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ABSTRACT

Although there has been increase in bicycle trarsp
Europe recently, there are some shortcomings ke bi
road design and usage. In our paper we wouldtbke
suggest a new bhicycle road design principle usthg¢D
tags, based on the real bicycle traffic. As a puesi
technological solution, we present a rather sirguhel
relatively cheap method for automated data cobhecti
from bicycles using RFID tags. The system coutw dde
used in optimization and allocation of bicycle pagk
areas. In addition to these, RFID tags can sendetect
stolen bicycles.
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1. INTRODUCTION

In spite of the increasing popularity of bicycle
transportation in Hungary, the design of the bieydads
has been very poor, and majority of the existinigebi
roads are in a bad condition. The authorities cléiat
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In order to detect which parts of the roads areus@d or
pose danger to traffic, an automated data colledtiom

the bicycles should be obtained. There are several
possible solutions for automated data collectioerdong
distances (max. 100 m) exist, such as using GP$ileno
phones or CCTV-s (Closed-circuit television) or
surveillance cameras. The GPS system is ratheneipe
and requires a technology which is beyond reachrof
avarage cyclist. The usage of mobile phones or
surveillance cameras can involve legal disputesRB&ID
(Radio Frequency ldentification) tags would previd
simple, safe , reliable and platform independehiteon

to bike traffic monitoring.

2. THE PROPOSED RFID SYSTEM

Although the price of the passive tags is very ltey
would require a very close contact with the readdrich
would be an unacceptable solution in real traffic
situations. Only the active tags can provide theqadte
speed, range and reliability of such systems. Eenc
system containing active tags shold be used fdfidra
monitoring. As an example, we propose a system lwhic
contains the leading technology of active RFID-tad¥'e
would like to mention that the brand name of tags
irrelevant. In our test experiment we used thentee

there has been a major breakthrough in bicycle roadsplutions’ ILRe (Intelligent Long Range technology

development, but the functionality and conditiontbé&
roads is still not satisfactory. The fundamentalgbem is
that there are roads which are officially labeles a
,.cycling roads” but in fact they are not used bers.
There is an unresolved dispute between the aud®rit
responsible for city planning and the cycling conmity
Some cyclists prefer to use city roads which asmpéd
for automobile traffic, ignoring traffic signals @n
zigzagging between jammed cars posing a dangealifor
parties involved in city traffic.

which is the next generation of long range RFIDdiRa
Frequency Identification) method providing wiredend
automated data collection over long distances.

2.1 HOW RFID WORKS

Data is transmitted via high frequency radio waves
between a tag and an interrogator. An RFID inteatog

is an electronic device that generates and recewwes
interrogation signal (a radio signal). These rasignals

are radiated or received by an antenna or antehatare
attached to the interrogator. Information storedhmtag

can be read and modified. Data can be exchanged ove
long distances, even in extreme environmental c¢omdi
such as dust, dirt, paint or oil.

The core element of the system is the active RBID(in
our test an ILR brand tag), which can communicatgd
amounts of data (up to 32 kBytes) at a rapid rdte o
transmission over distances reaching 100 metersa As
result of a highly sophisticated anti-collision déng



algorithm, the interrogator can record data sinmgtasly
from hundreds of these tags within seconds. Coiorect
of the interrogator to a host computer system esabl
global data accessibility via a variety of softear
platforms (Internet). RFID is widely used in protluc
inventory tracking and monitoring, biometric perabn
identification (e- passports), mobile payments,mgses,
smart cars, public transport tickets, etc.

2.3 COMPONENTS OF THE RFID SYSTEM
The system consists of 4 main components:

- Active tags (also called transponders) with
internal power supply, which are used to identify
goods or to store data and histories

- Interrogator (I-Card, I-PORT) and handheld
devices (mobile), which exchange information
with the tags and host computer systems

- Various antenna for

different applications

types/characteristics

Interrogator

An RFID interrogator (also called &RFID readej and
RFID antennas are two of the major hardware
components that make up an RFID system. Depending o
the specific application, interrogators and antsnaee
configured differently to optimize tag read rates.

RFID interrogators use different methods to comrate
with RFID tags depending on whether the RFID system
active or passive.

Passive and semi-passive tags passive backscattdp
communicate. The signal is generated by the injetay
and radiated through the antenna. Active
communication differs from passive methods in et
tag does not reflect the signal from the interrogat
Because an active tag has its own power source and
transmitter, the tag does not have to wait for the
interrogator to transmit a signal. This tag cardsiendata

or "beacon" at certain intervals as defined bysygem.

I-CARD Il UHF

tag

In our test we used the ldentec

- A central computer system as a basis for controlinterrogator, which is capable of detecting 2,08@stin
and monitoring
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1. figure:

General schema of an RFID system

2.3.1 Performance Parameters of

System

the Proposed

Elliptically Polarized Antenna

Because it is necessary to be able to read and avtdrge
number of tags which move at a great speed, amiaate
with a wide or a narrow characteristic is to bedis
depending on the scope of the monitoring. If théren
traffic flow is to be observed in a large junctian360°
antenna is required. However, if only a lane (blieyc
road) is observed, than a narrow-angle antenngtisal.
Since the polarization is elliptical, the directiohthe tag
relative to the antenna is irrelevant. Due to iteab size
and weight, this antenna is very easy to integrdtethe
system

the read zone simultaneously. The main technical
parameters are as
follows:

- Read/write range (adjustable) up to 100 m (300
ft) with Igtag

- Read/write range (adjustable) up to 6 m (20 ft)
with ID tag

- Read rate : ID only 100 tags/s

- Read rate : 128 bit data 35 tags/s

- Multiple tag handling up to 2,000 tags in the
read zone

Test RFID System

2. figure:

The interrogator of the RFID system at Technical Uniersity
parking lot

2.4. Read and Write Range

The capability of an RFID interrogator to communéca
successfully with a tag is heavily dependent on two
factors:



- The distance between the interrogator and the
tag

- The tag and the tag's dwell time

The tag's dwell time is the time a tag is in the
interrogator's RF field.

An RFID interrogator'sread range is the distance
between the interrogator and the RFID tag at wiieh
signals from the tag can be read properly.

Similarly, an RFID interrogator's write range iseth
maximum distance at which information within the RF
signal from the interrogator can be received cdlyesnd
stored within the memory of the tag's microchip.

More power is needed to write to a tag than to italls
a result, the tags need to be closer to the antEnnaite
than to read. The general rule is that the writggeais
50-70% of the read range of a particular interiogat
zone.

2.5. Active tags used in test:
Identec ID2 Active UHF Tag

A short-range (6 m), relatively cheap tag provides
error-free detection with the following parameters:

- Read/write range up to 6 meters
- Max. response time less than 10 ms (single tag)
- Data retention over 10 years without power

- Expected battery life over 6 Years @ 600 times
64 bit readings/day

- Write cycles 100,000 writes to a tag
- Memory size 64 bytes (56 byte user definable)

- ldentification code 48 bit fixed ID (one in one
trillion)

Identec 1Q32T Active UHF Tag:
A long-range (100 m tag) with an affordable price

IQ 32 active tag

3. figure:

1Q-32T (100m range) tag installed on test bike
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4. figure:
ID2 (6m range) tag on test bike

DESCRIPTION OF THE EXPERIMENTAL
TEST SITE AND CONDITION

provides error-free detection with the following The first step is to assemble interrogators atifipe

parameters

- Read/write range up to 100 meters
- Temperature monitoring

points of the test site in such a way that theyldide
optimally adjusted to the existing traffic condiis.
Ideally the points should be selected accordinghe

- Data retention >10 years without power following criteria:

- Expected battery life >6 Years @ 600 times
64 bit readings/day

- Write cycles 100,000 writes to a tag

- Memory size 32, 000 bytes (5791 byte user
definable)

- ldentification code 48 bit fixed ID (one in
one trillion)

The traffic must be maintained smoothly (i.e. the
readers cannot interfere with existing traffic)

Next, the appropriate tag-type (i.e. 1Q 32T or
ID2) should be selected. In case of using the
shorter range tag (ID2), the interrogators should
be placed closely enough such that they would
cover the neighborhood of the selected point

properly

One has to choose the appropriate antenna
characteristic according to the zonal observation.
If the whole traffic flow is to be monitored at
the checkpoint, the 360° antenna is required. On
the other hand, if only the bicycle road traffic is



monitored, then a narrow-angle, short-range The RFID tags enable to monitor other parametetb®f

antenna is appropriate.

4. ELEMENTARY OPERATIONS DURING
THE MONITORING PROCESS

SCANNING OF THE TAGS AND TAGS LABELLING
(READ/WRITE OPERATION)
Each tag should be initialized, i.e. equipped wiith
necessary information. The following figure shows
an example of such read and write operation.

5. figure: Labelling (Reading and writing) the tagsof the test
bikes

Having labeled the test bikes, the interrogators detect
the bikes equipped with the appropriate tags. Gwoaild
note that only those bikes can be detected by\biem,
which are properly equipped with the necessary tags
labels. The RFID tag can be hold different attrelut
Project registration ID, Vehicle ID, Visited Chedipt
ID.

Since the RFID tags are relatively cheap and careses
bicycle registration numbers (to detect stolen tiey),
the bike owners will be motivated to install thbikes
with appropriate RFID tags.

We propose that the city municipalities should juiev
adequate funds and public support (including a ton

campaign) for RFID tags, which could reduce bicycle

thefts and can assist safe cycling, as well.

6. figure: Scanning the test bikes’ tags

road (i.e. temperature of the pavement). They eanded
to detect ice on the road, which is essential éatucing
risks in cycling.

7. figure: Monitoring the state (temperature) of he tag

5. ANALYZING THE INFORMATION READ
FROM TAGS WITH GIS METHODS

The following figure shows a complex traffic siticat.
The upper line (Trackl) shows the cyclists usirmlitke
road, whereas the lower line (Track2) cyclists tise
street reserved for other traffic. The followingydie
shows how the monitored bicycle tracks registergd b
GPS receiver are superimposed on the Google Mdyes. T
traffic flow can be monitored at discrete checkp®in
(CP1, CP2 and CP3 on figure 9.) by RFID.

Ant 1
N Ant2
Track 1
Track 2
8. figure

Monitoring arrangement of the Checkpoint #2 (CP2).



The aim of this method to have a reliable and cheapb.

registration system of the bicycles which could
automatically generate data about the currentid¢radir
can show traffic trends. This monitoring system baip
the city planners to detect which parts of the soace

OPEN ITEMS

6.1. Privacy issues

As with every registration system, issues regarding
privacy are the greatest concern. The RFID tageigeca
system similar to the regular license plate numbers

misused. A bicycle road is misused, if the existing .5,g. Although it is possible to keep tack of every

cycling traffic does not coincide with the actuzke
roads.

individual bicycle path (i.e. by recording thedmbgator

Figure 8. shows the antenna arrangement ghgs where the bike has passed), the data harslimgd

Checkpoint2 (CP2). The Antenna-1 with 360 degreepq regulated by authorities for assurance of pyivac

sensitivity detects every bicycle (both on theetror on
the bike road) passing through within 100 metersgyea
The Antenna-2 with 90 degree sensitivity detecly tre
bikes running on the bike road. Hence, the thosgches
who misuse the bike road can be easily detectech as
difference of the two sets.

\ Checkpoints

9. figure: Checkpoint on the test road

The RFID readers can detect the frequencies ofittes.
For the points with the highest traffic, we suggest
further refinement of the monitoring.

10. figure : RFID Antenna Coverage and Morning Traffic
Situation at a Complex Junction Kalvin Square Budaest,
Hungary

6.2. Optimal allocation of checkpoints

The allocation of checkpoints should be planneéfcdly

in order to minimize costs. We think that the major
intersections of main roads, the neuralgic trasgments
should be equipped properly with readers. In roesigh
and allocation one can use formal methods (i.e.
algorithmic optimization) solely, but we believeath
public opinion should be taken into consideratias,
well. We are convinced, that only a system that
incorporates leading technology and public opintam
lead to optimal allocation and design of bicyclads.

7. SUMMARY
In our paper we proposed an RFID system which @n b
used for automated data collection from bicycleke T
equipment can serve for a bike registration sysienhis
capable for sending information to a database toitmo
the bicycle traffic and to show the bottleneckshef road
system. In addition to these it can be used toietite
bicycle thefts, as well.
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