ELECTRONICSAND ELECTRICAL ENGINEERING

I SSN 1392 — 1215

2008. No. 8(88)

ELEKTRONIKA IR ELEKTROTECHNIKA

HIGH FREQUENCY TECHNOLOGY, MICROWAVES

T191

AUKSTUJU DAZNI U TECHNOLOGIJA, MIKROBANGOS

Speed Measurement of a Moving Object by using a RFID Location

System and Active Transponders

E. Coca, V. Popa, V. G. Gaitan, C. O. Turcu, Cr. Turcu

Department of Computers and Automations, Faculty of Electrical Engineering and Computer Science,

Sefan cel Mare University of Suceava, 13, Universitatii Sreet, Romania, phone: +40-230-522-978 ext. 273

e-mail: eugen.coca@usv.ro, valentin.popa@usv.ro, vasile.gaitan@usv.ro, cornel.turcu@usv.ro, cristina.turcu@usv.ro

Introduction

RFID systems are dtill developing, despite the
problems and discussions generated by privacy issues.
Many commercialy available systems using passive or
active transponders provide only information regarding the
identity (ID), memory content and in very few cases, the
position of the transponders relative to a fixed point,
usualy the main antenna system. Very few progresses
were made in the direction of using these systems for real-
time speed measurements. One system delivering accurate
positioning information for active transpondersisthe RFID
Radar from Trolley Scan [1]. We have developed a
software program to compute the speed based on the
location information provided by the reader and have made
various performance tests using a RFID Radar.

RFID Radar location system description

The location system we used to perform the speed
measurement tests is a mixed one, based on ToA - Time of
Arrival and AoA - Angle of Arrival methods [2]. It uses a
system based on one emitting antenna and two receiving
ones. The working principle, mainly based on a tag-talks-
first protocol [3] is as follows: when a transponder enters
the area covered by the emitting antenna, it will send itsID
and memory content. The signal transmitted by the
transponder is received by two receiving antennas. Based
on the time difference between the two signals and the
range data, it computes the angle and the distance
information.

We used for our tests active long-range transponders
of Claymore type [4]. The system uses a central frequency
of 870.00 MHz with a bandwidth of 10 kHz chosen outside
the GSM 900 bands used in Europe (880.0 MHz - 915.0
MHz / 925.0 MHz - 960.0 MHz).

Calculating the speed using distance and angle
infor mation

In order to calculate the speed of the moving
transponder we need to know the distances and the angles
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for two consecutive points P; and P,. Our system provides
distance and angle information for transponders in range.
We assume the movement between these points is linear,
which is a reasonable assumption for small distances.

The equipment computes the distance between the
reference point "0" (located in the middle of the antenna
system) and the transponder, as well as the angle between
the reference axis and the line connecting "0" to the
transponder. Let us consider that the moving object is
located at points P; and, respectively, P, a two
consecutive readings. Since the RFID radar provides the
values of dy, d, a; and a,, one can determine the distance
between the two points asit follows.

Fig. 1. Caculating the speed from two distances and two angles
of two consecutive positions

By taking into account the diagram presented in
Fig. 1, one can derive the following expressions:
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where: a =a,—oay, d=d, +X,.
By replacing the values of the known variablesin the
equations, we obtain:
X9 Zd—dz Zdl.COS(Z—dz (3)
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We may now calculate the value of the distance
between the two points as:

Xl = dl.Sina .
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For the variables in these equations, we have the
values determined at two time moments t; and t,, SO
computing the speed of the object having attached the tag
isobvious:
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Softwar e diagram of the speed computing program

The program was developed on a platform running
Windows XP as an operating system. We used Power
Basic for writing and compiling the program, with very
good results regarding the processing speed. Data was
exchanged with the RFID system by using the RS232C
serial interface. Results where delivered in a text box and
were written in atext file on the local disk.

Cdlibrations and
system initialization

<
«

\ 4

Get new transponder
ID and position
information
dl! o1 and tl

»
L

A 4
Wait for same ID next
transponder position
information
d2, O and t2

v

Compute and display
the distance x

v

Compute and display
the speed v

v

Exchange old and new
position information
dl! aq and tl
with
d2, ap and t2

v

Current ID
No out or range 7

Y&{

Fig. 2. Software diagram to calcul ate the transponder speed

Fig. 2 presents the software diagram for calculating
the speed. The process begins with a system initialization
procedure, followed by a calibration routine. After these
operations, we wait for a transponder to come in the active
range of the antennas. When the transponder enters the
range, we get the current information, such as the unique
ID, the location and time information. We do not need, and
consequently, do not process any information stored in the
transponder internal memory. After a delay of about 100
ms, the program enters a routine expecting the next
reading. When receiving the same ID, the program gets the
new values for location and time information, and then, it
computes and displays the distance traveled by the
transponder, and its speed.

When the current transponder ID is out of range, the
program will acquire a new unique ID to calculate the new
speed. If another transponder comes into the active range
of the reader while the software is acquiring the speed for
one transponder, the last one will not be read.

M easur ements

The diagrams shown bellow are obtained from the
signal transmitted between the receiving antennas
preprocessor (and demodulation block) and the digital
processing board located inside the reader. The board is
made using a Microchip Explorer 16 development board.
We used for measurements a LeCroy 104Xi scope and
1/10 passive probes.
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A typical signal received by the processing board,
when only one active transponder is in the active area of
the reader, is represented in Fig. 3. When multiple
transponders are located in the Radar range, the received
signal contains multiple data streams. See, for example,
Fig. 4, which presents the signal received in the presence
of four transponders. The information transmitted by the
reader system to the processing board inside the reader is
plotted in Fig. 5.
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The transmission duration for one transponder takes
approximately 2.66 milliseconds for 1024 bits. The ID hits
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from the first part of the transmission, the so-called header,
which is shown in the zoomed part at the bottom of Fig. 6.
The last part of the transmission contains the information
regarding the angle and time relative to the receiving
antennas.

Asone can seein Fig. 7, abit is transmitted every 26
microseconds.

Theoretical and practical limitations

Considering the distance between the two receiving
antennas of 31 cm (factory default), the system is able to
solve angles between -30 and +30 degrees. The time
spacing between two transponder transmissions is, as in
Fig. 2, about 333 milliseconds (three transmissions per
second). Assuming that a transponder is moving such that
the distance to the antenna system is constant, one can
calculate the maximum theoretical speed that may be
measured by using only the angle of arrival information.

We aso assume that we read two times the
transponder in the whole working range of 60 degrees, the
minimum information needed to compute the speed. If the
reader does not receive the second transmitted signal, due
to propagation issues, the speed can not be computed. The
software will initiate a new measurement sequence by
acquiring a new transponder ID. Table 1 presents a
summary of the maximum detected speed as a function of
the distance from the transponder to the antennas.

In practical cases, more than two transmissions will
be necessary in order to compute and have trusted
information regarding the speed. Moreover, by reducing
the angle between two transmission points, let us say the
system is not able to process the information in a timely
manner or the radio signal is disturbed/attenuated due to
propagation, the maximum measurable speed is much
lower.

Table 1. The theoretical maximum speed as a function of the
distance between the transponder and the antenna system

Distance to the

antenna system 10 20 30 40 50
(meters)

Distance traveled by

the transponder 58 11 17 23 28
(meters)

Speed (km/h) 62| 124| 187 249 311

For the tests we made in a laboratory-controlled
environment, with very low noise floor, we obtained the
results presented in Table 2.

Table 2. The maximum measured speed as afunction of the
distance between the transponder and the antenna system

Distance to the

antenna system 10 20 30 40 50
(meters)

Speed (km/h) 6 24 32 36| n/a

Due to propagation issues generated by multiple
reflections, we where not able to measure transponder
speeds for distances over 40 meters.
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Many commercial RFID available systems provide accurate information regarding the identity, memory content and, in afew cases,
the position of the transponders. Very few progresses were made in the direction of using these systems for rea-time speed
measurements. One system delivering accurate positioning information for transponders is the RFID Radar system from Trolley Scan.
For this system, we developed a software program to compute the speed from the location information provided by the reader and made
severa performance tests and measurements in various working conditions. The performances obtained for speed measurements are
satisfactory for a single transponder or a reduced number of transponders and small speeds, usualy bellow 40 knmvh. 1ll. 7, bibl. 6 (in
English; summaries in English, Russian and Lithuanian).
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snexTporexuunka — Kaynac: TexnoJorusi, 2008. — Ne 8(88). — C. 63—66.

Meuorue kommepueckue cuctembl RFID obecrieunBaroT TOuHyr0 HHGOPMALUIO HASHTHYHOCTH, COJACPIKAHUS IaMiITH U B
HECKOJBKUX CIydasx IOJIOKEHHE INPUEMOOTBETUYHKOB. [ TOIBKO OUYEHb HEMHOTO HCCIIEJOBAaHMI MPOBENEHO B HANpaBICHUU
UCIIONB30BAHMS 3TUX CHCTEM I U3MEPEHHs CKOPOCTH B pealbHOM BpeMeHH. OfHa W3 CHCTEM, MO3BOJISIONINX YCTAHOBUTH TOYHYIO
HHOOPMALMIO PACHIONIOKEHHUS IPHEMOOTBETYHKOB, — pajapHas cucremMa RFID kommanuu «Trolley Scan». s sToil cucteMsl Oblia
pa3paboTaHa Iporpamma Jisi BEIYHCICHUS CKOPOCTH 10 MH()OPMAIMH MECTOIIOJIOXKEHHS, MOITyYeHONH YUTAaTeIbHBIM yCTPOHCTBOM U
CHieNali HECKOJIBKO TECTOB M M3MepeHMi d((EeKTUBHOCTH B PA3INYHBIX YCIOBUSAX pabotsl. [lokazaTtenn 3¢ ¢GeKTHBHOCTH, MOIyIEHBI
IIpU M3MEPEHUHM CKOPOCTH, yIOBICTBOPUTEIBHBI, KOIJa HCIOJIb3YeTCS CIUHCTBCHHBIA NPUEMOOTBETYUK WM YMECHBUICHHOE YHCIO
[PUEMOOTBETYHKOB TIPH MAIIBIX CKOPOCTSIX, 0ObIYHO MeHee ueM 40 km/u. WM. 7, 6ubn. 6 (Ha aHrimiickom s3bike; pedeparsl Ha
JINTOBCKOM, aH[JIMHCKOM M PYCCKOM 513.).

E. Coca, V. Popa, V. G. Giitan, C. O. Turcu, Cr. Turcu. Judanéio objekto grei¢io matavimai naudojant RFID vietos nustatymo
sistema ir aktyviusretrandiatorius// Elektronikair elektrotechnika. — Kaunas: Technologija, 2008. — Nr. 8(88). — P. 63—-66.

Dauguma komerciniy RFID sistemy pateikia tikslia asmens ir kita atmintyje iraSyta informacija. Retesniais atvejais jie gali
retransliatoriams pateikti informacija apie objekto padéti. Kol kas Sios sistemos labai retai naudojamos matavimams atlikti realiu laiku.
Kompanijos , Trolley Scan“ sistema ,,RFID Radar* yra vienas gaminiy, galinéiu retrandliatoriams pateikti tikslia padéties informacija.
Siai sistemai sukurta programa, leidzianti apskaigiuoti objekto greitj pagal speciaiu skaitytuvu nuskaityta padéties informacija. Atlikti
keli sistemos bandymai esant jvairioms darbo salygoms. Gauti nasumo rezultatai tenkina keliamus reikalavimus, kai naudojamas vienas
retrandliatorius arba kai naudojam nedaug retrandliatoriy, o objektas juda nedideliu grei¢iu, paprasta mazesniu nei 40 knvh. 1. 7, bibl. 6
(angly kalba; santraukos angly, rusy ir lietuviy k.).
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