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DESCRIPTION

CONTACTLESS READER/WRITER

Field of the Invention

The present invention relates to a contactless
reader/writer for communicating with contactless type
information.sﬁorage carriers such as RF (radio frequency) tags

and RF cards.

Background Information

In the communication of a contactless reader/writer with
RF tags and RF cards serving as contactless type information
storage carriers, the communication environment can vary
depending on the situation. Such communication environment
includes the positions, the speeds, and the number of the
contactless type information storage carriers, as well.as the
arrangement of obstacles in the surroundings. Thus, ideal
communication quality is achieved when the entire'system of
the contactless reader/writer such as the parameters of a
transmission and reception section in the contactless
feader/writer, the communication procedure, and the area of
communication is optimized in real time depending on the
communication environment.

As a first step for realizing this, real-time recognition
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of the detailed communicatipn environment is needed that
includes thepositions, the speeds, andthenumberof contactless
' typé information storage carriers as well as the arrangement
of obstacles in the surroundings.

In the related art, a contactless reader/writer such as
onedisclosedin JP-T-2002-525640 (theterm"JP-T" as usedherein
means a published Japanesé translation of a PCT patent
application) is known that can detect the distance between a
contactless type infofmation storage carrier and the
contactless reader/writer.

FIG. 20isaconfigurationdiagramofa generél contactless
reader/writer according to therelatedart. InFIG. 20, numeral
81 indicates an RF tag serving as an example of a contactless
type information storage carrier. Numeral 82 indicates a
contactless reader/writer for performing wireless
communication with the RF tag 81. Numeral 83 indicates a CPU
(Central Processing Unit) for performing the output of
transmission data, the processing of received data, and the
like. Numeral 84 indicates a transmission section for
processing the .transmission data inputted from the CPU 83 and
thereby outputting the data as a radio wave. Numeral 85
:'Lndicates a reception section for processing a radio wave
received through an antenna section 86 and thereby outputting
thereceiveddatatotheCPU83. Numeral 86indicatestheantenna

section for outputting as a radio wave the transmission signal
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inputted from the transmission section 84, and outputting the
radio wave received from the RF tag 81 to the reception section
-85 as a rec;ived signal.

This contactless reader/writer 82 has not employed a new
transmission and reception circuit for distance detection.
Thus, the distance to the RF tag 81 has been measured by a simple
method by the CPU 83 on the basis of a response time and a received
power from the contactless type information storage carrier
obtained in the communication with the contactless type
information storage carrier.

Nevertheless, such distance measurement ih the related
art contactless reader/writer has problems, for example, that
merely a poor resolution is achieved in the calculation based
on the response time from the contactless type information
storage carrier and that a secondary echo occurs. Further,
in the calculation based on the received power from -the
contactless type information storagecarrier, aproblemarises,
for example, that the received power does not necessarily
correspond to the distance because the received power varies
depending on a change in the orientation and the like of the
contactless type information storage carrier.

"Further, although the distance to the contactless type
information storage carrier is detectable, a detailed
communication environment such as the direction, the speed,

and the number, as well as the arrangement of obstacles in the
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surroundings cannot be recognized. Thus, no system has been
constructed that is optimized in real time depending on the

- communication environment.

Summary of the Invention

An object of the invention is to provide a coﬁtactless
reader/writer capable of detecting the positions, the speeds,
and the number of contactless type informationstorage carriers,
as well as the arrangement of obstacles in the surroundings.

In order to resolve the above-mentioned object, a
contactless reader/writer according to the invenfion comprises
a transmission section for transmitting a plurality of
transmission signals using carrier waves of different
frequencies; a reception section for receiving a plurality of
reply signals which are a response toapluralityof transmission
signals transmitted by the transmission section; a phase
calculation section for calculating phase data of the reply
signals on the basis of the reply signals; and a distance
calculation section for calculating a distance to, an object
having returned the reply signal, on the basis of the phase
data from th‘e phase calculation section.

A contactless reader/writer according to the invention
comprises a transmission section for transmitting a plurality
of transmission signals using carrier waves of different

frequencies; a reception section for receiving a plurality of
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reply signals which are a response to aplura;ity of transmission
signals transmitted by the transmission section; a phase
- calculation section for calculating phase data of the reply
signalsonthebasisof the reply signals; anda speed calculation
section for calculating a frequency component of baseband
signals on the basis of the baseband signals acquired from the
received signal, and thereby calculating a traveling speed of
an object having returned the reply signal on the basis of the
frequency component.

A contactless reader/writer according to the invention
comprises a transmission section for transmittiﬁg a piurality
of transmission signals using carrier waves of different
frequencies; a reception section for receiving a plurality of
reply signals which are a response toapluralityof transmission
signals transmitted by the transmission section; a phase
calculation section for calculating phase data of the reply
signals on the basis of the reply signals; and a distance
calculation section for calculating a distance to an object
having returned the reply signal, on the basis of‘the phase
data from the phase calculation section; wherein whether the
object is an RF tag or an obstacle is determined on the basis
o'f whether data is contained in the reply signal or not.

A contactless reader/writer according to the invention
comprises a transmission section for transmitting a plurality

of transmission signals using carrier waves of different
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frequencies; a reception section for receiving a;pluralify of
'replysignalswhicharearesponsetoapluralityoftransmission
- signals transmitted by the transmission, section; a phase
calculation section for calculating phase data of the reply
signalsonthebasisofthereplysignals;andaspeedcalculation
section for calculating a frequency component of baseband
signals on the basis of the baseband signals acquired from the
received signél, and thereby calculating a traveling speed of
an object having returned.the reply signal on the basis of the
frequency component; wherein whether the object is an RF tag
or an obstacle is determined on the basis of wﬁether data is
contained in the reply signal or not.

A contactless reader/writer according to the invention
comprises a transmission section for transmitting a plurality
of transmission signals using carrier waves of different
frequencies; a reception.seption for receiving a plurality of
replysignalswhicharearesponsetoapluralityoftransmission
signals transmitted by the transmission section; a phase
separation section for separating a phase componen? from each
of a pluralitf of the received signals; and a distance
calculation section for calculating a distance to an object
ﬂaving returned the reply signals, on the basis of the phase
components of a plurality of received signals separated by the
phase separation section.

A contactless reader/writer according to the invention
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comprises a transmission section for transmitting a plurality
of transmission signals using carrier waves of different
. frequencies; a reception section for receiving a plurality of
reply signals whichare a response toapluralityof transmission
signals transmitted by the transmission section; a phase
separation section for separating a phase component from each
of a plurality of the received signals; and a speed calculation
section for calculating a frequency component of baseband
signals on the basis of the baseband signals acquired from the
received signal, and thereby calculating a traveling speed of
an object having returned the reply signals, on‘the basis of
the frequency component.

A contactless reader/writer according to the invention
comprises a transmission section for transmitting a plurality
of transmission signals using carrier waves of different
frequencies; a reception section for receiving a plurality of
reply signalswhichare a response toapluralityof transmission
signals" transmitted by the transmission section; a phase
calculation section for calculating phase data of the reply
signals on the basis of the reply signals; a data extraction
sectionforreceivinganoutputofthephasecalculationsection;
énd.a distance célculation section for calculating a distance
to an object having returned the reply signal, on the basis
of the output data of the phase calculation section and a phase

detection signal outputted from the data extraction section.
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A contactless reader/writer according to the invention
comprises a transmission section for transmiktting a plurality
- of transmission sﬂignals using carrier waves of different
frequencies; a reception section for receiving a plurality of '
replysignalswhichare aresponse toapluralityof transmission
signals transmitted by the transmission section; a phase
calculation section for calculating phase data of the reply
signals on the basis of the reply signals; a data extraction
section for receivingan oﬁtput of thephasecalculationsection;
and a speed calculation section for calculating a frequency
component of baseband signals on the 5asis oflthe baseband
signals acquired from the received signal, and thereby
calculating a traveling speed of an object having returned the
reply signal on the basis of the frequency component.

A contactless reader/writer according to the invention
comprises a transmission section for transmitting = one
transmissionsignal inwhichacarrier frequéncy is continuously
changed as a function of time; a reception section for receiving
a reply signal which is a response to the transmiss‘ion signal
transmitted by the transmission section; and a distance
calculation section for calculating a frequency component of
]5aseband signals on the basis of the baseband signals acquired
from the received signal, then calculating a difference
frequency between a frequency of the transmission signal and

a frequency of the received signal on the basis of the frequency
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component, and therebycalculatingadistance toanobjecthaving
returned the reply signal on the basis of the difference
- frequency component.

A contactless reader/writer according to the invention
comprises a transmission section for traﬁsmitting one
transmissionsignalinwhichacafrierfrequencyiscontinuously
changed as a function of time; a reception section for receiving
a reply signal which is a response to the transmission signal
transmitted by the transmission section; and a speedcalculation
section for calculating a frequency component of baseband
signals on the basis of the baseband signals acqﬁired.from'the
received signal, then calculating a difference frequency
between a frequency of the transmission signal and a frequency
of the received signal on the basis of the frequency component, '
and thereby calculating a traveling speed of an object having
returﬁed the reply signal on the basis of the difference
frequency component. |

Asdescribedabove, acontactless reader/writeraccording
to the iﬁvention comprises a phase separation sec?ion and a
distance calcuiation section or a speed calculation section,

and thereby is capable of detecting the position and the speed

of an object.

Brief Description of the Drawings

FIG. 1 1s a block diagram showing the schematic
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configuration of a commﬁnication system for RF tags according
to Embodiﬁent 1 of the invention;

FIG.. 2 is a block diagram showing the schematic
configuration of a commuhication system for RF tags according
to Embodiment 2 of the invention;

FIG. 3 is a Dblock diagram showing the scbematic
configuration of a communication system for RF tags according
to Embodiment 3 of the invention;

FIG. 4 is a wave form diagram for explaining a beat
frequency according to Embodiment 4 of the invention;

FIG. ‘5 is a Dblock diagram showing the schematié
configuration of a communication system for RF tags according
to Embodiment 4 of the invention;

FIG. 6 is a diagram showing an example of an array antenna
according to Embodiment 5 of the invention;

FIG. 7 is a diagram showing an example of an array antenna
according to Embodiment 6 of the invention;

FIG. 8 is a diagram showing the schematic configuration
of a communication system for RF tags according to Embodiment
7 of the invenfion;

FIG. 9A is a diagram showing the relation between the
distance of an RE tag relative to a contactless reader/writer
and the received signal power from the RF tag according to
Fmbodiment 8 of the invention; FIG. 9B is a diagram showing

the relation between the distance of an RF tag relative to a
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contactless reader/writer and the gain of a transmission
amplifier according to Embodiment 8 of the invention; and FIG.
. 9C is a diagram showing the relation between the distance of
an RF tag relative to a contactless reader/writer and the
received signal power from the RF tag after optimization
according to Embodiment 8 of the invention;

FIG. 10A is a diagram showing the relation betweeh the
distance of an RF tag relative to a contactless reader/writer
and the received signal power from the RF tag according to
Embodiment 9 of the invention; FIG. 10B is a diagram showing
the relation between the distance of an RF tag.relative to a
contactless reader/writer and the gain of a transmission
amplifigr‘according'to'Embodiment 9 of the invention; and FIG.
10C is a diagram showing the relation between the distance of
an RF tag relative to a contactless reader/writer and the
received signal power from the RF tag after optimization
according to Embodiment 9 of the invention;

FIG. 11A is a diagram showing the relation between the
distance of an RF tag relative to a contactless rea§er/writer
and the receivéd signa; power from the RF tag according to
Embodimenthof%heinvention;andFIG.11Biszadiagrmnshowing
fhe relation between the distance of an RF tag relative to a
contactless reader/writer and the received signal power from
the RF tag after optimization according to Embodiment 10 of

the invention;

11
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FIG. 12 is a diagram showing the bit error rate in
multiphase PSK according to Embodiment 11 of the invention.

FIG. 13 is a diagram showing an example of correspondence
between the RF tag speed and the modulation method according
to Embodiment 11 of the invention;

FIG. 14 is a diagram showing an example of correspondence
between the RF tag speed and the packet size according to
Embodiment 12 of the invention;

FIG. 15 is a diagrém.showing the PSK bit error rate and
a bit error rate obtained when error-correction code coding
is performed on the PSK according to Embodimenf 13;

FIG. 16 is a diagram showing the schematic configuration
of a communication system for RF tags according to Embodiments
14 through 20 of the invention;

FIG. 17>isziconfiguration.diagraﬂlshowing'the schematic
configuration of a communication system for RF tags according
to Embodiment 21 of the invention;

FIG. 18 is a diagram showing an example of display in
a display unit according to Embodiment 21 of the invention;

FIG. 19 ié a configuration diagram showing the schematic
configuration of a communication system for RF tags according
fo Embodiment 22 of the invention; and

FIG. 20 isaconfigurationdiagramof ageneral contactless

reader/writer according to the related art.

12
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Best Mode for Carrying Out the Invention

(Embodiment 1)

FIG. 1 is a diagram showing the schematic configuration
of a communication systemcomprisinganRFtaglandacontactless
reader/writer 3 for communicating with the RF tag 1. In FIG.
1, numeral 1 indicates the RF tag serving as an example of a
contactless type information storage carrier. Numeral 2
indicates an obstacle present around the RF tag 1. Although
only one obstacle is shown in FIG. 1, it represents all of the
objects except for the RF tag 1 serving as the communication
target. Numeral 3 indicates a contactless readér/writer for
performing wireless communication with the RF tag 1.

The configuration of the contactless reader/writer 3 is
described below.

Numeral 4 indicates a CPU for outputting transmission
data to be transmitted to the RF tag 1 and the like and processing
received data fromtheRF taglor the like, aswell as controlling
the operation of a transmission and reception section 5 as
described later. Numeral 5 indicates the transmission and
receptionsectionforprocessingthetransmissiondatainputted
from the CPU 4 and then outputting the data as a radio wave.
fhe transmission and reception section also processes a radio
wéve received from the RF tag 1 or the like, and then outputs
the received data to the CPU 4. Numeral 6 indicates a radar

section for calculating the distance and the speed of the RF

13
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tag 1 or the obstacle 2 on the basis of data outputted from
a phase separation section 22 provided in the transmission and
. reception section 5 as described later and on the basis of
" baseband signals outputted from a mixer 19 and a mixer 20. This
radar section outputs the result to the CPU 4. Incidentally,
the radar section 6 comprises a distance calculation section
23 for calculating the distance to the RF tag 1 or the obstacle
2; and a speéd calculation section 24 for calculating the
traveling speed of the RF tag 1 or the obstacle 2.

Next, the configurationof the transmission and reception
section 5 in the contactless reader/writer 3 1is deécribed below.

Numeral 7 indicates a coding section for coding the
transmission data inputted from the CPU 4 and then outputting
the data to a packeting section 8. Numeral 8 indicates the
packeting section for converting the coded data inputted from
the coding section 7 into a packet and then outputting the packet
to a modulation section"9. Numeral 9 indicates the modulation
section for modulating the packet data inputted from the
packeting section 8 and then outputting this modulation signal
to a transmission amplifier 10. This modulation section
comprises a mixer 17. Two of such mixers 17 may be provided
éo as to constitute a quadrature modulator.

Numeral 10 indicates the transmission amplifier for
amplifying the modulation signal inputted from the modulation

section 9 and then outputting the signalasa transmission signal

14
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to an antenna section 1l. Numeral 11 indicates the antenna
section for outputting the transmission signal inputted from
- the transmission amplifier 10, as a radio wave toward the RF
tag 1 or obstacle 5. The antenna section also outputs a radio
wave received from the RF tag 1 or the obstacle 2, as a received
signal to a receiving amplifier 12. Numeral 12 indicates the
receivingamplifierforamplifyingthereceivedsignalinputted
from the antenna section 11 and then outputting the signal to
a demodulation section- 13. Numeral 15 indicates the
demodulation section for performing orthogonal detection and
demodulatianontheIeceivedsignalinputtedfromfhereceiving
amplifierlZandthenoutputtingphasedatatx;adataextraction
secthn114andoutputtingeaphasechangecomponentandbaseband
signals to the radar section 6. This dembdulation section 13
comprises a phase shifter 18, mixers 19 and 20, a phase
calculation section 21, and a phase separation section 22.

Numeral 14 indicates the data extraction section for
removin@aipacket'header from the phase data inputted.fronlthe
demodulation section 13, theréby extracting dataa and then
outputting the data to a decoding section 15. Numeral 15
indicates the decoding section for decoding the data inputted
from the data extraction section 14 and then outputting as
received data the decoded data to the CPU 4.

Numeral 16 indicates an oscillator for outputting a

carrier signal of a frequency specified by the CPU 4, to the

15
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modulation section 9 and the demodulation section 13.

Next, the configuration of the modulation section 9 is
- described below in detail. The mixer 17 provided in the
modulation section 9 multiplies the packet data inputted from
the packeting section 8 and the carrier signal inputted from
the oscillator 16, thereby performs frequency conversion on
the packet data info the pass band, and then outputs the signal
to the transmission amplifier 10.

Next, the configuration of the demodulation section 13
is described below in detail. The phase shifter 18 performs
phase shift on the carrier signal inputted from the oscillator
16 by n/2 radian. The mixer 19 multiplies the received signal
inputted from the receiving amplifier 12 and the carrier signal
inputted from the oscillator 16, thereby performs frequency
conversion on the received signal into the baseband, and then
outputs the signal to the phase calculation section 21 and the
speed calculation section 24. The mixer 20 multiplies the
received signal inputted from the receiving amplifier 12 and -
the m/2-radian phase shifted carrier signal inputfe'd from the
phase shifter lé, thereby performs frequency conversion on the
received signal into the baseband, and then outputs the signal
t.o the phase calculation section 21 and the speed calculation
section 24. The phase calculation section 21 calculates the
phase of the baseband signals on the basis of the in-phase

component and the quadrature component of the baseband signals

16
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outputted from the mixer 19 and the mixer’ 20, and then outputs
the phase data to the data extraction section 14 and the phase
- separationsection22. Thephase separationsection22extracts
the phase change component from the phase data inputted from
the phase calculation section 21, and then outputs the signal
to the distance calculation section 23 in the radar section
6.

Next, the radar section 6 is described below in detail.
On the basis of the phase.change component outputted from the
phase separation section 22 in the transmission and reception
section 5, the distance calculation section 23 célculates the
distance froﬁ the contactless reader/writer 3 to the RF tag
1 or the obstacle 2. On the basis of the baseband signals
outputted from the mixer 19 and the mixer 20, the speed
calculation section 24 calculates the traveling speed of the
RF tag 1 or the obstacle 2.

The operatioh is described below for the communication
system for RF tags having the above-mentioned configuration.

In the contactless reader/writer 3, two tra}nsmission
signals using cérrier waves of mutually different frequencies
are outputted 4from the antenna section 11. These two
t‘ransmission signals are transmitted not simultaneously but
at different times. This isbecause if theRF tagl wouldreceive
apluralityof signals simultaneously, interference couldoccur

so that normal signals could not be returned to the contactless

17
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reader/writer 3.

The transmission data outputted from the CPU 4 for the
. transmission to the RF tag 1 is coded by the coding section
7. Then, the coded data is converted into a packet by the
packetingsectionEL andthenprocessaﬂbypassbandnwdulation
in.thelnodulation.section.9. When the amplitude of the signal
El is denoted by ASl, the phase by 51, and the carrier angular
frequency Qy ®»l, and when the amplitude of the signal E2 is
denotedbyASZ,thephasebySZ,andthecarrierangularfrequency
bymZ,thetwosignalsElandE2processedbypassbandmodulation
in the modulation section 9 are expressed DY (Eéuation.l) and
(Equation 2). The two signals are modulated with different
carrier angular frequencies. Further, the signal information
té be transmitted to the RF tag 1 is contained in AS1 and AS2
in the case of amplitude modulation, and in S1 and S2 in the
cases of phase modulation and frequency modulation, it is
contained.

[Equation 1] E1=,£lmmﬁmt+s0

[Equation 2] E, =4, cos(@,? + 5,)

These twé signals El and E2 are amplified by the
transmission amplifier 10, and then radiated from the antenna
éection 11. The signals radiated from the antenna section 11
are reflectedﬁby'theiRF'tag]_or the obstacle 2. The reflected
signals are received by the antenna section 11. Then, the

signals received by the antenna section 11 are amplified by

18
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the receiving amplifier 12.

Described below first is the case that the signals are
. reflected by the RF tag 1.

The round trip distance of the radio waves between the
contactless reader/writer 3 and the RF tag 1 is denoted by Z.
The Doppler angular frequency generated by the motion of the
RF tag 1 is denoted by @d. As for the two signals El and E2
modulated by the RF tag 1, the amplitude of the signal El is
denoted\by AS1', the phase by si', and the propagation constant
k1, the amplitude of the signal E2 is denoted by AS2', the phase
by S2', and the propagation constant by k2. Then; the received
signals reflected by the RF tag 1 are expressed by (Equation
3) and (Equation 4). The modulation method in the RF tag 1

is assumed to be phase modulation or frequency modulation.

! 4
[Equation 31 E =4, cos((a)lia)d)t—klz+sl)

! !
[Equation 41 E, =4, cos((a)zia)d)t—kzz+s2)

Here, when the values of the carrier angular frequencies
ol and w2 are véry close to each other, their Doppler angular
frequencies also become approximately equal. Thus, in
‘('Equation 3) and (Equation 4), the Doppler angular frequencies
are set tobewd. The received signals amplifiedbythe receliving

amplifier 12 are processed by orthogonal detection in the

demodulation section 13, and thereby frequency—converted into
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the base band. These obtained signals are expressed by
(Equation 5), (Equation 6), (Equation 7), and (Equation 8).
. Here, the in-phase component of El is denoted by ELI, the
quadrature component by £1Q, the in-phase component of E2 by

E2I, and the quadrature component by E2Q.

! !/

[Equation 51 E; =4, cos(ia)dt—klz+sl)
. ! . !

[Equation 61 Eg,=4, s1n(iwdt—k1z+s1)
! !

[Equation 71 Ey =4, cos(:ta)dt—kzz+s2j

! !
[Equation 8] E,y= 4, sin(i ot —kz+S, )

When the phase constant is denotedby o and the attenuation
coefficient by B, the propagation constant k is expressed by
(Equation 92).

[Equation 9] k=a-jB

The term of the attenuation coefficient is neglected here
for simplicity. Then, when the phase constant of the signal
El is denoted b.y al, and the phase constant of the signal E2
by a2, (Equation 5), (Equation 6), (Equation 7), and (Equation

8) are rewritten as follows.

1 !
[Equation 101 Ej =4, cos(icodt—alz+sl)

20
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! ’

[Equation 111 Epj =4, sin(icodt—alﬂ—sl)
4 N4

[Equation 121 E, =4, cos(iwdt—a2z+s2)

& ! !
[Equation 131 E,, =4, sin(:ta)dt—azz+s2)

The baseband signals (Equation 10), (Equation 11),
(Equation 12), and (Equation 13) are outputted to the phase
calculation section 21.. The phase calculation section 21
converts the baseband signals into polar coordinates, and
thereby calculates the phases. The phase data ei of the signal
Fl1 is expressed by (Equation 14), while the phase data 62 of

the signal E2 is expressed by (Equation 15).

[Equation 14] 0, =tagf—az+S5

!

[Equation 151 6, =@ —0Z+S,

As seen from (Equation 14) and (Equation 15), the Doppler
effect of the RF tag 1l and the radio wave propagation generate
phase change componeﬂts in the received signals as shown in
(Equation 16) and (Equation 17).

[Equation 16] 61' =t@,l -z

[Equation 17] 62'=icodt—azz

The phase calculation section 21 outputs the calculated
phase data to the data extraction section 14. The data
extraction section 14 extracts the signal components S1' and

g2' of the phase data from the phase data 01 and 62, then performs
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data extraction using these data pieces as the phase data
containing the identification information and the like of the
"RF tag 1, and then outputs the data to the decoding section
15. The decoding section 15 decodes the inputted data, and
then outputs the decoded data as the received data to the CPU
4.

The phase calculation section 21 outputs the calculated
phase data 61 and 62 to the phase separation section 22. The
data extraction section 14 outputs the signal components S1'
and S2' of the phase data to the phase separation section 22.
The phase separation section 22 subtracts the sigﬁal components
s1' and S2' of the phase data from the phase data g1 and 02,
thereby calculates the phase change components ©O1' and 82",
and then outputs the result to the distance calculation section
23 in the radar section 6.

The distance calculation section 23 calculates the
difference of the two inputted phases. The phase difference

is as shown in (Equation 18) .
14 14
[Equation 18] 6 —6, =—(a1—a2)Z '
Here, when the carrier angular frequency is denoted by

o and the speed of the radio wave by C, the phase constant is

expressed by (Equation 19).

[Equation 19] a=—(g
c

Thus, (Equation 18) is rewritten as shown in (Equation
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20) .
4 ’
[Equation 201 6, 6, =—(@,~@,)Z/c
Thus, the round trip distance 2 of the radio wave between
the contactless reader/writer 3 and the RF tag 1 becomes as

shown in (Equation 21).

’ !

61 "92
@Dy ~ Dy

[Equation 21] Z=-c¢

Using (Equation 21), the distance calculation section
23 calculates the distancé on the basis of the phase difference
(Equation 18). The speed calculation section 24 calculates
the Doppler frequency fd from the baseband signéls (Equation
10), (Equation 11), (Equation 12), and (Equation 13) by using
fast Fourier transform or the like.

When the wavelength of the carrier wave is denoted by
)\, therelativevelocityVbetween theRFtaglandthecontactless

reader/writer 3 is as shown in (Equation 22).
. A
[Equation 22] szd'-z—

On the basis of the speed of the contactless reaoller/writer
3 itself and thé Doppler frequency fd, the speed calculation
section 24 calculates the'speed of the RF tag 1.
| Next, in the case that the transmission signals radiated
from the contactless reader/writer 3 are reflected by the
obstacle 2, (Equation 3) and (Equation 4) expressing the case

that the signals are reflected by the RF tag 1 are modified
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into (Equation 23) and (Equation 24).
[Equation 23] E, =4, cos((a)lia)d)t—klz+sl)
[Equation 241 E,=4, cos(((o2 ia)d)t—kzzfsz)
‘Theemployedcalculationprocedureforthecﬁstance,the
speed, and the received data is similar to that of the case
of the RF tag 1.

Here, for example, in the case that the carrier frequency
is 950 MHz, the difference of the two phase change components
is /4 radian, the frequency difference of the two carrier waves
is 1 MHz, and the Doppler frequency i's 100 Hz, then obtained
are a distance of 37.5 m and a speed of 15.7 m/s.

Whether the reflected signals received in the contactless
reader/writer 3 are caused by the RF tag 1 or by the obstacle
2 is determined in the CPU 4 by checking whether the received
data inputted to the CPU 4 is the same as the transmitted data
or not. When these data pieces are the same, the obstacle 2
isdeterminaﬂasthesoﬁrce. That is, when signals are received
from the RF tag 1, the identification information of the RF
tagilandthelikeiscmntainadinthereflectedsignalé. Thus,
the reflected signals from the RF tag 1 differ from the
transmitted signals. Accordingly, when the transmission
éignalsdifferfromthereflectedsignals,thereflectedsignals
aredeterminedasreflecfedbyijueRFtag]u When the reflected
signalsarethesameasthetxansmissionsignals,thereflected

signals are determined as not from the RF tag 1 but from the
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obstacle 2.

As for the difference petween the timings of transmitting
: andreceivingthetwosignaléusingthecarrierwavesofnmtually
different frequencies, when the difference 1is smaller, the
traveled distance of the target such as the RF tag 1 and the
obstacle 2 becomes smaller. This improves the precision in
the distance calculation.

Asdescribedabove,inthecasethatthemodulationmethod
intheRFtaglsupportsphasemodulationorfrequencymodulation,
when thé phase separation section 22, the distance calculation
section 23, and the speed calculation section424 are merely
added to a general contactless reader/writer, the contactless
reader/writer 3 capable of calculating the distance to the RF
tag 1 or the obstacle 2 and the traveling speed of the RF tag
1 or the obstacle 2 ig realized without the necessity of newly
providing a special antenna or a special transmission and
reception.circuit for a dedicated radar for detecting the RF
tag 1 and the like.

Further, the signals used here are those empleed.in the
communication between the RF tag 1 and the contactless
reader/writer 3. Thus, the distance to the RF tag 1 or the
ébstacle 2 and the traveling speed of the RF tag 1 or the obstacle
2 can be calculated during the normal communication with the
RF tag 1.

‘In the present embodiment, two signals have been used
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that employ carrier waves of nutually different frequencies.
However, the invention is not limited to thié, and more than
- two signals may be used.

(Embodiment 2)

In the description of the present embodiment, like parts
to Embodiment 1 are designated by like numerals, and hence
detailed description is omitted. The difference from
Embodiment 1 is that the phase separation section 22 is
unnecessary. N

ThedifferencelethepresentembodimentfromEmmodiment
1 is described below with reference to FIG. é. The phase
calculafion section 21 outputs the calculated phase data 61
andeztothedistancecalculationsection23intheradarsection
6. When the signal components S1' and S2' of the phase data
extracted from the phase data €1 and 62 have a fixed value such
as o radian, the data extraction section 14 outputs a phase
detection signal to the distance calculation section 23 in the
radar section 6.

Atthetimingthatthephasedetectionsignaliginputted,
the distance célculation section 23 holds the phase data ©1
and 62 inputted from the phase calculation section 21, and then
éalculatesthedifference. At that time, the signal components
S1' and S2' of the phase data contained in the phase data 61
and 62 are identical, and hence the phase difference is as shown

in (Equation 253).
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[Equation 25] 6,-6,=—(&-a,)Z
Thisisthesameresultas(Equation18). The employed procedure
-forcalculatingthedistanceonthebasisofthephasedifference
is similar to that of Embodiment 1.

. The employed procedure for calculating the speed and the
received data is similar to that of Embodiment 1. The employed
procedure for calculating the distance and the speed of the
obstacle 2 as well as the received data is the same as the case
of the RF tag 1.

As described above, in the case that the modulation method
in the RF tag 1 supports phase modulationor frequeﬁcy modulation,
when the distance calculation section 23 and the speed
calculationsection24aremerelyaddedtxJageneralcontactless
reader/writer, the contactless reader/writer 3 capable of
calculating the distance to the RF tag 1 or the obstacle 2 and
the traveling speed of the RF tag 1 or the obstacle 2 is realized
without the necessity of newly providing a special antenna or
a special transmission and reception circuit for a dedicated
radar for detecting the RF tag 1 and the like. |

Further, fhe signals used here are those employed in the
communication between the RF tag 1 and the contactless
feader/writer 3. Thus, the distance to the RF tag 1 or the
obstacle 2 and the traveling speed of theRF tag lor the obstacle

2 can be calculated during the normal communication with the

RF tag 1.
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In the present embodiment, two signals have been used
that employ carrier waves of mutually different frequencies.
. However, the invéntion is not limited to this, and more than
two signals may be used.

(Embodiment 3)

In the description of the present embodiment, like parts
to Embodiment 1.are designated by 1ike numerals, and hence
detailed description 1is omitted. The differences from
Embodiment 1 are that amplitude modulation is used as the
modulation method in the RF tag 1, that the phase separation
sectionZZisunnecessary,andthatthephasecalcuiationsection
21 is replaced by an amplitude and phase calculation section
25.

ThedifferencesofthepresentembodimentfromEmbodiment
1 are described below with reference to FIG. 3.

ATheamplitudeandphasecalculationsection25calculates
the amplitude and the phase of the paseband signals on the basis
of the in-phase component and the quadrature component of the
baseband signals outputted from the mixer 19 and.the‘mixér 20,
and then outputs the amplitude data to the data extraction
section14andthgphasedatatothedistancecalculationsection
23.

The operation is described below for the communication
~system for RF tags having this configuration.

The round trip distance of the radio waves between the
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contactless reader/writer 3 and the RF tag 1 is denoted by Z.
The Doppler angular frequency generated by the motion of the
‘RF tagvl is denoted by wd. As for the two.signals El and EZ2
modulated by the RF tag 1, the amplitude of the signal El is
denoted by AS1l', the propagation constant by k1, while the
amplitude of the signal E2 is denoted by AS2', the propagation
constant by k2. Then, the received signals reflected by the
RF tag 1 are expressed by (Equation 26) and (Equation 27). The
kmodulation method in the'RF tag 1 is assumed to be amplitude
modulation.

[Equation 26] K =As1' cos((co1 iwd)l—-klz)

[Equation 27] E,= A,zf cos((o, :i:cod)t—kzz)

Here, when the values of the carrier angular frequencies
wl and ®2 are very close'to each other, their Doppler angular
frequencies also become approximately equal. Thus, in
(Equation26)and(Equation27),theDopplerangularfrequencies
are set to be wd. |

The received signals amplifiedby the receiving amplifier
12 are processed by orthogonal detection in the demodulation
section13,andfherebyfrequency—convertedintothebaseband.
Theseobtainedsignalsareexpressedby(Equation28),(Equation
25), (Equation 30), and (Equation 31). Here, the in-phase
component of E1 is denoted by E1I, the quadrature component
by E10Q, the in-phase component of E2 by E2I, and the quadrature

component by E2Q.
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[Equation 28] E; =Asll cos(ia)dt—klz)

[Equation 291 E, =As1’ sin(ia)dt—k,z)

[Equation 301 E, =Asz, cos(i codt—kzz)

[Equation 311 E, =As2' sin(i-a)dt—kzz)

 When the phase constant is denotedby aand the atteﬁuation
coefficient by B, the propagation constant k is expressed by
(Equation 32).

tEquatidn 321 k=a-jpB

Here, the termof thé attenuation coefficient isneglected
for simplicity. Then, when the phase constant of the signal
E1 is denoted by ol, and the phase constant of fhe signal EZ2
bya2, (Equation28), (Equation29), (Equation30), and (Equation
31) are rewritten as follows.

[Equation 33] Ey =Asll cos(iwdt——alz)

[Equation 341 Ey =As1,sin(ia)dt—a1z)

[Equation 351 Ej =As2, cos(icodtwazz)

[Equation 361 EZQ-—-ASZ' sin(i(odt—azz)

The baseband signals (Equation 33), (Equation 34),
(Equation 35), and (Equation 36) are outputted to thg amplitude
and phase calcﬁlation section 25. The amplitude and phase
calculation section 25 converts the baseband signals intopolar
éoordinates, and thereby calculates the amplitudes and the
phases. The amplitude of the signal El1 is ASl', while the
amplitude of the signal E2 is AS2'. The phase 01 of the signal

E1l is given by (Equation 37), while the phase 02 of the signal
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E2 is given by (Equation 38) .

[Equation 37] 0, =tw,t -0,z

[Equation 38] 0, =t@,t =0,z

The amplitude and phase calculation section 25 outputs
the calculated amplitude data to the data extraction section
14. The data extraction section 14 performs data extraction
by using the inputted amplitude data AS1' and AS2' as the
amplitude data containing the identification information and
thelikeoftheRFtagl,aﬁdthenoutputsthedatatothedecoding
section 15. Thedecodingsecthx115decodestheinputteddata,
and then outputs the decoded data as the receivéd data to the
CPU 4. '

The amplitude and phase calculation section 25 outputs
the calculated phase data to the distance calculation section
23 in the radar section 6.

The distance calculation section 23 calculates the
difference of the two inputted phases. The phase difference
is as Shown in (Equation 39).

[Equation 39] 6,-0,=—{a,~a,)Z

Thesame&alueas(Equation18)isobtained. The employed
procedureercalculatingthedistanceonthebashsofthephase
aifference is similar to that of Embodiment 1.

The employed procedure for calculating the speed is
similar to that of Embodiment 1. The employed procedure for

calculating the distance and the speed of the obstacle 2 as
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well as the received data is the same as the case of the RF
tag 1.

Asdescribedabove,inthecasethatthemodulationnmthod
in the RF tagl supports amplitude modulation, when the distance
calculation section 23 and the speed calculation section 24
are merely added to a general contactless reader/writer, the
contactlessreadef/writer3capableofcalculatingthedistance
to the RF tag 1l or the obstacle 2 and the traveling speed of
the RF tag 1 or the obstacie 2 is realized without the necessity
of newly providing a special antenna or a special transmission
and reception circuit for a dedicated radar for aetecting the
RF tag 1 and the like.

Further, the signals used here are those employed in the
communication between the RF tag 1 and the contactless
reader/writer 3. Thus, the distance to the RF tag 1 or the
obstacle2andthetravelingspeedoftheRFtaglortheobstacle
2 can be calculated during the normal communication with the
RF tag 1. |

Tn the present embodiment, two signals have been used‘
that employ carfier waves of mutually different frequencies.
However, the invention is not limited to this, . and more than
fwo signals may be used.

(Embodiment 4)

In the description of the present embodiment, like parts

to Embodiment 1 are designated by 1ike numerals, and hence
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detailed description is omitted. ' The differences from
Embodiment 1 are: amplitudemodulationis usedas themodulation
‘method in the RF tag 1l; one transmission signal the carrier
frequency of whiph is continuously changed as a function of
time is used for calculating the distance to the RF tag 1 and
the obstacle 2 from the contactless reader/writer 3 as well
as the traveling speed of the RF tag 1 and the obstacle 2; the
phase separation section 22 is unnecessary; and the phase
calculation séction 21 is Areplaced by an amplitude calculation
section 26.

The present embodiment is described below wlith reference
to FIG. 4.

FIG. 4 shows an example of the time relation of the carrier
frequencies of the transmission signal and the received signalv
as well as the beat frequency (frequency difference of the
transmission signal and the received signal). When the carrier
frequency of the transmission signal is continuously changed
as a function of time as shown in FIG. 4, the carrier %reqﬁencyi
of the signal reflected and then received from thé RF tag-l
or the obstacle'z varies as indicated by albroken line in FIG.
4. The beat frequency that is obtained by subtracting the
f?equency of the received signal from the frequency of the
transmission signal varies as shown in FIG. 4.

The round trip distance of the radio wave between the

contactless reader/writer 3 and the RF tag 1 or the obstacle
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2 is denoted by Z. TheDopplerfrequencygenerataﬂbythenmtion
of the RF tag 1 is denoted by fd. The speed of the radio wave
. is denoted by C, the modulation time by T, and the frequency
shiftwidthbyAf. The beat frequencywhen the carrier frequency
is increasing is denoted by fup, while the beat frequency when
the carrier frequency is decreasing is denoted by fdown. Then,
the beat frequencies are obtained as shown in (Equation 40)

and (Equation 41) .

[Equation 401 f, =—ATiZ—fd
c

[Equation 41] j%mg:—%ﬁZ—;ﬂ
c

When the difference of the beat frequencies (Equation
40) and (Equation 41) is calculated, the second terms of
(Equation 40) and (Equation 41) cancel out. Thus, the round
trip distance Z of the radio wave between the contactless
reader/writer 3 and the RF tag 1 or the obstacles 2 is obtained

as shown in (Equation 42).

Tc(fup - fdown)

E tion 42] Z-=
[Equation ] 2

When the sum of the beat frequencies (Equation 40) and
(ﬁquation 41) is calculated, the first terms of (Equation 40)
and (Equation 41) cancel out. Thus, according to (Equation
22), the relative velocity V of the RF tag 1 and the contactless

reader/writer 3 is obtained as shown in (Equation 43).
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ﬂ’(.fup + f down)
4

[Equation 43] V=-

That is, when the carrier frequency of the transmission
signal is continuously changed as a function of time, the
distance to the RF tag 1 and the obstacle 2 from the contactless
reader/writer 3 and the traveling speed of the RF tag 1 or the
obstacle 2 can be calculated.

The differences in the present embodiment from Embodiment
1 are described below with reference to FIG. 5.

The amplitude calculation section 26 calculates the
amplitudes of the baseband signals on the basis of the in-phase
component and the quadrature component of the baseband signals
outputted from the mixer 19 and the mixer 20, and then outputs
the ampli’gude data to the data extraction section 14.

The operation is described below for the communication
system for RF tags having this configuration.

The transmission data outputted from the CPU 4 for the
transmission to the RF tag 1 is coded by the coding section
7. Then, the coded data is converted into a pac‘ket by the
packeting section 8, and then processed by pass band modulation
in the modulation section 9. The signal E processed by pass
Eand modulation in the modulation section 9 'is expressed by
(Equation 44). Here, its amplitude is denoted by AS, while
the carrier frequency is denoted by fct.

[Equation 44] E=4, cos(27f,,t)
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Carrier frequency information is outputted from the CPU
4 to the oscillator 16 so that the carrier frequency fct is
. continuously changed as a function of time. The employed
mOdulationnmthodisamplitudemodulation. Signal information
to be transmitted to the RF tag 1 is contained in AS. Phase
modulation and frequency modulation cannot be used because the
carrier frequency varies as a function of time.

The signal is amplified by the transmission amplifier
10,andthenradiatedthroﬁghtheantennasectionll. The signal
radiated from the antenna section 11 is reflected by the RF
tag 1 or the obstacle 2. The reflected signal is received by
the antenna section 11. Then, the signals received by the
antenna section 11 are amplified by the receiving amplifier
12.

Described below first is the case that the signal is
reflected by the RF tag 1.

The round trip distance of the radib wave between the
contactless reader/writer 3 and the RF tag 1 is denoted by Z.
The Doppler frequency generated by the motion of Fhe RF tag
1 is denoted by fd. The amplitude of the signal E modulated
by the RF tag 1 is denoted by AS1l', the propagation constant
by k, and the carrier frequency by fcr. Then, the received
signal reflected by the RF tag 1 is expressed by (Equation 45).
The modulation method in the RF tag 1 is assumed to be amplitude

modulation.
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[Equation 45] E=A4, cos(Zﬂ(fc,ifd)t—kz)

The received signal amplified by the receiving amplifier
. 12 is processed by orthogonal detection in the demodulation
section 13, and thereby frequency—converted‘into the base band.
This obtainedsignal is expressed by (Equation 46) and (Equation
47). Here, the in-phase component of E is denoted by EI, while
the quadrature component is denoted by EQ. These baseband
signals are outputted to the amplitude calculation section 26
and to the distance calculation section 23 and the speed
calculation section 24 provided in the radar section 6.

[Equation 461 E; =As’ cos(27z(fc,—fct ifd)t——kz) |

[Equation 47] E,= As, sin(Zﬂ(fc, - f ifd)t—kz)

The amplitude calculation section 26 converts the
baseband signals intopolar coordinates, and therebycalculates
amplitude data AS'. The amplitude calculation section 26
outputs the calculated amplitude data to the data extraction
section 14. The data extraction section 14 performs data
extraction by using the inputted amplitude data AS' as the
amplitude data containing the identification inforlmation and
the like of the RF tag 1, and then outputs the data to the decoding
section 15.
| The decoding section 15 decodes the inputted data, and
then outputs the decoded data as the received data to the CPU
4.

The distance calculation section 23 and the speed
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calculation section 24 in the radar section 6 extract the
frequency component (Equation 48) on the basis of the baseband
- signals (Equation 46) and (Equation 47) by using fast Fourier

transform or the like.

[Equation »48] Lo —fu T fa

The (Equation 48) represents the beat frequency obtained
by subtracting the frequency of the transmission signal from
the frequency of the received signal. Thus, multiplying this
by -1, the beat frequencies fup and fdown are obtained.

Using the beat frequencies fup and fdown, the distance
calculation section 23 calculates the distance Z. according to
(Equation 42).

Using the beat frequencies fup and fdown and the speed
of the contactless reader/writer3itself, the speed calculation
section 24 calculates the speed of the RF tag 1 according to
(Equation 43). |

Next, in the case that the transmission signal radiated
fromthecontactless reader/writer3isreflectedbytheobstacle
2, the (Equation 45) expressing the case that the'signal is
reflected by the RF tag 1 is modified into (Equation 49).

[Equation 491 E:Ascos(Zfr A+ f ) —k2)

The employed calculation procedure for the distance, the
speed, and the received data is similar to that of the case
of the RF tag 1.

Whether the reflected signal received in the contactless
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reader/writer 3 is caused by the RF tag 1 or by the obstacle
2 is determined by checking in the CPU 4 whether the received
" data inputted to the CPU 4 is the same as the transmitted data
or not. When these data pieces are the same, the obstacle 2
is determined as the source. That is, when the received signal
has not been modulated by the RF tag 1, the reflected signal
is détermined as not from the RF tag 1 but from the obstacle
2.

As described above, in the case that themodulationmethod
intheRF tagl supports amplitudemodulation as described above,
when the -distance calculation section’ 23 aﬁd. the speed
calculation section 24 aremerely added to a general contactless
reader/writer, the contactless reader/writer 3 capable of
calculating the distance to the RF tag 1 or the obstacle 2 and
the traveling speed of the RF tag 1 or the obstacle 2 is realized
without the necessity of newly providing a special antenna or
a special transmissionAand reception circuit for a dedicated
radar for detecting the RF tag 1 and the like.

Further, the signal used here is that employed in the
communication between the RF tag 1 and the contactless
reader/writer 3. Thus, the distance to the RF tag 1 or the
o.bstacle 2 and the traveling speed of the RF tag 1 or the obstacle
2 can be calculated during the normal communication with the
RF tag 1.

(Embodiment 5)
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In the description of the present embodiment, like parts
to Embodiments 1 through 4 are designated by like numerals,
- and hence detailed describtion is omitted. The differences
from Embodiment 1 are that the antenna section 11 is an array
antenna capable of scanning the radiated wave (main beam)
electronicallyandthatthe(E%I4outputsdirectioninformation
to the antenna section 11. This realizes thé detection of the
direction of a detected object. The array antenna indicates
an arrangement of a plurality of antenna elements in which the
amplitude and the phase of excitation of each element are
independently controllable. An example of the érray antenna
is shown in FIG. 6.

In FIG. 6, numeral 31 indicates an array antenna in which
a plurality of antenna elements each composed of a conductor
are arranged. Numeral 32 indicates a weight control section
for performing weight assignment to the signal of each antenna
element on the basis of the difection information specified
by the CPU 4. Numeral 33 indicates amultiplier formultiplying
the signal of each antenna element by a weight|component
outputted from'the weight control section 32. Numeral 34
indicates a circulator for outputting the transmission signal
fo the antenna element and for outputting the input signal from
the antenna to an adder 35. Numeral 35 indicates the adder
for adding the input signals from the antenna elements and then

outputting the sum as the received signal to the receiving
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amplifier 12.

The operation is described below for the array antenna
‘having this configuration.

On the basis of the direction where measurement is desired
for the distance and the speed, the CPU 4 outputs direction
information to the antenna section 11. 1In order that the
radiated wave should direct toward the direction specified by
the CPU 4, the inultiplier 33 multiplies the amplitude and the
phase of the signal flowing through each antenna element by
each weight component outputted from the weight control section
32soastoweight eachantennaelement. ‘Asa result; theradiated
wave is scanned electronically. Employable methods of
weighting include: the directivity of the antenna elements are
combined so that a radiated wave in a predetermined direction
is formed by the entirety of the array antenna 31; and antennas
each having a sharp directivity are switched.

Then, when scanning is performed with changing the
radiated direction of the radiated wave as described above,
the RF tag 1, the obstacle 2, and the like present ‘Allithil’l the
scan area can bé detected.

As described above, when the antenna section 11 employs
the array antenna 31 capable of scanning the radiated wave
electronically, the direction of the RF tag 1 or the obstacle
2 can be calculated in addition to the distance and the speed.

Thus, the position canbe specified on the basis of the distance
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and the direction.

(Embodiment 6)

In the description of the present embodiment, like parts
to Embodiments 1 through 4 are designated by like numerals,
and hence detailed description is omitted. The differences
from Embodiment 1 are that the antenna section 11 is a driven
type -antenna the transmission direction of which is variable
and that the CPU 4 outputs direction information to the antenna
section 11. This realizés the detection of the direction of
a detected object. An example of the driven type antenna is
shown in FIG. 7. |

InFIG. 7, numeral 41 indicates anantennaelement composed
of a conductor, and has directivity. Numeral 42 indicates an
antenna driving section for moving the antenna element 41 on
the basis of the direction information specified by the CPU
4,andtherebycontrollingthedirectionandtheelevationangle
of the radiated wave ﬁechanically.

The operation is described below for the driven type
antenna having this configuration.

Onthebaéisofthedirectionwheremeasurementisdesired
for the distance and the spéed, the CPU 4 outputs direction
information to the antenna driving section 42. 1In response
to the signal from the CPU 4, the antenna driving section 42
moves the antenna element 41 such that the direction of the

radiated wave should direct toward the direction specified by
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the CPU 4. As a result, the radiated wave is scanned
mechanically.

When scan is performed by changing the radiated direction
of theradiatedwave asdescribedabove, theRFtag1l, theobstacle
2, and the like present within the scan area are detected.

As described above, when the antenna section 11 employs
the antenna element 41 and the antenna driving section 42 for
moving the antenna element 41, the radiated wave can be scanned
mechanically. As a result, the direction of the RF tag 1 or
the obstacle 2 can be caléulated in addition to the distance
and the speed. Thus,theposithnucmabespecifiéjonthebasis
of the distance and the direction.

(Embodiment 7)

In the description of the present embodiment, like parts
to Embodiments 1 through 4 are designated by like numerals,
and hence detailed description is omitted. The difference from
Embodiments 1 through 4 is that the RF tag 1 is tracked for
a predetermined time after the detection of the RF tag 1.

FIG. 8 shows the schematic configuratign of the
communication éystem for RF tags according to the present
embodiment. In FIG. 8, numeral 51 indicates a package on which
fhe RF tag 1 is stuck. Numeral 52 indicates a conveyor belt
for moving the package 51. Numeral 53 indicates a contactless
reader/writer capable of changing the radiated direction of

the radio wave as shown in Embodiment 5 or 6.
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The operation is described below for the communication
system for RF tags having this configuration.

When the contactless reader/writer 53 detects the RF tag
1, until entire communication to be performed between the RF
tag 1 and the contactless reader/writer 53 is completed, the
antenna section 11 is controlled such that the radiated wave
always follows the direction of the traveling RF tag 1 so that
the RF tag 1 is tracked by a method described below.

The method of tracking is as follows. When the position
of the RF tag 1 is detected, the direction of the radiated wave
of the antenna section 11 is changed at any time in.such a manner
that the angle difference between the direction of the RF tag
" 1 and the radiated direction of the radiated wave radiated from
the antenna section 11 becomes approximately zero, that is,
in such a manner that the directions of the RF tag 1 and the
radiated wave approximately agree with each other. Then, the
RF tag 1 'is tracked. Further, when the speed information of
the traveling RF tag 1 is acquired and then the detection of
theRFtaglisperformedbychangingthedirectionof th‘e radiated
wave, the position of the traveling RF tag 1 can be predicted.
This improves the follow-up precision in the tracking of the
Rf tag 1.

| As described above, when the direction of the antenna
section 11 is changed in accordance with the motion of the

detected RF tag 1 so that the radiated direction of the radio
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wave is controlled such that the radio wave is radiated toward
the RFtag l, the contactless reader/writer 53 canperformstable
© communication without break off even when the RF tag 1 is
traveling.

(Embodiment 8)

In the description of the present embodiment, like parts
to Embodiments 1 through 4 are designated by like numerals,
and hence detailed description is omitted. The difference from
Embodiment 1 is that affer the distance to the RF tag 1 is
calculated, the transmission output is optimized depending on
the distance. |

The operation of the communication system for RF tags
according to the present embodiment is described below with
reference to FIG. 9.

FIG. 9A shows an example of the relation between the
distance of the RF tag 1 relative to the contactless
reader/writer 3 and the received signal power from the RF tag
1. As shown in FIG. 9A, with increasing distance between the
RFtaglandthecontactlessreader/writerB,therece%vedsignal
power decreases as it is received by the contactless
reader/writer 3 from the RF tag.
| On the basis of the distance between the RF tag 1 and
the contactless reader/writer 3 obtained from the radar section
6, the CPU 4 estimates the received signal power from the RF

tag 1 as described below, and thereby controls the gain of the
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transmission amplifier 10 such that a reverse characteristic
to FIG. 9A 1is obtained as shown in FIG. 9B of the gain
" characteristics of the transmission amplifier as a function
of the distance between the RF tag 1 and the contactless
reader/writer 3. Specifically, the CPU 4 outputs transmitting
gain information to the transmission amplifier 10. Then, the
transmission amplifier 10 changes the gain on the basis of the
transmitting gain information such as to maintain the received
signal power from the RF fag 1 to be conétant as shown in FIG.
9C. The estimation of the received signal power is performed
as follows. |

The transmission power of the contactless reader/writer
3 is denoted by Pi. The received power of the contactless
reader/writer 3 is denoted by Pr. The reflection coefficient
of the RF tag 1 is y. The distance between the RF tag 1 and
the contactless reader/writer 3 is d. The propagation loss
at distance dis PL(d). The transmission antenna absolute gain
in the contactless reader/writer 3 is Grw t. The receiving
antenna absolute gain in the contactless reader/w:{:iter 3 is
Grw_r. The traﬁsmission antenna absolute gain in the RF tag
1 is Gtag_t. The receiving antenna absolute gain in the RF
£ag 1 is Gtag r. Then, the received power of the contactless
reader/writer 3 is expressed by (Equation 50).

[Equation 50]

G, , B 1PL(d))xy x(G

w_t : tag_r tag t ’

P=(G

r

G,, ,/PL(d))
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The value of the propagation loss may be estimated by
any method. Employable methods include: the relation between
" the propagation loss and distance of the RF tag 1 relative to
the contactless reader/writer 3 is measured in the operating
environment in advance so that the data is referenced; a
theoretical formula (Equation 51) for the propagation loss in
free space is used that calculates a theoretical value of the
propagation loss in the case that the radio wave is propagated
in ideal space free from.ébstacles such as a reflecting object
that affects the radio wave propagation; and an estimation
formula represented by the Okumura model is used that estimates
empirically the loss value which varies depending oﬁ-the
environment such as the vicinity of a building, the plain, and
the like.

When a part of constants in the theoretical formula for
the propagation loss in free space is changed, the loss value
can be estimated even for an environment which is not an ideal
space such as the vicinity of a building, the plain, and the
like. Then, the received power is estimated using (Equation
50) .

[Equation 51] fi@i)z(fgg)z

d: Propagated distance [m]

A: Wavelength [m]

As described above, when depending on the communication
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distance to the RF tag 1, the transmission output of the
contactless reader/writer 3 is optimized, stable communication
'is achieved regardless of the distance between the RF tag 1
and the contactless reader/writer 3.

In the related art contactless reader/writer, when the
transmission output is set at a rather high value in order to
extend the communication achievable distance, a problem has
arisen that the recéived signal power can saturate at short
distances so that the communication is prevented. However,
in the contactless reader/writer 3 according to the present
embodiment, the transmission output is adjusted. depending on
the communicationdistance totheRFtagl, andhence thisproblem
is resolvable.

(Embodiment 9)

In the description of the present embodiment, like parts
to Embodiments 1 through 6 are designated by like numerals,
and hence detailed description isomitted. The difference from
these embodiments is that when a reflecting object is present
in the surrdundings between the RF tag 1 and the cpntactless
reader/writer 3., the transmission output is optimized depending
on the positions of the RF tag 1 and the obstacle 2.
| FIG. 10A is a diagram showing an example of the relation
between the distance of an RF tag 1 relative to a contactless
reader/writer 3 and the received signal power from the RF tag

1. Whenareflectingobject servingas the obstacle 2 is present
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in the surroundings between the RF tag 1 and the contactless~
reader/writer 3, phasing occurs as shown in FIG. 10A. The
- phasingpitchvaries dependingonthe arrangement of the obstacle
2. However, a proportional relation holds with respect to the
wavelength. For example, when the reflectingobjectis present
in the transmission direction of the radio wave, the phasing
pitch becomes 0.5 wavelength.

Oon the basis of the positions of the RF tag 1 and the
obstacle 2 obtained fromlthe calculation results of the radar
section 6 and the like, the CPU 4 estimates the received signal
power from the RF tag 1 by means of an electr'om.agnetic field
simulation described below, and thereby controls the gain of
the transmissionamplifier 10 such that a reverse characteristic
to FIG. 10A is obtained as shown in FIG. 10B. As such, the
received signal power fromthe RF tag l ismaintainedat constant
as shown in FIG. 10C. The estimation of the received signal
power is performed as follows.

The method of electromagnetic field simulation used in
the estimation of the received signal power may be any one such
asuthe finite elément method, the FDTDmethod, the moment method,
and the ray trace method.
| As for the information such as the reflection coefficient
of the obstacle 2, when the operating environment is known in
advance, the materials information of the obstacle 2 used in

the space is adopted. Otherwise, a basic model of a building
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where the communication system for RF tags is used at the highest
probability is determined so that the materials information
- of the obstacle 2 used there is adopted. .

When the computing capability of the CPU 4 in the
contactless reader/writer 3 does not satisfy the computing
capability required for the electromagnetic field simulation,
a computer may be connected to the contactless reader/writer
3 so that the received signal power may be estimated in the
computer. |

As described above, when the transmission output is
optimized depending on the positions of the RF.tag 1 and the
obstacle 2, stable communication is achieved even in a
communication environment having phasing.

(Embodiment 10)

In the description of the present embodiment, like parts
to Embodiment 9 are designated by like numerals, and hence
detailed description i1is omitted. The difference from
Embodinient 9 is that the wavelength of the carrier wave of the
transmission signal is optimized depending on the positions
of the RF tag i and the obstacle 2. Specifically, the CPU 4
outputs carrier frequency information to the oscillator 16 so
fhat the oscillator 16 outputs to the modulation section 9 a
carrier wave of the frequency specified by the CPU 4.

The operation is described below for the communication

system for RF tags having this configuration.
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As shown in Embodiment 9, when a reflecting object serving
as the obstacle 2 is present in the surroundings between the
"RF tag 1 and the contactless reader/writer.3, phasing occurs,
and the phasing pitch is proportional to the wavelength. FIG.
11A is a diagram showing an example of the relation between
the distance of an RF tag 1 relative to a contactless
reader/writer 3 and the received signal power from the RF tag
1. Signals A and B indicate two signals each modulated with
a carrier wave having a ﬁutually different wavelength.

On the basis of the positions of the RF tag 1 and the
obstacle 2 obtained from the calculation resulté of the rédar
sectioh 6 and the like, the CPU 4 estimates the received signal
power from the RF tag 1 in an electromagnetic field simulation,
and thereby switches the wavelength of the cérrier wave into
one causing the higher received signal power, depending on the
positions of the RF tag 1 and the obstacle 2. That is, in the
present embodiment, the more suitable one in the signals A and
B is selected and used. Then, the characteristics as shown
inFIG.11Bareobtainedsothatarapidreductionintpereceived
signal power frﬁm.the RF tag 1 is avoided. The estimation of
the received signal power is performed by the same method as
in Embodiment 9.

As described above, when the wavelength of the carrier
wave is optimized depending on the positions of the RF tag 1

and the obstacle 2, degradation in the receiving performance
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caused by a rapid reduction in the received power is avoided
even in a communication environment having phasing.

(Embodiment 11)

In the description of the present embodiment, like parts
to Embodiment 9 or 10 are designated by like numerals, and hence
detailed description is omitted. The difference from
Embodiment 9 or 10 is that the modulation method for the
transmission signal is optimized depending on the positions
of the RF tag 1 and the obstacle 2. Specifically, the CPU 4
outputs modulationmethod information to themodulation section
9 so that the modulation section 9 performs modﬁlation by the
modulation method specified by the CPU 4.

Thé operation is described below for the communication
lsystem for RF tags having this configuration.

Each kind of modu.lation method has advantages and
disadvantages, and hence the optimum modulation method varies
depending on the communication environment. As an example,
FIG. 12 shows thebiterrorrate inmﬁltiphase PSK. Byincreasing
multiphase, like two-phase, four-phase, and eight-phase, the
transmission sp‘eed improves. Nevertheless, the bit error rate
degrades.
| On the basis of the position and speed information of
the RF tag 1 or the obstacle 2 obtained from the calculation
results of the radar section 6 and the like, the CPU 4 recognizes

the communication environment, and thereby changes the method
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of the modulation performed by the modulation section 9.
Further, the detection method of the demodulation section 13
+1s also changed in accordance with the change of the modulation
method. Specifically, in the case of a poor communication
environment such as that the traveling speed of the RF tag 1
is high and hence the bit error rate characteristic degrades
and that the communication distance between the RF tag 1 and
the contactless reader/writer 3 is long and hence the received
signal power decreases sb that the bit error rate degrades,
the modulation method is changed into one having a good bit
error rate characteristic. That is, the transﬁission speed
is less prioritized, while improvement in the bit error rate
isprioritized. 1Inthecaseofagoodcommunicationenvironment,
a modulation method is adopted that has a high transmission
sgeed,that is, improvement is prioritized in the transmission
speed. FIG. 13 shows an example of a correspondence table for
the speed of the RF tag 1 and the modulation method. Such a
correspoOndence table may be prepared in advance on the basis
of experiments or the like so that the CPU 4 may detgrmine the
modulation metﬁod on the basis of this table.

As described above, the communication environment is
fecognized on the basis of the position and speed information
of the RF tag 1 or the obstacle 2, and then the modulation method
is optimized. This realizes optimization of the transmission

speed and improvement in the bit error rate.
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(Embodiment 12)

In the description of the present embodiment, like parts
© to Embodiments 9 through 11 are designated by like numerals,
and hence detailed description isomitted. The difference from
Embodiments 9 through 11 is that the packet size of the
transmission signal is optimized depending on the positions
of the RF tag 1 and the obstacle 2. Specifically, the CPU 4
outputs packet size information to the packeting section 8 so
that the p;cketing section8performsmodulationusingthe packet
size specified by the CPU 4.

The operation is described below for the 'communication
system for RF tags having this configuration.

When the total bit number of the packet is denoted by
n, the packet error rate PER is expressed by the following
(Equation 52) using the bit error rate BER.

[Equation 52] PER=1-(1—BER)’

That is, when the total bit number of the packet increases,
the throughput improves, while the packet error rate increases.
Onthe contrary, when the total bit number of the packelt decreases,
the throughput decreasés, while the packet error rate improves.

On the basis of the position and speed information of
fhe RF tag 1 or the obstacle 2 obtained from the calculation
results of the radar section 6 and the 1like, the CPU 4 recognizes
the communication environment, and thereby changes the packet

size in the packeting process performed in the packeting section
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8. Specifically, in the case of a poor communication
environment such as that the traveling speed of the RF tag 1
"is high and hence the bit error rate characteristic degrades
and that the communication distance between the RF tag 1 and
the contactless reader/writer 3 is long and hence the received
signal power decreases so that the bit error rate degrades,
the packet size in the packeting process is reduced so that
the throughput is less prioritized, while improvement in the
packet error rate is pfioritized. In the case of a good
communication environment{ the packet size in the packeting
process is increased so that improvement is;priofitized.in the
throughput.

FIG. 14 shows an example of a correspondence table for
the traveling speed of the RF tag 1 and the packet size. Such
a correspondence table may be prepared in advance on the basis
of experiments or the like so that the CPU 4 may determine the
packet size on the basis of this table.

AS described above, the communication environment is
recognized on the basis of the position and speed.ipformation
of the RF tag i or the obstacle 2, and then the packet size
in the packeting process is optimized. This realizes
éptimization of the transmission speed and improvement in the
packet error rate.

(Embodiment 13)

In the description of the present embodiment, like parts
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to Embodiments 9 through 12 are designated by like numerals,
and hence detaileddescription isomitted. The difference from
- Embodiments 9 through 12 is that the coding method is optimized
depending on the positions of the RF tag 1 and the obstacle
2. Specifically, the CPU 4 outputs coding method information
to the coding section 7 so that the coding section 7 performs
coding by using the coding method specifiéd by the CPU 4.

The operation is described below for the communication
system for RF tags having this configuration.

FIG. 15 shows the bit error rate in PSK and the bit error
rate when error-correction code coding is perférmed on PSK.
As seen from FIG. 15, when the error—correction code coding
isemployed, thebit error rateis improved. Further, the coding
gainvaries dependingonthe codingmethod. Ingeneral, acoding
method having a higher coding gain requires an increasing amount
of calculation, and hence causes a reduction in the processing
speed, an increase in the power consumption, and the like. For
example, in comparison with block coding such as the BCH (Bose
Chaudhuri Hocquenghem) coding, the Viterbi decodin‘g requires
a folding operafion and hence causes an increase in calculation
complexity.
| On the basis of the position and speed information of
the RF tag 1 or the obstacle 2 obtained from the calculation
results of the radar section 6 and the like, the CPU 4 recognizes

the communication environment, and thereby changes the coding
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method performed in the coding section 7. Specifically, in
the case of a poor communication environment such as that the
: traveliﬁg speed of the RF tag 1 is high and hence the bit error
rate characteristic degrades and that the communication
distance between the RF tag 1 and the contactless reader/writer
3 is long and hence the received signal power decreases so that
thebit error rate degrades, a codingmethod having a high coding
gain is adopted so that a lower processing speed and a higher
power consumption are acéepted, while improvement in the bit
error rate is prioritized. For example, the method is changed
from BCH into Viterbi. In the case of a good éomunication
environment, a coding method having a lower coding gain is
adopted so that improvement is prioritized in the processing
speed and the power consumption.

As described above, the communication environment is
recognized on the basis of the position and speed information
of the RF tag 1 or the obstacle 2, and then the coding method
is optimized. This realizes optimization of the processing
speed and the power consumption and improvement in the bit error
rate.

(Embodiment 14)

In the description of the present embodiment, like parts
to Embodiment 5 or 6 are designated by like numerals, and hence
detailed description is omitted. The difference from

Embodiment 5 or 6 is that a contactless reader/writer 64 detects
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the positions of a plurality of RF tags and obstacles within
the communication area of the contactless reader/writer 64,
- and then communicates with RF tags present within a desired
area.

In FIG. 16, numerals 6la, 61b, and 61c indicate packages
placed on a conveyor belt 65 and moved by this conveyor belt
65. An RF tag.is stuck to each package. Numerals 62a and 62b
indicate packéges to which an RF tag is stuck. Numerals 63a
and 63b indicate obstacles present around the communication
system for RF tags. For example, the obstacles are: walls of
the building where the communication system for Rf‘ tags is used;
and equipment present in the building. Numeral 64 indicates
the contactless reader/writer for performing wireless
communication with the RF tags similarly to the contactless
‘reader/writer shown in Embodiments 5 and 6. Numeral 65
indicates a conveyor belt for moving the packages 6la, 6lb,
and 6lc. InFIG. 16, althoughthetravelingspeeds are indicated
for the packages 62a and 62b and the conveyor belt 65, the present
embodiment is described for the case that these pqckages are
not traveling.

The operation is described below for the communication
gystem for RF tags having this configuration.

As an example, described below is the case that
communication is to be performed slowly with the three packages

6la, 6l1b, and 6lc placed on the conveyor belt 65. First,
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according to a method described in the embodiments described
above, the contactless reader/writer 64 detects the position
. information of all the RF tags present around the contactless
reader/writer 64. The detection area of the contactless
reader/writer 64 depends on the communication achievable
distance of the contactless reader/writer 64.

Then, the CPU 4 outputs to the antenna section 11 the
directioninfofmationofthepackages61a,61b,and61cdetected
bytheradarsecthnl6andbresentintheareawheretheconveyor
belt 65 is present. Then, the antenna section 11 directs the
radiatedwave toward that direction. Assuch,wheﬁtheradiated
wave 1s directed to the aréa where the packages 6la, 6lb, and
61carepresent,communicationisnotperformedwiththepaqkage
62 outside the area. This configuratioh.is advantageous, for
example, in the case that information is to be written solely
into RF tags present within a predetermined area.

As such, communication with RF tags can be controlled
depending on the area. This prevents erroneous communication
with RF tags in an area where communication is noF desired.

Further, the position information is detected for all
the RF tags present around the contactless reader/writer 64.
T‘hen, the information of RF tags present withina predetermined
area is solely validated. An example of a validity process
is that when the identification information of RF tags is to

be acquired and processed, the information of the other (not
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valid) RF tags is set as invalid. A specific example of an
invalid process is that the information is discarded.so that
- the informationof thedesiredRF tagsissolelyobtained. Then,
for éxample, the information of the necessary and desired RF
tags. may solely be transmitted to an external device or the
like.

(Embodiment 15)

In the description of the present embodiment, like parts
to Embodiment 14 are deéignated by like numerals, and hence
detailed description is omitted. The difference from
Embodiment 14 is that the contactless reader/wrifer'64 detects
the positions of a plurality of RF tags and obstacles within
the communication area of the contactless reader/writer 64,
and then stops the communication by the contactless
reader/writer 64 when no RF tag is present within a desired
communication area.

As an example, described below is the case that
communication is to be performed solely with the three packages
6la, 6lb, and 6lc that are being moved by the conveyor belt
65. First, the radar section 6 inside the contactless
reader/writer 64 detects the position information of all the
ﬁF tags present around the contactless reader/writer 64. The
detection area of the contactless reader/writer 64 depends on
the communication achievable distance of the contactless

reader/writer 64.
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Then, on the basis of the detection result detected by
the radar section 6, when no RF tag is detected in the area
" where the conveyor belt 65 is present, the CPU 4 outputs an
operation stop signal to the transmission and reception section
5 so. as to stop the transmission and reception operation
performed in the transmission and reception section 5. This
reduces the power consumption.

As described above, when the communication by the
contactless reader/writer 64 is stopped no RF tag is present
in the area where the communication is desired. This improves
the power consumption. |

(Embodiment 16)

In the description of the present embodiment, like parts
to Embodiments 14 and 15 are designated by like numerals, and
hence detailed description is omitted. The differenée from
Embodiments 14 and 15 is that the contactless reader/writer
64 detects the positions and the speeds of a plurality of RF
tags présent within the communication area of the contactless
reader/writer 64, and then communicates solely wiFh RF tags
traveling at a‘desired traveling speed.

In FIG. 16, the packages 6la, 6lb, and 6lc are placed
an the conveyor belt 65 and traveling at the traveling speed
10 m/s of the conveyor belt 65. The packages 62a and 62b are
travelingat a speedof 5m/sandat a speedof 5m/s, respectively.

The operation is described below for the communication
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system for RF tags having this configuration.

As an example, described below 1is the case that
- communication is desired solely with RF. tags on packages
traveling at a speed of 10 m/s. First, the radar section 6
in the contactless reader/writer 64 detects the speed
information of all the RF tags present around the contactless
reader/writer 64. The detection area depends on the
communication achievable distance of the contactless
reader/writer 64.

In this case, the traveling speed of the packages 6la,
61b, and 6lc placed on the conveyor belt 65 is iO m/s. Thus,
the CPU 4 outputs the direction information of the packages
6la, 61b, and 61c to the antenna section 11 so that the antenna
section 11 directs the radiated wave toward that direction.
As such, when the radiated wave is directed to the area where
the packages 6la, 6lb, and 6lc are present, communication is
not performed with packages such as 62a and 62b outside the
area. This configuration is advantageous, for example, in the
case that information is to be written solely inFo RF tags
traveling at a'predetermined speed.

As such, communication with RF tags can be controlled
&epending on the speed of the RF tags. This prevents erroneous
communicationwithRFtagshavingaspeedoutsideapredetermined
speed range.

Further, the position information is detected for all
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the RF tags present around the contactless reader/writer 64.
Then, the information of RF tags traveling at a predetermined
- speed 1s solely validated. An example of a validity process
is that when the identification information of RF tags is to
be acquired and processed, the information of the other (not
valid) RF tags is set as invalid. A specific example of an
invalid process is that the information is discarded so that
the informationof the desiredRFtagsis solelyobtained. Then,
for example, the informafion of the necessary and desired RF
tags may solely be transmitted to an external device or the
like.

(Embodiment 17)

In the description of the present embodiment, like parts
to Embodiment 16 are designated by like numerals, and hence
detailed description i1is omitted. The difference from
Embodiment 16 is that the contactless reader/writer 64 detects
the positions and the speeds of a;plurality’of RF tags present
within the communication area of the contactless reader/writer
64, and then stops the communication by the cgntactless
reader/writer 64 when no RF tag is traveling at a desired
traveling speed.

In FIG. 16, the packages 6la, 61b, and 6lc are traveling
at the traveling speed 10 m/s of the conveyor belt 65, while
the packages 62a and 62b are traveling at a speed of 5 m/s and

at a speed of 5 m/s, respectively.
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The operation is described below for the communication
system for RF tags having this configuration.

As an example, described below is the case that
communication is desired solely with RF tags on packages
traveling at a speed of 20 m/s. First, the radar section 6
in the contactless reader/writer 64 detects the speed
information of all the RF tags present aroﬁnd the contactless
reader/writer 64. The detection area of the contactless
reader/writer 64 dependé on the communication achievable
distance of the contactless reader/writer 64.

When no RF tag traveling at a traveling spéed of 20 m/s
isdetectedby the radar section 6, the CPU 4 outputs an operation
stop signal to the transmission and reception section 5 so that
the transmission and reception section 5 stops the transmission
and receptionoperation in response to the signal. This reduces
the power consumption in the contactless reader/writer 64.

In the embodimeﬁt described here, communication is
stopped when no RF tag is traveling within a predetermined speed
range. This improves the power consumption.

(Embodimeﬁt 18)

In the‘ description of the present embodiment, like parts
té Embodiment 14 or 16 are designated by like numerals, and
hence detailed description is omitted. The difference from
Embodiment 14 or 16 is that the contactless reader/writer 64

detects the positions and the speeds of a plurality of RF tags
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present within the communication area of the contactless
reader/writer 64, and then communicates solely with RF tags
" present within a desired afea and traveling at a desired
traveling speed.

In FIG. 16, the packages 6la, 61b, and 6lc are traveling
at the traveling speed 10 m/s of the conveyor belt 65, while
the packages 62a and 62b are traveling at a speed of 5 m/s and
at a speed of 5 m/s, respectively.

The operation is deécribed below for the communication
system for RF tags having this configuration.

Asanexample,describedbelowisthecasethétthedesired
area is assumed to be on top of the conveyor belt 65 and that
communication is to be performed solely with RF tags on packages
traveling at a speed of 10 m/s. First, the radar section 6
in the contactless reader/writer 64 detects the position and
speed information of all the RF tags present around ' the
contactless reader/writer 64. The detection area of the
contactless reader/writer 64 depends on the communication
achievable distance of the contactless reader/writer 64.

The;packaées 6la, 61b, and 61lc are placed on the conveyor
belt 65, and traveling at a speed of 10 m/s. Thus, the CPU
4 outputs direction information of the packages 6la, 61b, and
6lc to the antenna section 11 so that the antenna section 11
directs the radiated wave toward that direction. As such, when

the radiated wave is directed to the area where the packages
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6la, 61b, and 61lc placed on the conveyor belt 65 and traveling
at a speed of 10m/s are present, communication is not performéd
" with packéges such as 62a and 62b outside the area. This
configuration is advantageous, for example, in the case that
information is to be written solely into RF tags having a
predetermined speed and present within a predetermined area.

As such, communication with RF tags can be controlled
dependingonthespeedandtheareaoftheRFtags. Thisprevents
erroneouscommunicationvﬁjﬂlRFtagsIuﬂ:havingeapredetermined
speed and not present within a predetermined area.

Further, the position information is detécted for all
the RF tags present around the contactless reader/writer 64.
Then, the information of RF tags traveling at a predetermined
speedandpresentwithinapredeterminedareaissolelyvalidated.
An example of a validity process is that when the identification
information of RF tags is to be acquired and processed, the
information of the other (not valid) RF tags is set as invalid.
A specific example of an invalid process is that the information
is discarded so that the information of the desired RF tags
is solely obtained. Then, for example, the information of the
necessary and desired RF tags may solely be transmitted to an
éxternal device or the like.

As such, communication with RF tags can be controlled
depending on a desired communication area and the speed of RF

tags. Thus, for example, at the time of abnormality such as
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stoppage caused by a failure in the conveyor belt 65,
communicationwithRF tagsmaybe stopped. Thisensures further
. the control of the communication with RF, tags described in
Embodiments 14 and 16 where the communicationof the contactless
reader/writer 64 is stopped depending on the situation.

(Embodiment 19)

In the description of the present embodiment, like parts
to Embodiment 15 or 17 are designated by like numerals, and
hence detailed description is omitted. The difference from
Embodiment 15 or 17 is that the contactless reader/writer 64
detects the positions and the speeds of a plurality of RF tags
present within the communication area of the contactless
reader/writer 64 so that communication by the contactless
reader/writer 64 is stopped when no RF tag is present within
a desired area or alternatively when no RF tag is traveling
at a desired traveling speed.

In FIG. 16, the packages 6la, 6lb, and 6lc are traveling
at the traveling speed 10 m/s of the conveyor belt 65, while
the packages 62a and 62b are traveling at a speed of 5 m/s and
at a speed of 5 m/s, respectively.

The operation is described below for the communication
éystem for RF tags having this configuration.

As an example, described below is the case that
communication is to be performed solely with RF tags on packages

present on the conveyor belt 65 and traveling at a speed of
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20 m/s. First, the radar section 6 in the contactless
reader/writer 64 detects the position and speed information
- of all the RF tags present around the contactless reader/writer
64. The detection area of the contactless reader/writer 64
depends on the communication achievable- distance of the
contactless reader/writer 64.

Then, when no RF tag in the area where the conveyor belt
65 is present is detected by the radar section 6 or alternatively
when no RF tag traveling at a traveling speed equal to 20 m/s
is detected, the CPU 4 outputs an operation stop signal to the
transmission and reception section 5 so that the‘transmission
and reception section 5 stops the transmission and reception
operation. This reduces the power consumption in the
contactless reader/writer 64.

As such, communication of the contactless reader/writer
64 is stopped when no RF tag ispresent ina desired communication
area or when no RF fag is traveling within a predetermined speed
range. This improves further the power consumption than in
Embodiments 15 and 17.

(Embodimént 20)

In the description of the present embodiment, like parts
t'o Embodiment 14 are designated by like numerals, and hence
detailed description is omitted. The difference from
Embodiment 14 is that communication is performed with

determining order of communication for a plurality of RF tags
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to be communicated.

In FIG. 16, the packages 6la, 61b, and 6lc are placed
‘on the conveyor belt 65 and present in mutually different
positions.

- The operation is described below for the communication
system for RF tags having this configuration.

As an example, described below is the case thét
communication.isjperformed\ﬂith.thejpackages 6la, 6lb, and 6lc
that are being moved by the conveyor belt 65.

First, the radar section 6 in the contactless
reader/writer 64 detects the position information of the RF
tags attached to the packages 6la, 6lb, and 6lc present on the
conveyor belt 65. The detection area of the contactless
reader/writer 64 depends on the communication achievable
distance of the contactless reader/writer 64.

Then on the basis of the detected position information
of the packages 6la, 61lb, and 6lc, the CPU 4 determines the
order of performing communication indicatingwhichRF tagshould
first be communicated and the like. For example, ip the case
thatthecommuniéationis1x>beperformed511theorderstarting
at the package 6la that is nearest to the contactless
reader/writer 64 and ending at the farthest package 61c so that
the communication is to be ensured starting at the RF tag with
a small distance attenuation for the radio wave, the CPU 4 first

outputs to the antenna section 11 the direction information
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of the package 6la that is nearest to the contactless
reader/writer 64. Then, the antenna section 11 directs the
"radiated wave toward that direction and then performs
communication. Whenthecommunicationwiththenearestpackage
6la is completed, the CPU 4 outputs to the antenna section 11
the direction information of the package 61b that is the second
nearest to the contactless reader/writer 64 so that the antenna
section 11 directs the radiated wave toward that direction and
then performs communication. After that, the same process is
repeated until the communication with all the packages 61 is
completed. When the communication with the sécond nearest
package 61b is ‘completed, the CPU 4 in the contactless
reader/writer 64 outputs the direction information of the
package 6lc that is farthest from the antenna section 11 so
that the antenna section 11 directs the radiated wave toward
that direction and then performs communication.

As such, incontrast totherelatedartwhere communication
has been performed in the order starting at one having
established communication first among a plurality qf RF tags,
the order of communication can be controlled depending on the
positions of the RF tags according to the present embodiment.
fhis ensures communication.

(Embodiment 21)

In the description of the present embodiment, like parts

to Embodiments 1 through 6 are designated by like numerals,
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and hence detailed description isomitted. The difference from
Embodiments 1 through 6 is that a display unit 71 is provided
- for displaying the information such as the position and the
speed of the RF tag 1 or the obstacle 2 calculated by the
contactless reader/writer 3.

FIG. 17 is a diagram showing the schematic configuration
of the communication system for RF tags of the present embodiment.
In FIG. 17, numeral 71 indicates the displayunit for displaying
position information, speed information, and the like of the
RF tag 1 or the obstacle 2 outputted from the CPU 4.

The operation is described below for the éommunication
system for RF tags having this configuration. First, the radar
section6inthecontactlessreader/writer3 detects theposition
and speed information of the RF tag 1 or the obstacle 2 present
around the contactless reader/writer 3.

Then, the CPU 4 outputs the position information and the
speed information of the RF tag 1 or the obstacle 2 obtained
by the radar section 6 té the display unit 71 connected to the
contactless reader/writer. The displayunit 71 disp‘lays these
information piéces.

FIG. 18 shows an example of display on fhe display unit
7‘1. In FIG. 18, position information is plotted on a radar
chart, while the traveling speed information is given
numerically.

As such, when the position information, the speed
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information, and the like of the RF tag 1 or the obstacle 2
is displayed on the display unit 71, an operator or the like
© can be notified visually so as to recognize the communication
environment at a glance.

The display unit 71 may be built into the contactless
reader/writer 3, or alternatively may be constructed as an
external device connected to the contactless reader/writer 3.

An example of the display unit 71 is a liquid crystal
display. |

(Embodiment 22)

In the description of the present embodimeﬁt, like parts
to Embodiments 1 through 6 are designated by like numerals,
and hence detailed description is omitted. The difference from
Embodiments 1 through 6 is that a speaker 72 is provided for
outputting as a sound.tﬁe information such as the position and
the speed of the RF tag 1 or the obstacle 2 calculated by the
contactless reader/writer 3. |

FIG. 19 is a diagram showing the schematic configuration
ofthecommunicationsystemforRFtagsofthepresentgmbodiment.
In FIG. 19, nuﬁeral 72 indicates a speaker for outputting as
a sound the information acquired from the CPU 4.
| The operation is described below for the communication
system for RF tags having this configuration. First, the radar
section6inthecontactless reader/writer 3detects theposition

information and the speed information of the RF tag 1 or the
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obstacle 2 present around the contactless reader/writer 3.

Then, the CPU 4 outputs the position information-and the
speed information of the RF tag 1 or the obstacle 2 obtained
by the radar section 6, as a sound signal through the speaker
72 connected to the contactless reader/writer 3.

For example, when the obstacle 2 is detected in the
communication area and expected to affect the communication
with the RF tég 1, a beep is outputted from the speaker 72.

As such, since the position information of the RF tag
1 or the obstacle 2 is notified as sound, even when the operator
leaves the site, the communication environment is notified as
a sound.

The speaker 72 may be built into the contactless
reader/writer 3, or alternatively may be constructed as an
external devic;e connected to the contactless reader/writer 3.

Since communication is performed with the RF tag 1 present
within a predetermined area or distance as described above,
for example, when the system is applied to a ticket gate machine
such as that for a train, communication is performed with a
ticket or the RF tag 1 having a commuter pass function which
is present in a predetermined position relative to the ticket
éate machine. This avoids crosstalk with the other RF tags
1. The RF tag 1 may be formed in a card shape, a coin shape,
or any other shape suitable for usage.

This application is based on Japanese Patent Application

73



WO 2005/103755 PCT/JP2005/008101

No. 2004-126588 filed on April 22, 2004, which is incorporated

herein by reference.

Industrial Applicability

- In a reader/writer for contactless type information
storage carriers according to the invention, the system can
be optimized in real time and hence is useful as a reader/writer

forcontactlesétypeinformationstoragecarriersandthelike.
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CLAIMS
+ 1. A cdntactless reader/writer comprising:

a transmission section for transmitting a plurality of
transmission signals using carrier waves of different
frequencies;

a reception section for receiving a plurality of reply
signals which are a response to a plurality of transmission
signals transmitted by the transmission section;

a phase calculatioﬁ section for calculating phase data
of the reply signals on the basis of the reply signals; and

adistancecalculationsectionforcalculatingadistance
to an object having returned the reply signal, on the basis

of the phase data from the phase calculation section.

2. The contactless reader/writer according to claim 1,
wherein whether the object is an RF tag or an obstacle is
determined on the basis of whether data is contained in the

reply signal or not.

3. The contactless reader/writer according to claim 1,

wherein the transmission section is an array antenna.

4. The contactless reader/writer according to claim 1,
wherein the transmission section comprises an antenna section

having directivity and an antenna driving section for moving
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the antenna section.

"~ 5, The contactless reader/writer according to claim 1,
further comprising a control section for controlling a
transmissiondirectionof the transmission signals transmitted
from the transmission section,

wherein the control section calculates the position of
the object on the basis of the transmission direction and the
calculationresultofthedistancecalculationsection,whereby
on the basis of the calculated position of the object and the
transmission direc£ion of the transmission sighals from the
transmission section, the transmission direction of the
transmission signals from the transmission section is directed

to the position of the object.

6. The contactless reader/writer according to claim 1,
further comprisingacontrol section for performinggaincontrol
forthefransmissionsignalstransmittedframthetxansmission
section on the basis of the calculation result of'the distance

calculation section.

7. The contactless reader/writer according to claim 1,
further comprising a control section for controlling a
transmissiondirectionof the transmission signals transmitted

from the transmission section,
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wherein positions of a plurality of the objects are
calculated on the basis of the transmission direction and the
‘calculationresultof thedistancecalculation section, whereby
gain control for the transmission signals transmitted from the
transmission section is performed on the basis of the positions

of a plurality of the objects.

8. The coﬁtactless reader/writer according to claim 1,
further comprising a control section for controlling a
transmissiondirection of the transmission signals transmitted
from the transmission section, |

wherein positions of a plurality of the objects are
calculated on the basis of the transmission direction and the
calculationresult of thedistance calculation section, whereby
wavelength control for the transmission signals transmitted
from the transmission section is performed on the basis of the

positions of a plurality of the objects.

9. The contactless reader/writer according tq claim 1,
further comprising a display section for displaying position

information and/or speed information of an object.

10. The contactless reader/writer according to claim 1,
further comprising a sound output section for outputting

position information and/or speed information of an object with
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sound.

S 11, A contactless reader/writer comprising:

a transmission section for transmitting a plurality of
transmission signals using carrier waves of different
frequencies;

a reception section for receiving a plurality of reply
signals which.are a response to a plurality of transmission
signals transmitted by fhe transmission section;

a phase calculation section for calculating phase data
of the reply signals on the basis of the reply‘signals; and

a speed calculation section for calculating a frequency
component of baseband signals on the basis of the baseband
signals acquired from the received signal, and thereby
calculating a traveling speed of an object having returned the

reply signal on the basis of the frequency component.

12. The contactless reader/writer according to claim 11,
wherein whether the object is an RF tag or an obstacle is
determined on the basis of whether data is contained in the

reply signal or not.

13. The contactless reader/writer according to claim 11,

wherein the transmission section is an array antenna.

78



WO 2005/103755 PCT/JP2005/008101

14. The contactless reader/writer according to claim 11,
wherein the transmission section comprises an antenna section
" having directivity and an antenna driving.section for moving

the antenna section.

15. The contactless reader/writer according to claim 11,
further comprising a display section for displaying position

information and/or speed information of an object.

le6. The contactless reader/writer according to claim 11,
further comprising a sound output section for outputting
position information and/or speed information of an object with

sound.

17. A contactless reader/writer comprising:

a transmission section for transmitting a plurality of
transmission signals using carrier waves of different
frequencies;

a reception section for receiving a plurality of reply
signals which are a response to a plurality of transmission
signals transmitted by the transmission section;
| a phase calculation section for calculating phase data
of the reply signals on the basis of the reply signals;

adistance calculationsection for calculatingadistance

to an object having returned the reply signal, on the basis
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of the phase data from the phase calculation section and/or
a speed calculation section for calculating a frequency
" component of baseband signals on the basis of the baseband
signals acquired from the received signal, and thereby
calculating a traveling speed of an object having returned the
reply signal on the basis of the frequency component; and

a control section for controlling a transmission
direction of the transmission signals transmitted from the

transmission section.

18. The contactless reader/writer according.to claim 17,
whereinthe control sectioncalculates thepositionof theobject
on the basis of the transmission direction and the calculation
results of the distance calculation section and/or the speed

calculation section.

19. The contactless reader/writer according to claim 17,

wherein the transmission section is an array antenna.

20. The contactless reader/writer according to claim 17,
wherein the transmission section comprises an antenna section
having directivity and an antenna driving section for moving

the antenna section.

21. The contactless reader/writer according to claim 17,
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wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and the calculation
resultof thedistancecalculation section, wherebyamodulation
method for the transmission signals transmitted from the
transmission section is changed on the basis of the positions
of a plurality of the objects and/or the speeds of a plurality

of the objects.

22. The contactless reader/writer according to claim 17,
wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and tﬁe calculation
result of the distance calculation section, whereby a packet
size of the transmission signals transmitted from the
transmission section is changed on the basis of the positions
of a plurality of the objects and/or the speeds of a plurality

of the objects.

23. The contactless reader/writer according to claim 17,
wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and the calculation
result of the distance calculation section, whereby a coding
n‘lethod for the transmission signals transmitted from the
transmission section is changed on the basis of the positions
of a plurality of the objects and/or the speeds of a plurality

of the objects.
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24. The cbntactless reader/writer according to claim 17,
"wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and the calculation
result of the distance calculation section, and after that a
transmission signal is transmitted to a desired object so that
communication is performed with the object.

25. o The contactless réader/writer according to claim 17,
wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and thé calculation
result of the distance calculation section, whereby a reply

signal from an object in a desired position is validated.

26. The contactless reader/writer according to claim 17,
wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and the calculation
result ~of the distance calculation section, whereby
communication with objects is stopped when no object ‘is present

within a desired area.

27. The contactless reader/writer according to claim 17,
wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and the calculation

result of the distance calculation section, whereby a
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transmission signal is transmitted to an object moving at a

desired speed so that communication is performed.

28. The contactless reader/writer according to claim 17,
wherein positions of a plurality of the.objects are calculated
on the basis of the transmission direction and the calculation
result of the distance calculation section, whereby a reply

signal from.aﬁ object moving at a desired speed is validated.

29, The contactless reader/writer according to claim 17,
wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and the calculation
re'sult of the distance calculation séction, whereby
communication is stopped when no object is moving at a désired

speed.

30. The contactless reader/writer according to claim 17,
wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and the calculation
result of the distance calculation section, whereby
communication is performed solely with an object present within

a desired area and moving at a desired speed.

31. The contactless reader/writer according to claim 17,

wherein positions of a plurality of the objects are calculated
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on the basis of the transmission direction and the calculation:
result of the distance calculation section, whereby a reply
" signal from an object present within a desired area and moving

at a desired speed is validated.

32. The contactless reader/writer according to claim 17,
wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and the calculation
result of the distanée calculation section, whereby
communication is stopped when no object is present within a

desired area or when no object is moving at a desired speed.

33. The contactless réader/writer according to claim 17,
wherein positions of a plurality of the objects are calculated
on the basis of the transmission direction and the calculation
result of the distance calculation section, whereby
communication is performed sequentially starting with one
having the nearest distance among a pluraiity of the objects,
or alternatively communication is performed sequentially

starting with one having the farthest distance.
34. The contactless reader/writer according to claim 17,

further comprising a display section for displaying position

information and/or speed information of an object.
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35. The contactless reader/writer according to claim 17,
further comprising a sound output section for outputting
"position information and/or speed information of an object with

sound.

36. A contactless reader/writer comprising:

a transmission section for transmitting a plurality of
transmission ‘signals using carrier waves of different
frequencies; |

a reception section for receiving a plurality of reply
signals which are a response to a plurality of-transmission
signals transmitted by the transmission section;

a phase separation section for separating a phase
component from each of a plurality of the received signals;
and

adistancecalculationsectionforcalculatingacﬁstance
to an object having returned the reply signals, on the basis
of the phase components of a plurality of received signals

separated by the phase separation section.

37. A contactless reader/writer comprising:

a transmission section for transmitting a plurality of
transmission signals using carrier waves of different
frequencies;

a reception section for receiving a plurality of reply
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signals which are a response to a plurality of transmission
signals transmitted by the transmission section;

a phase separation section for separating a phase
component from each of a plurality of the received signals;
and

a speed calculation section for calculating a frequency
component of baseband signals on the basis of the baseband
signals aéquired. from the received signal, and thereby
calculating a traveling sbeed.ofenlobjectIhaving'returned.the

reply signals on the basis of the frequency component.

38. | A contactless reader/writer comprising:

a transmission section for transmitting a plurality of
transmission signals using carrier waves of different
frequencies;

a reception section for receiving a plurality of reply
signals which are a response to a plurality of transmission
signals transmitted by the transmission section; |

a phase calculation section for calculating phase data
of the reply signals on the basis of the reply signals;

a data extraction section for receiving an output of the
phase calculation section; and

adistance calculationsection for calculating adistance
to an object having returned the reply signal, on the basis

of the output data of the phase calculation section and a phase
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detection signal outputted from the data extraction section.

“39. A contactless reader/writer comprising:

a transmission section for transmitting a plurality of
transmission signals using carrier waves of different
frequencies;

a reception section for receiving a plurality of reply
signals which are a response to a plurality of transmission
signals transmitted by the transmission section;

a phase calculation section for calculating phase data
of the reply signals on the basis of the reply.signals;

a data extraction section for receiving an output of the
phase calculation section; and

a speed calculation section for calculating a frequency
component of baseband sigﬁals on the basis of the baseband
signals acquired from. the received signal, and thereby
calculating a traveling speed of an object having returned the

reply signal on the basis of the frequency component.

40. A contacfless reader/writer comprising:

a transmission section for transmitting one transmission
signal in which a carrier frequency is continuously changed
as a function of time;

a reception section for receiving a reply signal which

is a response to the transmission signal transmitted by the
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transmission section; and

a distance calculation section for calculating a
" frequency component of baseband signals on the basis of the
baseband signals acquired from the received signal, then
calculating a differencé frequency between a frequency of the
transmission signal and a frequency of the received signal on
the basis of the frequency component, and~thereby calculating
a digtance to an object having returned the reply signal on

the basis of the difference frequency component.

41. A contactless reader/writer comprising:

a transmission section for transmitting one transmission
signal in which a carrier frequency is continuously changed
as a function of time;

a reception section for receiving a reply signal which
is a response to the transmission signal transmitted by the
transmission section; and

a speed calculation section for calculating a frequency
component of baseband signals on the basis of the baseband
signals acquired from the received signal, then calculating
a difference frequency between a frequency of the transmission
éignal and a frequency of the received signal on the basis of
the frequency component, and thereby calculating a traveling
speed of an object having returned the reply signal on the basis

of the difference frequency component.
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FIG. 13
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