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RADIO FREQUENCY IDENTIFICATION

READER SYSTEM AND CONTROL METHOD THEREOF

Cross-reference to Related Applications

This application claims the benefit of U.S. Provisional Patent Application No.
61/836,174 filed on June 18, 2013 and Chinese Patent Application No.
201310253761.3 filed on June 24, 2013; the contents of which are hereby incorporated
by reference.

Field of the Patent Application

The present patent application generally relates to radio frequency identification
(RFID) technologies and more specifically to a switchable antenna RFID reader
system, a RFID reader system protection method integrated with the system to protect
the reader system from being damaged, and a method for item direction and location
indication.

Background

Radio-frequency identification (RFID) is the wireless non-contact use of radio-
frequency electromagnetic fields to transfer data, for the purposes of automatically
identifying and tracking tags attached to objects. The tags contain electronically stored
information. An RFID system identifies a tag without establishing a mechanical or
optical contact with the RFID tag. For different types of RFID tags in different
situations, different types of RFID reader systems have been designed to be used.
Hence a user may need to purchase and use multiple RFID reader systems to satisfy
specific application requirements.

Summary

The present patent application is directed to a RFID reader system and a control
method thereof. In one aspect, the RFID reader system includes: a reader body; a
reader module disposed in the reader body; an antenna unit detachably installed onto
the reader body; an antenna detection switch connected with the reader module and
disposed in the reader body; a protection circuit disposed in the reader body; and a
control module connected with the reader module and disposed in the reader body.
When the antenna unit is installed onto the reader body, the reader module is
configured to interrogate and detect an external RFID tag through the antenna unit. The
antenna detection switch is configured to detect whether the antenna unit is installed
onto the reader body, to connect the antenna unit when finding the antenna unit is
properly installed onto the reader body, and to connect the protection circuit when

finding the antenna unit is not properly installed onto the reader body. The control
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module is configured to control the reader module to interrogate an external RFID tag
in a read cycle and transmit information about the RFID tag back to the control
module.

The RFID reader system may further include an antenna unit carrier. The antenna
unit may be installed onto the reader body through the antenna unit carrier, and the
antenna unit carrier may be slidably connected with the antenna unit.

The RFID reader system may further include a control interface and a commu-
nication module connected with the control interface. The control module may be
connected with the control interface. The communication module may be connected
with an external data terminal, and configured to send data to or receive data from the
external data terminal. The communication module may be connected with an external
processing unit, and configured to receive instructions from the external processing
unit.

The RFID reader system may further include an audio and light indicator unit. The
audio and light indicator unit may be connected with the control unit, and configured
to indicate the location of an external RFID tag.

The RFID reader system may further include an antenna type detection circuit. The
antenna unit includes an antenna type circuit, the antenna type detection circuit being
configured to interact with the antenna type circuit and thereby retrieve the antenna
type information.

An RFID tag may be embedded in the antenna unit, and the reader module may be
configured to interrogate the RFID tag embedded in the antenna unit and thereby
retrieve the antenna type information.

In another aspect, the present patent application provides an RFID reader system
including: a reader body; a reader module disposed in the reader body; and an antenna
unit detachably installed onto the reader body. When the antenna unit is installed onto
the reader body, the reader module is configured to interrogate and detect an external
RFID tag through the antenna unit.

The RFID reader system may further include an antenna unit carrier. The antenna
unit may be installed onto the reader body through the antenna unit carrier, and the
antenna unit carrier may be slidably connected with the antenna unit. An antenna dis-
assembly mechanism may be disposed on the reader body and configured to control
the disassembly of the antenna unit, the antenna disassembly mechanism being a
button.

The RFID reader system may further include an antenna detection switch and a
protection circuit both disposed in the reader body. The antenna detection switch may
be connected with the reader module and configured to detect whether the antenna unit

is installed onto the reader body, to connect the antenna unit when finding the antenna



WO 2014/201995 PCT/CN2014/080087

[17]

[18]

[19]

[20]

[21]

[22]

[23]

unit is properly installed onto the reader body, and to connect the protection circuit
when finding the antenna unit is not properly installed onto the reader body.

The RFID reader system may further include a control module connected with the
reader module and disposed in the reader body. The control module may be configured
to control the reader module to interrogate an external RFID tag in a read cycle and
transmit information about the RFID tag back to the control module. The RFID reader
system may further include a control interface and a communication module connected
with the control interface. The control module may be connected with the control
interface. The communication module may be connected with an external data
terminal, and configured to send data to or receive data from the external data terminal.
The communication module may be connected with an external processing unit, and
configured to receive instructions from the external processing unit.

The RFID reader system may further include an audio and light indicator unit. The
audio and light indicator unit may be connected with the control unit, and configured
to indicate the location of an external RFID tag.

The RFID reader system may further include an antenna type detection circuit. The
antenna unit may include an antenna type circuit, the antenna type detection circuit
being configured to interact with the antenna type circuit and thereby retrieve the
antenna type information.

An RFID tag may be embedded in the antenna unit, and the reader module may be
configured to interrogate the RFID tag embedded in the antenna unit and thereby
retrieve the antenna type information.

In yet another aspect, the present patent application provides a method for controlling
an RFID reader system. The RFID reader system includes a reader body; a reader
module disposed in the reader body; and an antenna unit detachably installed onto the
reader body. The method includes: detecting whether the antenna unit is installed onto
the reader body by an antenna detection switch, the antenna detection switch being
connected with the reader module; if yes, connecting the antenna detection switch to
the antenna unit; and if no, connecting the antenna detection switch to a protection
circuit, the protection circuit providing an internal antenna connection for protecting
the reader module from being damaged.

The method may further include interrogating an external RFID tag by the reader
module through the antenna unit. The antenna unit may be installed onto the reader
body. The method may further include reading information from the protection circuit
and sending the information back to a control module by the reader module, when the
antenna unit is not installed onto the reader body, the control module being connected
with the reader module.

Brief Descriptions of the Drawings
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FIG. 1A is a front view of an RFID reader system in accordance with an embodiment
of the present patent application.

FIG. 1B is arear view of the RFID reader system depicted in FIG. 1A.

FIG. 2A illustrates an operation mode of the RFID reader system depicted in FIG.
1A.

FIG. 2B illustrates another operation mode of the RFID reader system depicted in
FIG. 1A.

FIG. 3 is a block diagram of the RFID reader system depicted in FIG. 1A.

FIG. 4 is a block diagram of a communication module and a control interface of the
RFID reader system depicted in FIG. 1A.

FIG. 5 illustrates the RFID reader system depicted in FIG. 1A in operation.

FIG. 6 is a flow chart of a method for controlling the RFID reader system depicted in
FIG. 1A.

Detailed Description

Reference will now be made in detail to a preferred embodiment of the radio
frequency identification reader system and the control method thereof disclosed in the
present patent application, examples of which are also provided in the following de-
scription. Exemplary embodiments of the system and the method disclosed in the
present patent application are described in detail, although it will be apparent to those
skilled in the relevant art that some features that are not particularly important to an
understanding of the system and the method may not be shown for the sake of clarity.

Furthermore, it should be understood that the system and the method disclosed in the
present patent application is not limited to the precise embodiments described below
and that various changes and modifications thereof may be effected by one skilled in
the art without departing from the spirit or scope of the protection. For example,
elements and/or features of different illustrative embodiments may be combined with
each other and/or substituted for each other within the scope of this disclosure.

Referring to FIGS. 1A, 1B, 2A and 2B, a RFID reader system includes a reader body
I and an antenna unit 2. The antenna unit 2 is detachably installed onto the reader body
1. The antenna unit 2 may include antennas of different types and different models,
such as far field antennas, near field antennas, and etc. When required by a user, the
antenna unit 2 that includes the antenna of a specific type and model may be installed
onto the reader body 1. This way, the user does not need to purchase RFID reader
systems of different types and models, thereby saving the cost and being able to con-
veniently use the RFID reader system for different purposes.

Referring to FIGS. 2A and 2B, the RFID reader system in this embodiment further
includes an antenna unit carrier 4. The antenna unit carrier 4 has a shape that is

compatible with the shape of the antenna unit 2. The antenna unit 2 is installed onto the
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reader body 1 through the antenna unit carrier 4. The antenna unit carrier 4 may be
configured corresponding to different types and models of antennas. The part where
the antenna unit carrier 4 connects the reader body 1 may be designed to comply with a
common standard so as to make it convenient to change the antenna unit carrier 4 from
the reader body 1.

The reader body 1 (or the antenna unit carrier 4) is slidably connected with the
antenna unit 2. In the embodiment illustrated by FIG. 2A and FIG. 2B, sliding grooves
are defined at two sides of the antenna unit carrier 4. Sliding blocks are disposed at two
sides of the antenna unit 2. The sliding blocks are configured to slide in the sliding
grooves, so that it is convenient to install and uninstall the antenna unit 2 to and from
the antenna unit carrier 4.

Referring to FIG. 2A and FIG. 2B, an antenna disassembly mechanism is disposed
on the reader body 1 and configured to control the disassembly of the antenna unit 2.
In this embodiment, the antenna disassembly mechanism is a button 3. The antenna
unit 2 can be disassembled from the reader body 1 only when the button 3 is pressed
and the antenna unit 2 is sliding out from the antenna unit carrier 4. Such configuration
prevents the antenna unit 2 from being disassembled unintentionally. Only when the
user is sure that the antenna unit 2 needs to be changed and intentionally presses the
button 3, the antenna unit 2 can be disassembled, and thereby the safety of use is
ensured.

Referring to FIG. 3, from a circuit perspective, the RFID reader system includes an
antenna unit 2, an antenna detection switch 11 that can be connected with the antenna
unit 2, a protection circuit 13 that can be connected with the antenna detection switch
11, a reader module 14 connected with the antenna detection switch 11, a control
module 15 connected with the reader module 14, a control interface 16 connected with
the control module 15, and a communication module 17 connected with the control
interface 16. The antenna unit 2 is configured to detect a context of any RFID tags in
response to interrogation by the RFID reader module 14. The control module 15
includes a programmable micro-controller, and is configured to control the RFID
reader module 14 with a read cycle. In response to the RFID tag’s information
feedback, the RFID reader module 14 is configured to query the tags in air so as to
send the tag information back to the control module 15. The communication module 7
is configured to connect with an external data terminal or any processor unit, and to
receive command or send/receive data to/from the RFID reader system. It is noted that
in this embodiment, the antenna detection switch 11, the protection circuit 13, the
reader module 14, and the control module 15 are all disposed in the reader body 1.

Referring to FIG. 4, the communication module 17 acts as an interface media, to

provide a connection interface using Bluetooth technology, USB technology, Zigbee
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technology, WiFi technology or wireless telecommunication technology (such 2G, 3G,
LTE or etc.), linking up the switchable antenna radio frequency identification (RFID)
reader system and an external unit, which may be an external data terminal or external
processing unit. More specifically, the communication module 17 includes a commu-
nication module interface, a USB module, a Zigbee module, a Bluetooth module, a
WiFi module and a wireless telecom module. The USB module, the Zigbee module,
the Bluetooth module, the WiFi module and the wireless telecom module are
connected with the communication module interface respectively.

The communication module 17 may be connected with an external data terminal, in
which case, the communication module 17 is configured to send data to or receive data
from the external data terminal. Alternatively, the communication module 17 may be
connected with an external processing unit, in which case, the communication module
17 is configured to receive commands or instructions from the external processing unit.

In an embodiment, the RFID reader system further includes a display disposed at the
reader body 1. The display is connected with the control module 15 and configured to
display relevant information based on control instructions given by the control module
15. In another embodiment, the display may be external. The control module 15
controls the display to display relevant information through the control interface 16
and the communication module 17.

The antenna detection switch 11 is configured to detect whether the antenna unit 2 is
installed onto the reader body 1, and connect the antenna unit 2 when finding the
antenna unit 2 is properly installed onto the reader body 1. When the antenna unit 2 is
installed onto (i.e. connected with) the reader body 1, the reader module 14 is
configured to interrogate and detect an external RFID tag through the antenna unit 2.
More specifically, the control module 15 is configured to control the reader module 14
to interrogate an external RFID tag in a read cycle, and to transmit the RFID tag in-
formation being read back to the control module 15.

The antenna detection switch 11 is configured to check whether the connection
between the antenna unit 2 and the reader module 14 is well set up. If poor or no
connection is found, i.e. when finding the antenna unit 2 is not properly installed onto
the reader body 1, the antenna detection switch 11 is configured to connect the
protection circuit 13. The protection circuit 13 provides an internal antenna connection
to protect the reader module 14 from being damaged by open connection without the
antenna unit 2 or poor connection with the antenna unit 2, and thereby protect the
reader body 1. With the protection circuit 13, the user does not need to turn off the
power source before changing the antenna unit 2 to a different type and model, so that
hot switching of the antenna unit 2 of different types and models on the reader body 1

is realized. An RFID tag may be installed in the protection circuit 13. When detecting
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the RFID installed in the protection circuit 13, the reader module 14 is configured to
send the corresponding information, such as an error message, to the control module
15, and the control module 15 is configured to control the display to display the corre-
sponding information.

The RFID reader system may further includes an antenna type detection circuit. The
antenna type detection circuit may be disposed in the control module 15, or be set up
standalone and connected with the control module 15. In this embodiment, the antenna
unit 2 includes an antenna type circuit. When the antenna unit 2 is installed onto the
reader body 1, the antenna type detection circuit is configured to interact with the
antenna type circuit and thereby retrieve the antenna type information, such as an
antenna type code and an antenna model number. The control module 15 is configured
to then send the display instructions to display the type information of the antenna unit
2 on the display.

In another embodiment, an RFID tag is embedded in the antenna unit 2. When the
antenna unit 2 is installed onto the reader body 1, the reader module 14 is configured to
interrogate the RFID tag embedded in the antenna unit 2 and thereby retrieve the
antenna type information. The control module 15 is configured to then send the display
instructions to display the type information of the antenna unit 2 on the display.

In above embodiments, displaying the type information of the antenna unit 2 on the
display makes it convenient for the user to know the type of the antenna that the RFID
reader system is currently using.

Referring to FIG. 3 and FIG. 5, the RFID reader system further includes an audio and
light indicator unit 10. The audio and light indicator unit 10 is connected with the
control unit 15 and configured to indicate the location of an external RFID tag. When
the RFID reader system interrogates the RFID tag, the audio and light indicator unit 10
emits audio and light signals corresponding to the location of the RFID tag to the user,
thereby assisting the user to determine the location of the RFID tag.

The audio and light indicator unit 10 includes a light source and an audio source. The
intensity of the light emitted by the light source, the color of the light, and the flash
rate of the light may vary according to the relative location of the RFID tag. For
example, the closer the RFID reader system is to the RFID tag, the greater the light
intensity will be and the higher the frequency will be. The volume of the sound emitted
by the audio source and the frequency of the sound may vary according to the relative
location of the RFID tag. For example, the closer the RFID reader system is to the
RFID tag, the louder the sound will be and the higher the frequency will be. The audio
and light indicator unit 10 can thereby indicate the direction and distance of the RFID
tag from the RFID reader module 14 (or the RFID reader body 1).

Referring to FIG. 5, when the reader module 14 interrogates and detects a RFID tag,
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the reader module 14 transmits a signal, and the RFID tag, which is in an effective
detection range of the RFID reader system, receives the signal and sends a responding
signal back to the reader module 14. Because the radiation beam transmitted by the
antenna unit 2 is directional, the closer the RFID tag gets to the radiation beam, the
stronger the responding signal that the RFID tag sends back to the reader module 14
will be. When the antenna unit 2 is installed onto the reader body 1, through changing
the location of the reader body 1, the antenna unit 2 will transmit radiation beam from
different angles and in different directions. Correspondingly, different RFID tags (such
as RFID tags A, B and C in FIG. 5) will send different responding signals to the reader
module 14. Thereby, the RFID reader system is capable of detecting the locations of
the RFID tags and the locations of the items that the RFID tags are attached to.

Referring to FIG. 6, a method for controlling the above-mentioned RFID reader
system includes:

Step 1: the RFID system scans for user input. If there is a user input, the system starts
working; if there is no user input, the system remains in a stand-by mode;

Step 2: the antenna detection switch 11 detects whether the antenna unit 2 is installed
onto the reader body 1. If yes, go to step 3; if no, go to step 4;

Step 3: the antenna unit 2 is installed onto the reader body 1; the antenna detection
switch 11 is connected to the antenna unit 2; the reader module interrogates the
external RFID tag through the antenna unit 2; the reader module 14 receives tag in-
formation and send the tag information back to the control module 15; the control
module processes the information, for example sending the tag information to an
external data terminal; after the processing, go to step 5;

Step 4: the antenna unit 2 is not installed onto the reader body 1; the antenna
detection switch 11 is connected to the protection circuit 13; the reader module 14
reads information from the protection circuit 13 and sends the information back to the
control module 15; the control module 15 receives a specific error message and may
control the error message to be sent to an external data terminal; go to step 5; and

Step 5: the control module 15 controls the reader body 1 to be switched off; go to
step 1 again.

While the present patent application has been shown and described with particular
references to a number of embodiments thereof, it should be noted that various other
changes or modifications may be made without departing from the scope of the present

invention.
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Claims
A RFID reader system comprising:

a reader body;

a reader module disposed in the reader body;

an antenna unit detachably installed onto the reader body;

an antenna detection switch connected with the reader module and
disposed in the reader body;

a protection circuit disposed in the reader body; and

a control module connected with the reader module and disposed in the
reader body; wherein:

when the antenna unit is installed onto the reader body, the reader
module is configured to interrogate and detect an external RFID tag
through the antenna unit;

the antenna detection switch is configured to detect whether the
antenna unit is installed onto the reader body, to connect the antenna
unit when finding the antenna unit is properly installed onto the reader
body, and to connect the protection circuit when finding the antenna
unit is not properly installed onto the reader body; and

the control module is configured to control the reader module to in-
terrogate an external RFID tag in a read cycle and transmit information
about the RFID tag back to the control module.

The RFID reader system of claim 1 further comprising an antenna unit
carrier, wherein the antenna unit is installed onto the reader body
through the antenna unit carrier, and the antenna unit carrier is slidably
connected with the antenna unit.

The RFID reader system of claim 1 further comprising a control
interface and a communication module connected with the control
interface, wherein the control module is connected with the control
interface.

The RFID reader system of claim 3, wherein the communication
module is connected with an external data terminal, and configured to
send data to or receive data from the external data terminal; or the com-
munication module is connected with an external processing unit, and
configured to receive instructions from the external processing unit.
The RFID reader system of claim 3 further comprising an audio and
light indicator unit, wherein the audio and light indicator unit is

connected with the control unit, and configured to indicate the location
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of an external RFID tag.

The RFID reader system of claim 1 further comprising an antenna type
detection circuit, wherein the antenna unit comprises an antenna type
circuit, the antenna type detection circuit being configured to interact
with the antenna type circuit and thereby retrieve the antenna type in-
formation.

The RFID reader system of claim 1, wherein an RFID tag is embedded
in the antenna unit, and the reader module is configured to interrogate
the RFID tag embedded in the antenna unit and thereby retrieve the
antenna type information.

An RFID reader system comprising:

a reader body;

a reader module disposed in the reader body; and

an antenna unit detachably installed onto the reader body; wherein:
when the antenna unit is installed onto the reader body, the reader
module is configured to interrogate and detect an external RFID tag
through the antenna unit.

The RFID reader system of claim 8 further comprising an antenna unit
carrier, wherein the antenna unit is installed onto the reader body
through the antenna unit carrier, and the antenna unit carrier is slidably
connected with the antenna unit.

The RFID reader system of claim 9, wherein an antenna disassembly
mechanism is disposed on the reader body and configured to control the
disassembly of the antenna unit, the antenna disassembly mechanism
being a button.

The RFID reader system of claim 8 further comprising an antenna
detection switch and a protection circuit both disposed in the reader
body, wherein the antenna detection switch is connected with the reader
module and configured to detect whether the antenna unit is installed
onto the reader body, to connect the antenna unit when finding the
antenna unit is properly installed onto the reader body, and to connect
the protection circuit when finding the antenna unit is not properly
installed onto the reader body.

The RFID reader system of claim 8 further comprising a control
module connected with the reader module and disposed in the reader
body, wherein the control module is configured to control the reader
module to interrogate an external RFID tag in a read cycle and transmit

information about the RFID tag back to the control module.
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[Claim 13] The RFID reader system of claim 12 further comprising a control
interface and a communication module connected with the control
interface, wherein the control module is connected with the control
interface.

[Claim 14] The RFID reader system of claim 13, wherein the communication
module is connected with an external data terminal, and configured to
send data to or receive data from the external data terminal; or the com-
munication module is connected with an external processing unit, and
configured to receive instructions from the external processing unit.

[Claim 15] The RFID reader system of claim 13 further comprising an audio and
light indicator unit, wherein the audio and light indicator unit is
connected with the control unit, and configured to indicate the location
of an external RFID tag.

[Claim 16] The RFID reader system of claim 8 further comprising an antenna type
detection circuit, wherein the antenna unit comprises an antenna type
circuit, the antenna type detection circuit being configured to interact
with the antenna type circuit and thereby retrieve the antenna type in-
formation.

[Claim 17] The RFID reader system of claim 8, wherein an RFID tag is embedded
in the antenna unit, and the reader module is configured to interrogate
the RFID tag embedded in the antenna unit and thereby retrieve the
antenna type information.

[Claim 18] A method for controlling an RFID reader system, the RFID reader
system comprising a reader body; a reader module disposed in the
reader body; and an antenna unit detachably installed onto the reader
body; the method comprising:
detecting whether the antenna unit is installed onto the reader body by
an antenna detection switch, the antenna detection switch being
connected with the reader module;
if yes, connecting the antenna detection switch to the antenna unit; and
if no, connecting the antenna detection switch to a protection circuit,
the protection circuit providing an internal antenna connection for
protecting the reader module from being damaged.

[Claim 19] The method of claim 18 further comprising interrogating an external
RFID tag by the reader module through the antenna unit, when the
antenna unit is installed onto the reader body.

[Claim 20] The method of claim 18 further comprising reading information from

the protection circuit and sending the information back to a control

11
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module by the reader module, when the antenna unit is not installed
onto the reader body, the control module being connected with the

reader module.
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