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Abstract: The plethora of payment options available to transit passengers provides variety but introduces 
customer-induced time lag. Such lag stems from passenger retrieval, storage, and use of the payment method, 
such as a card. The state of the art within Canada is PRESTO, a Near Field Communication solution with a 
signal range of 6 cm, which requires customer ‘tapping’ to accommodate. By developing a contactless payment 
system around long-range Ultra High Frequency RFID (UHF RFID) and Bluetooth 4.0 Low Energy (BLE) 
standards, the user is unencumbered with retrieving the card and scanning it. Such convenience and simplicity 
decorticate valuable seconds from each micropayment. Both technologies were explored from electrical, human 
factors, and financial perspectives. UHF RFID provided passive detection abilities with lackluster range and high 
costs. BLE technology cost substantially less and provided desired range; however, a powered solution leads to 
security and customer experience concerns.  

1. INTRODUCTION 
On average, Canadians spend forty-two 

minutes commuting to work every day using public 
transit. Conversely, it takes approximately twenty-
seven minutes to complete the same commute by 
car [1]. Much of that time can be attributed to the 
stops that busses and subways make to drop-off 
and pick-up passengers. The dwell time on 
average is as high as 9.2 seconds if the customer 
is paying with cash, and as low as 2.6 seconds if 
the customer is using a tap-and-go electronic card 
that is similar to PRESTO [2]. This dwell time 
assumes that the customer has their payment 
method ready to present to the cashier. Consider if 
the customer has reached the bus stop just as the 
bus makes its stop. The customer has to dig 
through their wallet, retrieve the cash, ticket, or 
card and pay for it. 

The idea explored during this project was to 
develop a contactless micropayment solution that 
would solely require a user to have a tag on them 
to make a payment. By walking within proximity of 
an antenna, the user would be authenticated and 
payment would be deducted appropriately. 

2. DESIGNED SOLUTIONS 
An initial solution based on UHF RFID was 

conceived to meet the requirements of passive 
tags and theoretical long range. Efforts were 
undertaken to find vendors and solutions that 
adhered to the standards set out by the 
International Telecommunication Union Radio 
communication Sector (ITU-R) and provided 
capabilities demanded by ourselves for interfacing 
with other microcontrollers such as those provided 
by Arduino. Eventually, a solution from hobbyist 
vendor LinkSprite was decided upon, with three 

key components comprising the solution. The first, 
a 8 dBi UHF Antenna, with a MMCX connection 
was procured to detect and identify tags within 
proximity. The second was a Cottonwood UHR 
RFID Signal Processor, which parses the analog 
input from the antenna and translates it into a 
digital reading into a computer or microcontroller. 
The third component is the UHF RFID tags 
themselves, which are passive and lightweight. 
Each tag has a unique 26-character identifier to 
associate a tag with a customer. Non-RFID 
components included an audio-visual feedback 
system consisting of a piezo buzzer and LEDs. A 
motion sensor was also utilized to address the 
case if a user walks through an authentication 
medium without a tag. An Arduino Mega 2560 
microcontroller was chosen to implement I/O logic 
and store a select number of tag identities for 
authentication. A system schematic depicting the 
interconnection of components is shown below in 
Figure1. 

 
Figure 1: UHF RFID System Diagram 

In tandem, an alternative solution was 
considered by harnessing Bluetooth 4.0 Low 
Energy powered Beacons. Beacons allow two 
Bluetooth 4.0 enabled devices to trigger events 
based on the recognition of each other. Within a 
transit scenario, this could mean the triggering of a 
payment for when the user walks through an 



authentication medium with their smartphone or a 
dedicated Beacon - a tag with an active Bluetooth 
4.0 circuit embedded within. Tags were procured 
from Radius Networks and Estimote, and an 
application was developed for Android 4.4 to test 
the range and identification characteristics of 
Beacon technology.  

3. TESTING 
Three key testing metrics were sought. First, 

the average range between tag and antenna in 
both uncovered and covered scenarios. Next, an 
exploration into the effects of layers of materials 
(i.e., layers of clothing and accessories) was 
found. Finally, the ability to differentiate different 
tags from each other was determined. Following 
ethical clearance, fifty individual test cases were 
sought from internal and external testing 
candidates. Four separate tests were conducted. 
They along with the results of each test are 
displayed in Figure 2. 

 
Figure 2: Signal Range Results 

It is evident that UHF RFID’s range for both 
uncovered and covered cases is extremely poor 
and definitely not worthy of a production 
environment, much less a test one. With an 
average range of approximately 2 inches for a 
covered tag, an expectation of the antenna 
detecting the tag in a thick pocket or a curled fist is 
unrealistic. Conversely, the findings from testing 
Bluetooth 4.0 LE were promising: even when 
covered, the beacons were able to easily be 
detected from at least three feet away on average, 
which is suitable within a production environment. 
The results also clearly indicate that there is an 
inverse relationship between the number of layers 
(besides air) between a tag and a paired antenna 
and the signal strength between the same. Using 
developed software for detecting tags within 
proximity, the unique identifier for each tag could 
be tracked, thereby fulfilling this requirement. 

The test results largely concluded that UHF 
RFID’s range hinders it from being a technology 

that can be used going forward without 
modifications, such as a higher gain antenna. 
Bluetooth 4.0 LE, however, can be considered for 
use in a production environment with human 
factors considerations taken into account. These 
considerations include an appropriate tradeoff 
between range and battery life, as well as building 
in feedback and a display into the beacon. 

4. CONCLUSIONS & RECOMMENDATIONS 
This research project aimed to investigate 

radio technologies currently available to provide a 
long-range, contactless payment experience to 
transit providers. The efforts undertaken explored 
two varying technologies, UHF RFID and Bluetooth 
4.0 LE and their effectiveness in catering to the 
needs of the micropayment industry. Such needs 
included strong signal range and penetration 
through layers of clothing and curled fists, unique 
identification of the tag, and finally the ability to 
provide appropriate feedback to the user as they 
attempt to authenticate themselves using the 
token. Due to the poor range achieved by the UHF 
RFID prototype and the lack of robust 
interconnection with the motion sensor and 
feedback system, investment and development for 
a more robust prototype should be explored. The 
revised prototype should have a higher gain 
antenna, which provides 16 dBi of gain for a cost 
of approximately $479. 

In the interim, however, there is a degree 
of confidence that Bluetooth 4.0 LE (Beacon) 
technology is mature enough to be deployed into a 
production environment, pending investigations 
into signal security and advanced battery life 
simulations and trials. Beacons and tags will also 
be explored in alternative form factors such as 
jewelry, for more appeal to the mass market. 
Smartphones, tablets, smart watches and other 
devices that are enabled with Bluetooth 4.0 may 
also act as beacons - a mobile application 
developed for iOS or Android will allow a 
smartphone to act as a beacon and therefore 
would not require additional hardware to be issued 
to the customer. 
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