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Description

Title of Invention

WIRELESS DEVICE AND WIRELESS NETWORK SYSTEM
Technical Field

[0001]

The present invention relates to a wireless device and a
wireless network system for wireless data communication using
various types of frequency and wireless format.

Background Art
[0002]

As one of usages of a wireless device in the relevant
technical field, monitoring and operation of various facilities
have been carried out wirelessly. Various facilities are
monitored in reference to sensor information such as electric
energy and temperature, and data information such as abnormality
notification. The aforementioned information from those
facilities is mostly obtained through cable data communication.
However, it is likely that the facility to be monitored and the
monitoring place are rewmotely located, requiring the wiring work
therebetween. Wireless communication may facilitate monitoring
and operation of the facility far away from the monitoring place
without requiring the wiring work.

[0003]
There may be various facility set-up environments

dependent on site as well as amount of communication information
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required for monitoring the subject facility. For this, it is
necessary to select both the frequency band and wireless format
optimal for the wireless communication in accordance with the
set-up place of the facility and the communication condition.
Considering features of the wireless frequency, it is likely
that the high frequency leads to high communication speed and
short communication distance, and low frequency leads to low
communication ‘speed and long communication distance. The same
frequency may have different features dependent on the
communication mode (LAN, Bluetooth (registered trademark)), and
standard. This may cause difficulty in the work to construct the
optimal wireless network by selection from those described above
adapted to an EM environment and a facility set-up environment.
[0004]

If the facility is generally monitored and operated
wirelessly, it is necessary to determine the wireless format to
be employed, carry out the onsite radio wave investigation on
the frequency in accordance with the wireless format, and then
construct the network. If different wireless formats are
employed together in the network, the wireless devices at
wireless frequencies for use have to be separately prepared.
Combining those devices makes the network complex, resulting in
the tendency that deteriorates ease of introduction and
operability after such introduction.

[0005]
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Patent literature 1 discloses the structure that
efficiently carries out wireless communication between
respective mobile terminals and the base station using a
plurality of communication channels. The wireless LAN access
point is provided with a plurality of wireless LAN modules for
the purpose of allowing simultaneous use of some of a plurality
of communication channels at different frequencies. The
respective wireless LAN modules have different communication
channels. The wireless LAN access point detects the number of
connected mobile terminals corresponding to the respective
communication chamnels so as to transmit the communication
channel information indicating the number of connected mobile
terminals of the respective communication channels to the mobile
terminal. This allows the terminal to select the communication
chamnel commected to a smaller number of the terminalg, and
ensures efficient wireless communication between the respective
mobile terminals and the base station.

Citation List

Patent Literature

[0006] Patent Literature 1 : Japanese Unexamined Patent
Application Publication No. 2005-20566

Summary of Invention

Technical Problem

[0007]

Patent literature 1 discloses the mode that provides a
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plurality of the same wireless LAN modules to use resource of
the frequency effectively by changing the channel in the
frequency band of the wireless LAN communication mode.

[0008]

The use of the channel in the frequency band as described
above‘is limited, and the band of the single wireless
communication mode (LAN) only for changing the channel is narrow.
It is therefore difficult to carry out the communication upon
interference in such frequency band. If the wireless module for
the mode other than those for the wireless LAN communication
mode, it is necessary to have the communication modes for
operating such module and information set for each of the
communication modes, resulting in complicated structure.

[0009]

The wireless communication has features dependent on the
frequency band. As the frequency is decreased, the diffraction
capability of radio wave is improved, and reachability is
increased. ﬁowever, the communication speed is likely to be
lowered. The wireless environment varies dependent on the
facility set-up. It is therefore required to construct the
wireless network using suitable frequency for stable
communtication. It may take much time to construct the
appropriate wireless network by conducting the field survey and
investigation in operation, while repeating try and error. Even

after introduction of the aforementioned network, interference
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to the communication may occur in response to change in the
peripheral wireless environment. If the network is constructed
by combining a plurality of wireless devices, it will cause much
trouble in setting of the modules, and further increase the cost
owing to increased man-hours for operation and maintenance of
the constructed network.

[0010]

In view of the aforementioned problems, it is an object of
the present invention to provide the wireless device and the
wireless network which ensure easy wireless communication using
a plurality of frequency bands and wireless formats adapted to
the wireless communication status of the site where facilities
to be monitored are set up.

Means for solving the problem
[0011]

In order to achieve the object, the present invention
provides a wireless device including a plurality of wireless
modules on a base substrate, which carries out a wireless
communication using the wireless module adapted to a
communication status. The plurality of wireless modules are
detachably mounted on the base substrate, and at least one of
frequencies and communication modes of which have different
values. The wireless device includes a device controller
connected to the plurality of wireless modules via a signal line

for selecting the wireless module adapted to the communication
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status, and a terminal block and a communication interface which
are connected to the device controller for external comnection.
The wireless module selected by the device controller is used
for carrying out the wireless communication of data obtained
from the terminal block or the communication interface.

[0012]

In the wireless device, the device controller selects the
wireless module adapted to the communication status, and further
includes a control unit for controlling an operation of the
selected wireless module
[0013]

In the wireless device, the wireless module includes a
wireless modem adapted to the frequency and the wireless mode,
and a module control unit, and the module control unit is
configured to communicate with the device controller using a
common communication command via the signal line.

[0014]

In the wireless device, the device controller includes a
memory for setting network information of a wireless network
system including a plurality of the wireless devices.

[0015]

In the wireless device, the device controller sets the
network information including an ID number for identifying the
wireless device, an ID number of the wireless device as a

counterpart of transmission and reception, and selection
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information of the wireless module to be used in the memory, and
carries out the wireless communication with the wireless device
as a destination of the transmission and reception using the
selected wireless module.

[o016]

In oxrder to achieve the object, the present invention
provides a wireless network system having a plurality of
wireless modules on a base substrate, which is configured to
have a plurality of wireless devices for carrying out a wireless
communication using the wireless module adapted to a
communication status. The plurality of wireless modules in the
wireless device are detachably mounted on the base substrate,
having frequencies and/or communication modes, at least one of
which have different values. The wireless device includes a
device controller connected to the plurality of wireless modules
via a signal line for selecting and operating the wireless
module adapted to the communication status, and a terminal block
and a communication interface which are connected to the device
controller for external connection. The wireless module selected
by the device controller is used for carrying out the wireless
communication of data obtained from the terminal block or the
communication interface between the wireless devices.

[0017]
In the wireless network system, the device controller of

the wireless device includes a control unit for selecting the
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wireless module adapted to the communication status and
controlling an operation of the selected wireless module.
[oo18]

In the wireless network system, the wireless module of the
wireless device includes a wireless modem adapted to the
frequency and a wireless format, and a module control unit. The
module contreol unit is configured to communicate with the device
controller using a common communication command via the signal
line.

[0019]

In the wireless network system, the device controller of
the wireless device includes a memory for setting network
information.

[0020]

In the wireless network system, the device controller of
the wireless device sets the network information including an ID
number for identifying the wireless device, an ID number of the
wireless device as a counterpart of transmission and reception,
and selection information of the wireless module to be used in
the memory, and carries out the wireless communication with the
wireless device as a destination of the transmission and
reception using the selected wireless module.
Advantageous Effects of Invention
[0021]

According to the present invention, the wireless device is
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set to ensure easy wireless communication using the frequency
and communication mode optimal for the site, which are selected
from a plurality of different frequencies and wireless
communication modes. It is possible to easily construct the
optimal wireless network systems for various sites, thus
improving communication reliability and simplifying operation
and maintenance of the constructed network.

Brief Description of Drawings

[0022]

[FIG. 1]

FIG. 1 is an explanatory view showing a structure of a
wireless device according to a first example of the present
invention.

[FIG. 2]

FIG. 2 is an explanatory view showing a structure of a
base substrate in the wireless device according to the first
example.

[FIG. 3]

FIG. 3 is an explanatory view showing a structure of a
wireless module in the wireless device according to the first
example.

[FIG. 4]

FIG. 4 is an explanatory view showing functions of the
wireless modules at different frequencies in the wireless device

according to a second example of the present invention.
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[FIG. 5]

FIG. 5 is an explanatory view showing functions of the
wireless modules with different communication modes of the
wireless device according to a third example of the present
invention.

[FIG. 6]

FIG. 6 is an explanatory view showing a communication
behavior of the wireless module selected and set for operation
in the wireless device according to a fourth example of the
present invention.

[FIG. 7]

FIG. 7 is an explanatory view showing a communication
behavior among a plurality of wireless devices according to the
fourth example.

[FIG. 8]

FIG. 8 is an explanatory view showing an example of
criterion for selecting the wireless module in the wireless
device.

[FIG. 9]

FIG. 9 is a view showing a configuration of a wireless
network according to a f£fifth example of the present invention.
[FIG. 10]

FIG. 10 is a view showing a confiquration of the wireless
network according to a sixth example of the present invention.

[FIG. 11]
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FIG. 11 is an explanatory view showing an operation flow
of the wireless device according to the first example of the
present invention.

[FIG. 12]

FIG. 12 is an explanatory view showing a sequence of the
wireless communication.
[FIG. 13]

FPIG. 13 is an explanatory view showing a sequence of the
wireless communication in retransmission.
[FIG. 14]

FIG. 14 is an explanatory view showing a transmission data
packet.

[FIG. 15]

FIG. 15 1s an explanatory view showing a wireless
communication mode with standardized wireless format.
[FIG. 16]

FIG. 16 is an explanatory view showing selection and
change of the wireless module in the wireless device.
Description of Embodiment
[0023]

An embodiment for caxrying out the present invention will
be described in detail referring to the drawings.

[0024]
FIG. 1 is an explanatory view of a structure showing how a

wireless device according to a first example of the present
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invention works. The wireless device 1 includes a base substrate
2 in a casing, and wireless modules 3 (3a to 3d) are mounted on
the substrate 2. The wireless modules 3 have different
frequencies and/or communication modes, and are detachably
mounted on the base substrate 2.

[0025]

The frequency refers to the wireless frequency, for
example, 2.4 GHz, 950 MHz and 429 MHz. The frequency
communication mode refers to the wireless communication mode for
a wireless LAN, Bluetooth and ZigBee (registered trademark).
[0026]

FIG. 2 is an explanatory view showing a structure of the
base substrate 2 provided in the wireless device 1 shown in FIG.
1. The base substrate 2 has a device controller 21 which
communicates with the wireless modules 3 mounted on the
substrate via signal lines 4. The device.controller 21 is
configured as a control system which includes a CPU (Central
Processging Unit), and has a function of temporarily buffering
data and transferring such data. The device controllex 21
includes an interface 2la that communicates with the respective
wireless modules 3, a control unit 21b that selects the wireless
module adapted to the communication based on information setting
and set information, and a memory 21lc that sets the set
information for the wireless device 1 and network information

(described later) upon construction of the wireless network. The
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base substrate 2 includes an interface for connecting the device
controller 21 and outside of the wireless device. Specifically,
the substrate includes a USB connector 22 for connection to the
outer device (personal computer), a serial connector 23, an
Ethernet (registered trademark) comnector 24, and a terminal
block 25 for connection to a measurement sensor of the device to
be monitored.

[{0027]

The network information is required for determining the
frequency and wireless format employed for the wireless
communication, and setting the operating function of the
wireless module. The network information is obtained by
preliminarily generating the optimal information by simulation
using the personal computer, and setting such optimal
information in the wireless device via the communication
interfaces (22 to 24) such as the USB connector 22.

[0028]

The set information includes numbers of the respective
wireless devices (arbitrary ID number for identifying the
wireless device), the information of other wireless device that
constitutes the network (ID number of the wireless device as the
counterpart of the transmission and reception), and a group ID
(described later). Each function of the respective wireless
devices may be determined by allowing all the wireless devices

that constitute the wireless network to share the network
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information. Each of the wireless devices is configured to have
the ID numbers of the respective wireless devices, and the
information of the wireless devices having such numbers in the
wireless network so as to clarify the status of the adjacent
wireless devices with each other. It is possible to confirm the
status of the adjacent wireless device, for example, the status
where the communication has been interrupted for a predetermined
period of time. This makes it possible to easily identify the
device having its operation interrupted.

[0029]

FIG. 3 is an explanatory view showing a structure of the
wireless module. The wireless module 3 contains a wireless modem
31 for the wireless communication, and a module control unit 32
serving to communicate with the device controller 21, and is
detachably mounted on the base substrate 2 via a connector 33.
There are large number of the wireless modules 3 provided with
the wireless modems 31 of different type that ensure
transmission and reception at various frequencies and
communication modes. They are detachably mounted on the base
substrate 2 in accordance with the wireless communication status
of the site where the facilities are set up.

[0030]

The wireless modules 3 are connected to the device

controller 21 via the signal lines 4 when they are mounted on

the base substrate 2. The wireless module is configured to
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communicate with the interface function of the module control
unit 32 through conversion of the interface 21ia of the device
controller 21 using the common communication command (common
protocol). Accordingly, the communication may be established
using the common protocol irrespective of the type of the
wireless module mounted on the base substrate 2 (type of
wireless frequency and type of wireless communication mode) .
Even if the different wireless module is mounted on the base
substrate, the wireless communication may be established without
considering the wireless format. This makes it possible to cover
various kinds of wiring formats by mounting the wireless module
adapted to the application.

[0031]

In the above-described structure, upon wireless
transmission of a measurement signal from the measurement sensor
of the device to be monitored to the outside, the measurement
signal obtained from the sensor via the terminal block 25 is
loaded to the device controller 21, and the signal is
transmitted to the wireless module selected by the device
controller 21 using the common communication command so as to
carry out the wireless transmission to the outside in accordance
with the communication mode corresponding to the selected
wireless module. Meanwhile, the data received by the wireless
module 3 from outside are transmitted from the module control

unit 32 to the device controller 21 using the common
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communication command. The data are output to the external
device (personal computer) via the USB connector 22, the serial
connector 23, the Ethernet (registered trademark) connector 24
as appropriate.

[0032]

FIG. 4 is an explanatory view of the function resulting
from a plurality of wireless modules at different frequencies in
the wireless device according to a second example of the present
invention. The wireless modules 3a, 3c and 3d at different
frequencies are mounted on the base substrate 2. The modules
contain modems 31 at different frequencies of 2.4 GHz, 950 MHz
and 429 MHz, respectively. The module number and the freguency
of the mounted wireless module are set in the memory 21c¢ by the
control unit 21b of the device controller 21.

[0033]

The device controller 21 tries to carry out the
communication by allowing the controcl unit 21b to select the
wireless module at high wireless communication speed (high
frequency), basically, for carrying out the high speed
communication in accordance with the content stored in the
memory 21c. First of all, the controller selects the wireless
module 3a at the highest wireless communication speed and
frequency of 2.4 GHz, and tries to carry out the wireless
communication. TIf the normal communication cannot be established

as a result of the communication, the controller then selects
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the wireless module 3c at high wireless communication speed and
frequency of 950 MHz, and carries out the communication. The
normal communication is successful so long as the frequency
areas of all the mounted wireless modules are not suffered from
the interference. In this way, the device controller 21 makes an
attempt to select the wireless module at appropriate frequency
for the communication at speed as high as possible.

[0034]

The wireless module at low frequency allows long distance
communication. When a communication error occurs resulting from
change in the environment where the facility to be measured is
set up in the middle of the operation, the module at lower
frequency is selected from the mounted wireless modules so as to
continue the communication. The device controller 21 makes an
attempt to select the wireless module that ensures stable
communication at the speed as high as possible. This may
construct the network easily between the wireless device and the
facility to be measured upon set-up and operation.

[0035]

If temporary communication interference occurs or
communication quality is deteriorated during the operation, the
device controller selects the wireless module in the lower
frequency band so as to maintain the communication quality.

[0036]

FIG. 5 is an explanatory view showing functions of the
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wireless modules with different communication modes in the
wireless device according to a third example of the present
invention. The wireless modules 3a, 3¢, 3d at the same frequency
of 2.4 GHz with different wireless communication modes are
mounted on the base substrate 2. Each of the modules includes
the modem 31 for the wireless LAN, Bluetooth, ZigBee (registered
trademark). The module number, frequency and communication mode
of the mounted wireless module are set in the memory 21c by the
control unit 21b of the device controller 21.

[0037]

The device controller 21 carries out the communication by
combining those wireless modules to ensure the wireless
communication adapted to the environment where the facilities to
be measured are set up. The device controller 21 tries to
establish the communication by primarily selecting the
communication mode at the speed as high as possible based on the
distance between the facility to be measured and the wireless
device. In the case where the facility (device) as the desired
counterpart of the communication uses the different wireless
format such as the wireless LAN and Bluetooth, the subject
wireless device has the wireless module with adapted wireless
format, thus allowing the device controller 21 to select the
module for the wireless communication without changing the
wireless device. EBven if different wireless formats are mixed,

the network between the wireless device and the facility to be
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measured may be easily constructed.
[0038]

FIG. 6 is an explanatory view showing a communication
behavior of the wireless module selected and set for operation
in the wireless device according to a fourth example of the
present invention. In this example, use of the wireless device
as a gateway will be described as an example. The wireless
module (module numbexr, frequency and communication mode) mounted
on the base substrate 2 is set in the memory 21c of the device
controller 21. The device controller 21 sets the selected
wireless module 3a as the only one for receiving data, and
further sets the selected wireless module 3¢ as the only one for
transmitting the received data. The wireless module 3a serves to
only receive the wireless data, and then transmits the received
data to the device controller 21 of the base substrate 2 once.
The received data are sent to the other wireless module 3¢ from
the device controller 21 via the signal line 4, and carries out
the wireless transmission using the other wireless module. Both
the wireless modules 3a and 3¢ are separately provided so as to
ensure transmission and reception at different frequencies
without interference with each other. This makes it possible to
carry out the stable wireless communication, and improve
efficiency of the data communication.

[0039]

FIG. 7 is an explanatory view showing a communication
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behavior of the system constructed as the network of the
wireless devices shown in FIG. 6. The system includes three
wireless devices {la, 1b, 1lc), and the wireless device 1lb serves
as the gateway. Frequencies and communication modes of the
wireless modules for transmission and reception between the
wireless devices are adjusted so as to allow stable wireless
communication in the specific frequency band exclusively without
interference. The aforementioned combination allows the wireless
communication at different frequencies, and construction of the
wireless network adapted to the application applied between the
wireless devices.

[0040]

FIG. 8 is an explanatory view showing an example of
criterion for selecting the wireless module. It is possible to
assume the wireless module to be prepared in accordance with the
site environment of the facility to be measured required for the
wireless communication. For example, if the remotely located
facility in the complicated environment is required for the
communication, the wireless module at low frequency and low
wireless communication speed may be selected. In this way, the
facility to be measured and the enviromment for the wireless
communication are identified to allow selection of the wireless
module.

[0041]

FIG. 9 is a view showing a configuration of the wireless
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network according to a fifth example of the present invention.
The network has a system which includes the highest wireless
device la and a large amount of lower wireless devices 1b to 1h,
which are wirelessly connected to form a tree shape. As an
example of the wireless network configuration, the network
information is stored in the device controllers of all the
wireless devices that constitute the system. The network
information includes an arbitrary number (ID) that identifies
the wireless device for constituting the network, and the number
(ID) that identifies the wireless device as the counterpart of
transmission and reception between the respective wireless
devices. The operation in the network may be determined by
setting the function of the subject wireless device and the
numbexr (ID) in the device controller.

[0042]

The arbitrary numbers (IDs) for identifying the respective
wireless devices refer to those numbers (IDs) independent £rom
the communication mode rather than the address dependent on such
communication mode as the MAC address (Media Access Control
address) employed for the LAN communication. Accoxrdingly, the
common number (ID) may be used irrespective of the different
communication mode for the wireless communication between the
wireless devices. This makes it possible to easily construct the

wireless network system, and further change the network system

easily.
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[0043]

Referring to FIG. 9, the wireless device la is set at the
highest position in the network, serving to collect data of the
overall system. The wireless devices 1b to 1d are set at
intermediate positions in the network, each serving as a gateway
that receives monitoring data derived from the facility to be
measured and transfers such data to the higher wireless device.
The wireless devices le to 1h are set for sending the monitoring
data measured by the sensor of the facility to be measured to
the higher wireless devices.
foo44]

FIG. 10 is a view showing a configuration of the wireless
network according to a sixth example of the present invention,
representing the method of removing the separated network error
upon failure of the wireless device. Communication from the
faulty wireless device in the network system is interrupted for
a predetermined or longer period of time. This allows the higher
wireless device of the tree type configuration to judge that the
lower wireless device is faulty. Assuming that the wireless
device 5 shown in FIG. 10 is brought into the faulty state, the
wireless device 1b (normally operated) at the position higher
than the wireless device 5, constituting the tree type
configuration is allowed to identify the faulty wireless device.
[0045]

Restoration for the failure may be made by replacing the
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faulty wireless device with the normal one, and setting the
number ID=5 in the device controller of the newly replaced
wireless device. The replaced wireless device transmits the
measurement monitoring data of the facility to be wmeasured, to
which the ID “5” has been added to the higher wireless device 1b.
This allows the wireless device 1b to receive the normal
measurement monitoring data and the source ID number. In this
example, the wireless device may be identified by simply adding
the ID number without using the identification number unique to
the device. So it is possible to make the restoration only by
replacing the wireless device with the one having the reset ID
nurber. In this way, maintenance and operability of the wireless
network may be improved by simplifying identification of the
faulty point and resetting.

[0046]

FIG. 11 is an explanatory view showing an operation flow
of the process executed by the wireless device 1 in the wireless
network system. Subsequent to power supply, the device
controller 21 of the wireless device judges with respect to the
status of the mode (normal mode/program mode) of the device in S
(sequence) 101.

[0047]

When it is judged that the device is in the normal mode

indicating the normal operation, in S102, information of the

wireless module is obtained for the purpose of confirming the
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wireless module mounted on the base substrate. As the wireless
module is provided with the common interface command, the device
controller 21 sends quexry to the respective modules so as to
obtain the module information. Then in S104, the network
configuration is identified by obtaining (checking) the set
network information stored in the memory of the device
controller 21. In 8105, the set number (ID) of the subject
device, and its function in the network are confirmed. In S106,
the operation is started in accordance with the operation
content.

[0048] TIf the set mode is judged as the program mode, the
control unit 21b contained in the device controller 21 sets the
ID number for identifying the wireless device in S8103. This
setting operation may be easily set and changed by a DIP switch
of the control unit 21b, for example.

[0049]

FIG. 12 is an explanatory view of a sequence for the
wireless communication. This sequence will be described by
taking the wireless communication between the wireless devices
1f and 1c as the example. The wireless devices 1 are brought
into a reception state after d%stributing power to the power
supply. If the measurement data are generated from the facility
to be measured of the wireless device 1f, the wireless device 1f
receives such data from the facility wirelessly. Thereafter, the

mode of the wireless device 1f is changed to the transmission
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mode for creating the packet for data transmission so as to
transmit the measurement data wirelessly. As the wireless
transmission of this case has no information about location of
the wireless device as the counterpart, the broadcast
transmission (transmission without designating the address) is
carried out.

[0050]

The wireless device 1lc that has received the data checks
the data content, and further checks with respect to the ID of
the network information so that it is confirmed if the data are
acceptable. Specifically, the ID number of the wireless device
1f as the source and the ID number of the network information
stored in the memory are compared so as to judge if the data are
acceptable. If the data from the lower wireless device in the
network are acceptable, the data part is taken. Otherwise the
data will be dropped. Upon reception of the data, the wireless
device 1lc selects the transmission mode, and makes an
acknowledgment ACK to the source (wireless device 1f). In this
case, as the counterpart is identified, the method that ensures
transmission of the data to the destination is taken by carrying
out the unicast transmission (transmission by designating the
single address). After confirming the response, the wireless
device 1f has its status changed to the reception state.
[0051]

FIG. 13 is an explanatory view representing retransmission
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shown in the sequence for the wirelesgs transmission. The
transmission data are generated, and the wireless device 1f
carries out the broadcast transmission. If there is no response
data of ACK even if the device is brought into the reception
state, the retransmission will be carried out. If the
transmission fails after performing a plurality of
retransmigsions, another module with changed frequency and
wireless format is selected so as to be subjected to the similar
retransmission procedure as described above for the wireless
communication.

[0052]

FIG. 14 is an explanatory view of a packet of the
transmission data. The source ID number, the destination ID
number, and a group ID number are added to the transmission data
so as to create the packet data. The group ID number is set as
the one for a group of the wireless devices so that fhe wireless
devices are divided into a plurality of groups in the network.
The wireless device that has received the data checks the group
ID number, and further checks the source ID number and the
destination ID number. In other words, each of the ID numbers is
checked against the stored network information, thus determining
the data handling as described above.

[0053]
FIG. 15 is an explanatory view showing the method of

carrying out the wireless communication using the wireless
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communication mode having the wireless format standardized. FIG.
15(a) shows the packet data of standardized wireless
communication mode. If the wireless format is determined, the
head of the data includes already set transfer procedure and the
packet format as FIG. 15(b} shows. Accordingly, the standard
format is directly used to store the packet of the transmission
data shown in FIG. 15(a) in the data part. Communication between
the wireless modules may be carried out with no problem as they
employ the common wireless format. The transmission data stored
in the data part are cbtajned, based on which the determination
is made with respect to data handling. The corresponding
wireless format is employed between the wireless modules.
However, the data of only the ID numbers of the wireless devices
are handled on the base substrate because of extracted data. As
a result, the wireless device is allowed to carry out
transmission and reception of the wireless communication using
the ID number only without being limited to the wireless format.
This makes it possible to carry out the communication ﬁithout
considering the wireless format. The wireless format includes
such format as the wireless LAN, Bluetooth and ZigBee.
[0054]

FIG. 16 is an explanatory view representing selection and
change of the wireless module in the wireless device, and the
program executed for selecting the wireless module in the

wireless device. As the feature of the wireless communication
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with respect to the frequency shows, increase in the frequency
for use via radio waves tends to increase the communication
speed and reduce the communication distance. Decrease in the
fregquency tends to decrease the communication speed and to
increase the communication distance. The device controller
obtains the wireless frequency information from the wireless
module mounted on the base substrate, and selects the wireless
module at high frequency and high speed. If it is judged that
the communication quality is deteriorated in the communication
in the frequency band of the wireless module, the wireless
module is changed to the one at the lower frequency. The
aforementioned tryout is repeatedly carried out to select the
wireless module optimal for the set-up status of the facility to
be measured.

[0055]

As described above, the wireless device contains the base
substrate and the wireless modules each corresponding to the
frequency and wireless format. The wireless module is formed of
the wireless modem corresponding to the format and the control
unit. The communication mode (command) transmitted to the
control unit will be unified. The control unit interprets the
unified command, and converts the command into the communication

mode adapted to the mounted wireless modem for the wireless

communication. The wireless modules at different frequencies and

wireless formats share the control unit and the communication
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mode on the base substrate. Accordingly, the base substrate
allows the communication even if the different wireless module
is mounted thereon. The identification ID of the wireless device
is independent from the communication mode with the specific
wireless format such as MAC address (used in LAN) in the method
of setting the number only, which allows the common use through
different communication modes.

[0056]

The wireless network information is set on the base
substrate in the wireless device so as to allow use of the
wireless format adapted to the environment. Setting all the
wireless network information in all the wireless devices that
constitute the network for common use ensures easy operation and
maintenance of the network by confirming the wireless devices
with one another.

Reference Signs List
[0057] 1(la - 1h)
5 wireless device
2 base substrate
3(3a-3d) wireless module
4 signal line
21 device controller
2la interface
21b contreol unit

21c memory
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22-23 communication interface

25 terminal block

31 wireless modem

32 module control unit

33 connector
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Claims

fClaim 1]

A wireless device including a plurality of wireless modules
on a base substrate, which carries out a wireless communication
using the wireless module adapted to a communication status,

the plurality of wireless modules being detachably mounted
on the base substrate and including a wireless modem for a wireless
communication and a module control unit for controlling the
wireless modules, and at least one of frequencies and
communication modes of which having different values, thewireless
device comprising:

a device controller connected to the plurality of wireless
modules via a signal line for selecting the wireless module adapted
to the communication status; and

a terminal block and a communication interface which are
connected to the device controller for external connection,

wherein the device controller transmits data obtained from
the terminal block or the communication interface to the module
control unit using a common communication command without
considering the type of wireless frequency and the type of wireless
communication mode of each of the wireless modules,

the wireless module selected by the device controller is

used for carrying out the wireless communication by the module
control unit converting the common communication command into the

communication mode adapted to the wireless modem.

[Claim 2]

The wireless device according to claim 1, wherein the
device controllexr selects the wireless module adapted to the
communication status, and further includes a control unit for

controlling an operation of the selected wireless module,
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[Claim 3]

The wireless device according to claim 1,

Wherein the wireless device carries out a wireless
communication with the other wireless device that frequencies and
communication modes same as the wireless device are available,
and the other wireless device carries out a wireless communication

by the frequencies and communication modes selected by the device

controller.
[Cclaim 4]

The wireless device accoxding to claim 1, wherein the
device controller includes a memory for setting network
information of a wireless network system including a plurality
of the wireless devices.

[Claim 5]

The wireless device according to claim 4, wherein the
device controller sets the network information including an ID
number for identifying the wireless device, an ID number of the
wireless device as a counterpart of tramsmission and reception,
and selection information of the wireless module to be used in
the memory, and carries out the wireless communication with the
wireless device as a destination of the transmission and
reception using the selected wireless module.

(Claim 6]
A wireless network system provided with a plurality of

wireless modules on a base substrate, which is configured to have
a plurality of wireless devices for carrying out a wireless

communication using the wireless module adapted to a communication

status,
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wherein the plurality of wireless modules in the wireless
device are detachably mounted on the base substrate, having
frequencies and/or communication modes, at least one of which have
different values, and including a wireless modem for a wireless
communication and a module control unit for controlling the
wireless modules;

the wireless device includes a device controller connected
to the plurality of ﬁireless modules via a signal line for
selecting and operating the wireless module adapted to the
communication status, and a terminal block and a communication
interface which are connected to the device controller for
external connection,

the device controller transmits data obtained from the
terminal block or the communication interface to the module
control unit using a common communication command without
considering the type of wireless frequency and the type of wireless
communication mode of each of the wireless modules, and

the wireless module selected by the device controller is
used for carrying out the wireless communication by the module
control unit converting the common communication command into the

communication mode adapted to the wireless modem.
[Claim 7]

The wireless network system according to claim 6, wherein
the device controller of the wireless device includes a control
unit for selecting the wireless module adapted to the
communication status and controlling an operation of the
selected wireless module.

[Claim 8]
The wireless network system according to claim 6,
wherein the wireless device carries out a wireless
communication with the other wireless device that frequencies and
communication modes same as the wireless device are available,
and the other wireless device carries out a wireless communication

by the frequencies and communication modes selected by the device

controller.
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[Claim 9]

The wireless network system according to claim 6, wherein
the device controller of the wireless device includes a memoxry
for setting network information.

[(Claim 101}

The wireless network system according to claim 9, wherein
the device controller of the wireless device sets the network
information including an ID number for identifying the wireless
device, an ID numbexr of the wireless device as a counterpart of
transmission and xeception, and selection information of the
wireless module to be used in the memory, and carries out the
wireless communication with the wireless device as a destination
of the transmission and reception using the selected wlreless

module.

[Claim 11]

The wireless device according to claim 3,
Wherein the device controller controls to change the
frequency or communication mode depending on a wireless

communication state, for carrying out a wireless communication

with the other wireless device.

[Claim 12]
The wireless network system according to claim 6,

Wherein the device controller controls to change the
frequency or communication mode depending on a wireless
communication state, for carrying out a wireless communication

with the other wireless device.




