

 Slides from the formal project presentation (in JPEG format) 

 Microcontroller source code (in TXT format) 

 Gantt chart (in both Microsoft Project 2010 format and PDF format) 

 Innovations ID-20 RFID reader specification sheet 

 A short video-demonstration of a working prototype (requires Windows Media Player) 
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