[Document Name] Detailed Description

[Title of Invention] Contactless Identification System, Method of
Contactless Identification, and Antenna Coil

[Detailed Explanation of Invention]

[0001]

[Technology category to which the invention belongs]

This invention relates to a contactless identification system for logistic
systems, goods management systems, etc., an antenna coil and a contactless
identification means to be utilized for the contactless identification system.

[0002]

[Conventional technology}

Conventionally, a logistic system or a goods management system of this
kind already exists, e.g. a library management system handling the checkout
and return of a book.

[0003]

In such a system, a management tag (data carrier) is fixed with paste or the
like on each of the books to be managed by the library, and when a checkout
or return process is taken, the book is set on the predetermined position near
the antenna of the identification device. Data transmission then takes place
between the tag and the antenna of the identification device by such
transmission means as disclosed by Patent No. 2683305, for example. That
is to say, a transmission signal, generated by modulation of the set carrier
frequency, is sent from the antenna of the identification device to the tag.
The tag performs reading/writing, as well as electric power supply receipt,
in accordance with the signal transmitted from the identification device
antenna. Transmission then takes place by the so-called Load Switching
Method in which the required data may be sent out from the tag to the
antenna of the identification device by altering the load impedance of the
antenna on the tag, in accordance with the read-out data on the tag side.

[0004] .

In this manner, the book checkout and return process is carried out via
antenna-tag transmission, once the identification device has obtained the
necessary information through the antenna .

[0005]

[Subject to be solved by the invention]
However, the following problems exist with the abovementioned
conventional technology.
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[0006]

When a number of books pile up, the intervals between the tags fixed on
the books also pile up.

When transmission is performed between the fixed antenna and the multiple
tags in such arrangement, some tag distances from the antenna are longer
than others and thus bear insufficient transmission distance. Figure 9 shows
magnetic lines generated by the fixed antenna coil. In such a magnetic field,
the magnetic force at each of points A, B, C, D and E, where the multiple
tags are positioned at various distances from the antenna coil, are shown by
the length of the magnetic vector. (All tags are assumed to be positioned
parallel to the antenna coil) Here, the tag at point A crosses over the
maximum magnetic force generated in the antenna coil, and maximum
energy is supplied to the tag. The farther a crossing point lies from the
antenna coil along the line intersecting the antenna coil at right angles, such
as points B and C, the weaker the magnetic force becomes, the weaker the
energy supplied to the coil. Also, the farther a crossing point lies from the
center of the antenna coil along the lines parallel to the antenna coil, such as
points D and E, the weaker the component of the magnetic force crossing
over the tag becomes, the weaker the energy supplied to the coil. Figure 10
‘shows different levels of electric power at different amplitudes, as supplied
to a tag at each point. In this manner, some of the multiple tags, positioned
at various distances from the fixed antenna, are at an insufficient distance
for transmission. For this reason, the conventional technology suffered from
not being able to read all tags accurately.

[0007]
Another problem with the conventional technology was that multiple tags
could not be read accurately at once, as mutual interference between the tags
fixed on the books lowered the resonance frequency of the tags.

[0008]

In order to resolve the problem, one known method is to preset tag
resonance frequencies to higher frequencies. However, a discrepancy occurs
between the tag resonance frequency and the antenna of the identification
device, such that the transmission distance deteriorates considerably and
results in an insufficient reading of all multiple books in the pile.

[0009]

This invention resolves the abovementioned problems caused by the
- conventional technology. The purpose of this invention is to provide the
contactless identification system and the antenna coil with reliable
transmission for multiple tags.

[0010]
[Means to Resolve the Problems] _
The invention to achieve the said purpose relates to a contactless
identification system comprising a data carrier to be attached to the goods,



and an antenna section to transmit with the said data carrier, where the
antenna section includes an antenna coil with an opening to accommodate
the said goods.

[0011]
Also, the system may -comprise a guidance means to guide transfer of the
said antenna coil against the said goods set at the predetermined position so
that the said goods pass through the said opening.

[0012]
Also, the system may comprise an antenna transfer means to transfer the
said antenna coil against the said goods set at the predetermined position so
that the said goods pass through the said opening. ‘

[0013]
Also, the system may comprise a goods transfer means to transfer the said
goods against the antenna coil set at the predetermined position so that the
said goods pass through the said opening.

[0014]

Also, this invention relates to the data carrier to be attached to the goods
and the antenna coil composing the said antenna section to be utilized for
the contactless identification system, in which the identification device
possesses an antenna section to transmit with the said data carrier, the
antenna coil possessing an opening to accommodate the said goods.

[0015]

Also, this invention relates to the contactless identification means to
identify the said goods by performing transmission between the data carrier
attached to the goods and the antenna coil possessing an opening, including
a step to perform transmission with the said data carrier after relative
transfer of the said goods and the antenna coil, so that the data carrier
attached to the said goods passes through the said opening.

[0016]
Also, the step to relative transfer the said goods and the antenna coil and to .
perform transmission with the said data carrier includes a step to set the said
goods at the predetermined position and a step to transfer the said antenna
coil so that each data carrier attached to the said goods passes through the
said opening.

[0017]

Also, the step to transfer the said antenna coil includes a step shaking the
antenna coil around a shaft supporting the antenna coil thereon with room
allowed for shaking, so that each of the data carriers attached to the said
goods passes through the said opening.



[0018]
Also, the step to relative transfer the said goods and the antenna coil and to
perform transmission with the said data carrier, includes a step to transfer
the said goods against the antenna coil set at the predetermined position so
that each data carrier attached to the said goods passes the said opening.

[0019]

[Practical Configurations of the Invention]

The appropriate practical configurations of the invention, with reference to
illustrated figures, are explained below.

[0020]

(The first practical configuration)
The first practical configuration, with reference to illustrated figures, is
explained below.

[0021]

Figure 1 shows a model of the entire identification device composition
outside the contactless identification system;
Figure 2 is the block diagram showing approximate section compositions of
the same identification device. = '

[0022]

The identification device 1 is mainly comprised of an antenna section (2),
an amplifier section (3), a controller section (4), and a PC (5) (personal
computer). '

[0023]

Figure 3 shows the composition of the antenna section (2). The antenna
section (2) comprises an antenna coil (10) and a matching circuit (11). The
antenna coil (10) has a square shape and is made of metal pipe or wire
material. Both edges of the antenna coil (10) are extended out in paralle]l and
are connected to the amplifier section (3) by coaxial cable through the
matching circuit (11). In case the matching circuit (11)- antenna coil (10)
cable is short, the matching circuit (11) may be integrated into the amplifier
section (3) for the composition, in which case the antenna section (2) will
only be composed of antenna coil (10). The matching circuit (11) is to
match the impedance of the amplifier connecting the feeder, section (3),
with the impedance of the antenna coil (10), and between the two signal
wirings extending from the antenna coil (10) that are provided with two
variable capacitors C1 and C2 connected in series, with a grounded junction.
As shown in Figure 4, the antenna coil (10) and the matching circuit (11) are
supported by the low permittivity square antenna frame to avoid the
influence of parasitic capacitance. The opening (13) is formed at the center
of the antenna coil (10) and the antenna frame (12), through which the
object for transmission, i.e. books attached with the tag, can pass.



[0024]

The amplifier section (3) is mainly comprised of a modulating circuit (15),
a transmitting section (16), a receiving section (17), a demodulating circuit
(18), and an input/output IF (19) (interface). The modulating circuit (15) is
to modulate the high frequency generated by the oscillator circuit, which is
not illustrated, in response to data or command output from the CPU (20) of
the controller section (4). In the transmitting section (16), the modulated
signal from the modulating circuit (15) is amplified by the amplifier, which
is not illustrated, to drive the antenna coil (10). The signal received by the
antenna section (2) is led through the receiving section (17) to the
demodulating circuit (18) to be demodulated. The input/output IF (19)
controls signals to and from the controller section (4).

[0025]

The controller section (4) is mainly comprised of a CPU (20), a memory
(21), and an input/output.IF (22) and (23). The CPU (20) controls data
writing or reading on the tag (30). The memory (21) stores data, etc., to be
used for programming and processing to control transmission with the tag
(30). The input/output IF (22) controls the signals to and from the amplifier
section (3), and the input/output IF (23) controls the signals to and from the
PC (5), which is the host device.

[0026]

The PC (5) mainly includes an indication section such as display, etc., an
input section such as keyboard, etc., a CPU to calculate and judge processes,
a memory section with RAM (random access memory), to store programs
and data, and ROM (read only memory), etc., and auxiliary devices such as
HD (hard disks). Controller section (4) control, processing data obtained
from the tag, and other information is also displayed. Signals are transmitted
between the PC (5) and the controller section (4) by a serial interface,
RS232C for example.

[0027)
Figure 5 is a block diagram for approximate composition of the tag (data
carrier) out of the contactless identification system. The tag (30) mainly
comprises an antenna coil (31), a transmitting/receiving section (32), a
power circuit (33), a demodulating circuit (34), a modulating circuit (35), a
memory control section (36) and a memory (37). The signal received by the
antenna coil (31) from the identification device (1), is led through the
transmitting/receiving section (32) to the power circuit (33) where electric
power is obtained to drive the sections in the device. The signal received by
the antenna coil (31) from the identification device (1)is also led through the
transmitting/receiving section (32) to the demodulating circuit (34), and the
signal demodulated therein is transferred to the memory control section
(36). The memory control section (36) is connected by bus with the memory
(37) where the data is written or read in accordance with the command or
date provided by the controller section (4). The data read out from the
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memory (37) is led through the modulating circuit (35) to the
transmitting/receiving section (32) to drive the antenna coil (31). In case
transmission with the identification device is performed in the load
switching method, a modulating circuit is composed with a resistor and a
switching element such as FET, etc., in serial connection, to be further
connected in parallel with the antenna coil (31), which then enables
alteration in the load of the antenna coil by the switching element and
transmits the data to the identification device.

[0028]
The identification means of goods using this system are explained below.

[0029]
First, set the multiple books (40) attached with a tag in a pile at the
predetermined position. At this time, each of the tags is pasted onto the rear
face, etc., of the books, and positioned in parallel with the mutual intervals.

[0030]

Next, as shown in Figure 6, the antenna section (2) should be transferred
from above to below the piled books so that the piled books (40) pass
through the opening (13) at the center of the antenna coil (31).

[0031]

In this manner, each tag on the books (40) crosses a sufficiently strong
magnetic force vector in the direction intersecting the inside face or adjacent
to the center of the antenna coil (10) at right angles. Therefore, required
power is supplied to each of the tags (30), regardless of position, and all tags
(30) can be read accurately. In addition, if interference among the tags
causes a discrepancy in the resonance frequency, the antenna coil (10) and
each tag (30) become more closely connected by means of the moving
antenna coil (10), enabling an accurate reading of each tag (30).

[0032]

This method further enables the elimination of such manual work as
reading the bar code from a label on a book using a hand scanner, and
checkout or return process of plural books as it is completed in one.

[0033]

The transfer of the antenna section (2) may carried out by manual
operation, in which an operator holds the antenna section (2) to be
transferred or by such additional antenna transfer means to transfer the
antenna section (2), with a motor driven pinion incorporated in the antenna
section (2) or with a meshing rack incorporated on the table, respectively.

[0034] .
Also, with the fixed antenna coil (10) and a transferable table installed for
goods transfer means on which the books are piled, the books may pass



through the opening (13) of the antenna coil (10) when the transferable table
is transferred.

[0035]
(The second practical configuration)

Figure 7 shows the antenna section (2) in the contactless identification
system related to the second practical configuration. The same symbols are
used as in the first formation, for the same composition, and explanations
are omitted.

[0036]

The antenna section (2), while being transferred, is held approximately
parallel against the face on which books are set in the first practical
configuration, although the edge of the antenna frame (12) is supported by a
shakable structure with hinges (guiding means) in this practical
configuration.

[0037]
The identification means of goods using this system is explained below.

[0038] ' - :
First, multiple books (40) with an attached tag should be set in a pile at the
predetermined position. The number of readable tags (30) is limited to the
extent that the antenna section (2) can be opened/closed with the piled
books (40) set at the position.

[0039]

With the books (40) set at the position, the open antenna section (2} is to be
closed in the arrowed direction. At this time, the position of the piled books
(40) is designed so that the books (40) pass through the opening (13) at the
center of the antenna coil (10).

[0040]
During the closing of the antenna section (2), all tags (30) attached to books
(40) cross with the strong magnetic force vector in the direction intersecting
at right angles against the inside face or adjacent to the center of the antenna
coil (10). Here, the strength of the magnetic force vector in the direction
intersecting at right angles against the tag (30) differs according to the angle
between the tag (30) and the antenna coil (10).

[0041]

The antenna section (2) may be transferred in the opening direction from
the face parallel to the piled books, in the reverse direction of the said
closing direction.

[0042]
(The third practical configuration)



Figure 8 shows the antenna section (2) in the contactless identification
system related to the third practical configuration. For the same composition
ag in the first formation, the same symbols are used, and explanations are
omitted.

[0043]

The antenna coil (10) is inclined in this formation against the face of the
piled books, although in the first practical configuration, the antenna section
(2) is transferred while being held approximately parallel to the face of the
piled books.

[0044]

The antenna coil (10) is supported on the upper surface (412) of the rack
(41) inclined with the lower end coming forward to the user. (Here, the
antenna section (2) comprises the antenna coil (10) and the rack (41).) A
concavity {42) with an opening is created on the upper surface part of the
rack (41). The antenna coil (10) may be embedded in the rack (41), not
limited to the upper surface (41a) of the rack (41). Alternatively, the
concavity (42) may be bored on part of the extended surface panel of the
rack.

[0045]
The identification means of this system is explained below.

[0046]

The user should pile the multiple books (40) with tags (30) attached, and
insert the piled books (40) into the concavity from the front or the upper
side of the rack (41) to place them at the predetermined position on the
bottom face. While placing the books (40) on the bottom face in the
concavity, the tags attached on the books cross the magnetic field generated
by the antenna coil (10), and the tag information is read by the antenna coil

(10).

[0047]

The antenna coil (10) has a square shape in the said practical
configurations, but may be in the shape of a circle etc., but not limited to
these, provided an opening is provided at the center.

[0048]
Also, in the said practical configurations, tags (30) are fixed onto books but
these may also be used in applications such as rental/return of video tapes,
CD’s (compact disks), DVD’s, etc.

[0049]

[The effect of the invention]
As explained above, even if multiple data carriers are placed with intervals



between them, this invention allows data carriers to pass through the
opening at which the rnaghetic field is strongest as generated by the
identification device antenna coil, and reliable transmission is accomplished
without data carrier transmission distance insufficiencies. In addition, even
if the resonance frequency fluctuates, as the data carrier is transferred
through the strongest magnetic field at the opening of the antenna coil, the
antenna coil and the data carrier become more closely connected, enabling
reliable transmission.

[Outlines of Figures]

[Figure 1]
Figure 1 shows the entire composition of the identification device of the
contactless identification system related to the practical formations of this

invention.

[Figure 2]
Figure 2 shows the outlined composition for each section of the contactless
identification system identification device related to the practical formations

of this invention.

[Figure 3]
Figure 3 shows the composition of the antenna section.

[Figure 4]
Figure 4 shows the outlook composition of the antenna section.

[Figure 5]
Figure 5 shows the outlined composition of the tag used in the contactless
identification system related to the practical formations of this invention.

[Figure 6]

Figure 6 shows usage of the contactless identification system related to the -

first practical configuration of this invention.

[Figure 7]
Figure 7 shows usage of the contactless identification system related to the
second practical configuration of this invention.

[Figure 8]
Figure 8 shows usage of the contactless identification system related to the
third practical configuration of this invention.

[Figure 9]
Figure 9 shows a model of magnetic lines, as generated by the fixed
antenna coil.



[Figure 10]

Figure 10 shows differént levels of power supply to the tag at various

positions.

[Explanations of symbols]
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12
13
30
40
41

Identification device
Antenna section
Amplifier section
Controller section
PC

Antenna coil
Matching circuit
Antenna frame
Opening

Tag

Books
Supporting rack
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[Scope of Claims]

[Claim 1] A contactless identification system comprising a data
carrier to be attached to the goods, an identification device possessing an
antenna section to transmit with the said data carrier, and an antenna section
composing the contactless identification system, including an antenna coil
possessing an opening to accommodate the said goods.

[Claim 2] The contactless identification system mentioned in Claim
1 comprises guidance means to guide the transfer of the said antenna coil
against the said goods set at the predetermined position, so that the said
goods pass through the said opening.

[Claim 3] The contactless identification system mentioned in Claim
1 comprises antenna transfer means to transfer the said antenna coil against
the said goods set at the predetermined position, so that the said goods pass
through the said opening.

[Claim 4] The contactless identification system mentioned in Claim
1 comprises goods transfer means to transfer the said goods against the
antenna coil set at the predetermined position, so that the said goods pass
through the said opening.

[Claim 5] An antenna coil composing the said antenna section to be
utilized for the contactless identification system comprising a data carrier to
be attached to the goods and an antenna section to transmit with the said
data carrier, and an antenna coil possessing an opening to accommodate the
said goods.

[Claim 6] The contactless identification means to identify the said
goods by performing transmission between the data carrier to be attached to
the goods and an antenna coil possessing an opening, and the contactless
identification means include a step to perform transmission with the said
data carrier by relative transferring the said goods and the antenna coil, so
that the data carrier to be attached to the said goods passes through the said
opening.

[Claim 7] The contactless identification means mentioned in Claim
6, in which a step to perform transmission with the said data carrier by
relative transferring the said goods and the antenna coil, includes a step to
set the said goods at the predetermined position and a step to transfer the
said antenna coil, so that each data carrier attached to the said goods passes
through the said opening.

[Claim 8] The contactless identification means mentioned in Claim

7, in which a step to transfer the said antenna coil so that each data carrier
attached to the said goods passes through the said opening, includes a step
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shaking the antenna coil around a shaft supporting the antenna coil thereon,
with room allowed for shaking.

[Claim 9] The contactless identification means mentioned in Claim
6, in which a step to transmit with the said data catrier by relative
transferring the said goods and the antenna coil, includes a step transferring
the said goods against the antenna coil held at the predetermined position so
that each data carrier attached to the said goods passes through the said
opening.
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