
 

 

1 

DESCRIPTION 
 WIRELESS COMMUNICATION SYSTEM AND WIRELESS 

COMMUNICATION APPARATUS 
 

Technical Field 5 
[0001] Embodiments relate to a wireless communication 
system and a wireless communication apparatus, performing 
wireless communication using tags. 
 

BACKGROUND ART 10 
[0002] As representative safety equipment for trains to 
safely run and stop, automatic train stop (ATS) and automatic 
train control (ATC) are known.  Moreover, as representative 
operation support equipment, automatic train operation (ATO) 
and train automatic stop-position controller (TASC) are known. 15 
[0003] The conventional safety equipment and operation 
support equipment perform train-body position detection using 
a transponder, track circuitry, etc., and have a problem that it 
takes much cost to install the transponder, track circuitry, etc. 
[0004] In view of the above circumstances, it is 20 
considered to use RFID (Radio Frequency Identification) for 
position detection.  The RFID is a mechanism in which a reader 
wirelessly reads individual identification information stored in a 
tag.  The RFID can be implemented with a much lower cost 
than position detection using the transponder, track circuitry, 25 
etc., and with a relatively low maintenance cost. 
[0005] In the case of train-body position detection using 
the RFID, it is desirable to install a reader at a body side and a 
tag at a ground side.  Because, if the tag at the ground side is 
a passive type with no power needed, auxiliary facilities to be 30 
installed along with tag installation are not needed and hence a 
facility cost at the ground side can be restricted. 
[0006] Wireless communication with the tag and the 
reader becomes more stable as the distance between the tag 
and the reader is shorter.  However, as the distance between 35 
the tag and the reader is shorter, the wireless communication 
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range becomes smaller, so that skip reading may occur while a 
train is running at high speeds.  Conversely, as the distance 
between the tag and the reader is longer, since the wireless 
communication range becomes larger, the frequency of skip 
reading is reduced while the train is running at high speeds, 5 
however, position accuracy is lowered while the train is running 
at low speeds. 
[0007] As described above, there are an advantage and a 
disadvantage for both cases of a long distance and a short 
distance between the tag and the reader.  It is therefore 10 
desirable, if possible, to install tags in a plurality of locations 
with different distances from the reader. 
[0008] Since a train on-board system demands high 
reliability, it is required to be a duplex system under 
consideration of occurrence of failure in wireless communication 15 
for some reasons.  As described above, in the case of installing 
tags on a track and along the track, and if the duplex system is 
implemented in each of the tags on the track and along the 
track, the number of antennas is increased, resulting in a 
complicated reader configuration. 20 
[0009] In the case of a single antenna having directivity 
in different directions, by making larger the size of the antenna 
element than the wavelength of a used frequency, the antenna 
can have bidirectional directivity.  However, in the case of RFID 
in a 920-MHz band, the wavelength is about 33 cm, it is highly 25 
likely that the size of an antenna including the outer frame is 
larger than the size of the conventional transponder on-board 
equipment.  The duplex system requires two antenna elements 
of this size and hence there is a difficulty in securing an 
installation space in the train body. 30 
[0010] In the case where a tag is installed in the center 
area of a track, if a reader antenna is installed on the bottom of 
a train body just above the tag, since there are several kinds of 
under-floor equipment, such as a motor, under the bottom of 
the train body, electromagnetic waves from the antenna are 35 
reflected by the under-floor equipment, causing unstable 
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wireless communication with the tag. 
 

DISCLOSURE OF INVENTION 
[0011] A problem to be solved by the embodiments is to 
provide a wireless communication system and a wireless 5 
communication apparatus, capable of stable wireless 
communication between a train and the ground, with a low 
facility cost. 
[0012] In the present embodiment, there is provided a 
wireless communication system including a first tag installed on 10 
a ground outside a track for a running train, the first tag being 
driven by wirelessly received power,  

a second tag installed outside a side face of the train and 
above the first tag, the side face extending in a running 
direction, the second tag being driven by wirelessly received 15 
power,  

a wireless communicator which is installed in the train 
and performs wireless communication with the first tag and the 
second tag, and 

an antenna which is installed in the train and has a gain 20 
in directions of the first tag and the second tag. 
 

BRIEF DESCRIPTION OF DRAWINGS 
[0013] 

FIG. 1 is a block diagram schematically showing the 25 
configuration of a wireless communication system 1 according to 
a first embodiment; 

FIG. 2 is a block diagram showing an example in which a 
second tag is installed on a stay; 

FIG. 3 is a block diagram showing an example in which 30 
the second tag is installed under a platform; 

FIG. 4 is an illustration showing an example of a gain 
pattern of an antenna 5 modelled in three dimensions; 

FIG. 5 is an illustration showing an example of the 
antenna 5 having an omnidirectional gain pattern;  35 

FIG. 6 is an illustration showing beam divergence of an 
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antenna; and 
FIG. 7 is a block diagram schematically showing the 

configuration of a wireless communication system 1 according to 
a second embodiment. 
 5 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0014] 

Embodiments will be explained with reference to the 
drawings.  The following embodiments will be explained mainly 
with unique configurations and operations in a wireless 10 
communication system and a wireless communication apparatus.  
However, the wireless communication system and the wireless 
communication apparatus may have configurations and 
operations, the explanations of which are omitted in the 
following explanation.  These omitted configurations and 15 
operations fall within the scope of the present embodiment. 
[0015]  (First Embodiment) 

FIG. 1 is a block diagram schematically showing the 
configuration of a wireless communication system 1 according to 
a first embodiment.  The wireless communication system 1 of  20 
FIG. 1 is provided with a first tag 2, a second tag 3, a wireless 
communicator 4, and an antenna 5. 
[0016] The first tag 2 is installed on a ground 8 outside a 
track (railway) 7 on which a train 6 runs.  There are a plurality 
of first tags 2 installed on the ground 8 at regular or irregular 25 
intervals.  The first tag 2 may be installed in contact with the 
ground 8 or attached to a stay or the like extending upward 
from the ground 8. 
[0017] The second tag 3 is installed outside a side face 6a 
of the train 6, the side face 6a extending in a running direction, 30 
and installed above the first tag 2.  The second tag 3 may, for 
example, be attached to a side wall or the like of a platform 9 or 
attached to a stay 10 or the like extending upward from the 
ground 8, as shown in FIG. 2.  Moreover, as shown in FIG. 3, 
the second tag 3 may be suspended from a stay 10 or the like 35 
extending downward from the platform 9.  There is also a 
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plurality of second tags 3 installed at regular or irregular 
intervals. 
[0018] The first tag 2 and the second tag 3 are passive 
tags driven by power wirelessly received from the wireless 
communicator 4.  A memory (not shown) for storing individual 5 
identification information is built in each of the first tag 2 and 
the second tag 3.  The individual identification information is 
information for identifying each tag, with no particular limitation 
on its data format.  Information other than the individual 
identification information may be stored in the memory. 10 
[0019] The antenna 5 is attached to a bottom 6b of a 
body of the train 6.  The wireless communicator 4 is 
electronically connected with the antenna 5.  The wireless 
communicator 4 performs wireless communication with the first 
tag 2 and the second tag 3.  The wireless communicator 4 may 15 
only have a function as a reader for receiving the individual 
identification information stored in the first tag 2 and the 
second tag 3 or may have, in addition, a function as a writer to 
write some information in these tags. 
[0020] A wireless signal received by the antenna 5 is 20 
input to the wireless communicator 4 and subjected to a 
demodulation process.  Since the first tag 2 and the second tag 
3 are each a passive type, first of all, electromagnetic waves are 
radiated from the antenna 5 toward the first tag 2 and the 
second tag 3.  The first tag 2 and the second tag 3 accumulate 25 
power of received electromagnetic waves and then, using the 
accumulated power, radiate electromagnetic waves including the 
individual identification information from an antenna 5 of each  
tag.  The antenna 5 of the wireless communicator 4 receives 
electromagnetic waves transmitted from the first tag 2 and the 30 
second tag 3.  A high-frequency signal carried by the received 
electromagnetic waves is supplied from the antenna 5 to the 
wireless communicator 4.  The wireless communicator 4 
demodulates the high-frequency signal to acquire the individual 
identification information. 35 
[0021] The antenna 5 is installed, for example, above the 
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first tag 2.  In more specifically, it is preferable that the 
antenna 5 is installed on the bottom 6b of the train 6 in a zone 
from a location at the first tag-2 side to an end 6c of the side 
face 6a of the train 6 at the second tag-3 side, rather than the 
center in a transverse direction of the bottom 6b.  Since the 5 
first tag 2 is installed on the ground 8 outside the track 7, the 
antenna 5 is installed outside the center in the transverse 
direction of the bottom 6b of the train 6.  In the center area of 
the bottom 6b of the train 6, under-floor equipment, such as, 
several kinds of electrical equipment, for example, a motor and 10 
a bogie that supports the body of the train 6, are installed.  
Therefore, electromagnetic waves transmitted and received at 
the antenna 5 are reflected irregularly in the center area of the 
bottom 6b of the train 6, having not so good electromagnetic 
wave characteristics.  Since the edge side of the bottom 6b of 15 
the train 6 has few pieces of under-floor equipment installed.  
Therefore, by installing the antenna 5 in a location with few 
pieces of under-floor equipment, electromagnetic waves can be 
stably transmitted and received. 
[0022] Moreover, as shown in FIG. 1, when a direct 20 
distance between the first tag 2 and the second tag 3 is 
relatively short, both tags can perform stable wireless 
communication with the common antenna 5 at the train-6 side.  
Therefore, there is no need to install a plurality of antenna 5 
elements at the train-6 side for each tag, so that an RFID 25 
facility cost at the train-6 side can be reduced. 
[0023] In the example of FIG. 1, a normal direction of the 
first tag 2 on its installation surface and a normal direction of 
the second tag 3 on its installation surface intersect with each 
other.  In this case, the antenna 5 is installed, for example, 30 
inclined to the normal directions of both tags. 
[0024] The antenna 5 is, for example, a plane antenna 5 
having an asymmetrical structure, formed on a rectangular 
substrate.  FIG. 4 is an illustration showing an example of a 
gain pattern of the antenna 5 modelled in three dimensions.  35 
The antenna 5 of FIG. 4 has a higher gain in the directions of 
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the first tag 2 and the second tag 3.  In the example of FIG. 4, 
the distance from the antenna 5 to the second tag 3 is shorter 
than the distance from the antenna 5 to the first tag 2.  In this 
case, the gain in the direction from the antenna 5 to the second 
tag 3 is set to be lower than the gain in the direction from the 5 
antenna 5 to the first tag 2.  The formation of an antenna 5 
having a gain pattern such as shown in FIG. 4 can be realized 
by adjusting the antenna pattern shape and size, the location of 
a feeding point, etc. of the plane antenna 5.  The plane 
antenna 5 of FIG. 4 has a laminated structure of a flat board 10 
having an antenna pattern formed thereon and another flat 
board having a ground solid pattern formed thereon. 
[0025] It is desirable that the length of the antenna 5 in 
the longitudinal direction of the rectangular substrate is shorter 
than the wavelength of a used frequency, for compactness.  A 15 
compact antenna 5 can be realized with an inverted-L or –F 
shape antenna pattern, and the like. 
[0026] As described above, the antenna 5 in FIGS. 1 and 
4 has a gain pattern with a higher gain in the directions of the 
first and second tags 2 and 3.  Not only that, as shown in FIG. 20 
5, an antenna 5 having an almost omnidirectional gain pattern 
may perform stable wireless communication with the first and 
second tags 2 and 3. 
[0027] The individual identification information acquired 
by the wireless communicator 4 is used in position detection of 25 
the train 6, for example.  In the case of position detection of 
the train 6, for example, a position detector 11 and a tag-ID 
verification database 12 may be installed in the train 6.  The 
tag-ID verification database 12 stores individual identification 
information and the associated installation location information, 30 
for each tag.  The position detector 11 refers to the tag-ID 
verification database 12 using the individual identification 
information received from the first and second tags 2 and 3 to 
read the associated installation location information, thereby 
detecting the current position of the train 6. 35 
[0028] The individual identification information stored in 
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the first and second tags 2 and 3 may be used for a purpose 
other than the position detection of the train 6.  For example, 
speed detection of the train 6 is possible by acquiring 
information on the individual identification information that has 
passed within a predetermined period of time.  Or the 5 
individual identification information stored in the first and 
second tags 2 and 3 may be transmitted to a train operation 
managing center (not shown) by wired or wireless transmission 
from the train 6, for operation management on each train 6. 
[0029] It is desirable that position detection using the 10 
first and second tags 2 and 3 is possible even while the train 6 
is running at high or lower speeds.  It has been said that, in a 
conventional transponder, the gap between on-board equipment 
and ground equipment is about 25 cm, capable of receiving 
eight telegram massages in succession at a speed of 160 km/h. 15 
[0030] If the time required for receiving one frame with 
the RFID is 5 ms, the travel distance for eight frames at the 
speed of 160 km/h is 1.78 m.  Therefore, a tag readable range 
is 1.96 m with a 10% margin.  If it is supposed that the 
distance between the antenna 5 at the train-6 side and the tag 20 
is 30 cm, and if the sizes of the antenna 5 and the tag are 
neglected, beam divergence of the antenna 5 requires at least 
148° as shown in FIG. 6.  In this case, a position detection 
error in the running direction of the train 6 is ± 98 cm. 
[0031] If the distance between the antenna 5 at the 25 
train-6 side and the tag is 10 cm, and if the beam divergence of 
the antenna 5 is 148° the same as above, a tag readable range 
is 65 cm, with ± 32.5 cm in position detection error.  The 
maximum speed at which eight frames are successively 
readable in a readable range of 65 cm is 58.5 km/h.  It is 30 
therefore possible to improve position detection accuracy at the 
speed of 58.5 km/h or lower. 
[0032] As described above, the best distance between the 
antenna 5 (for example, a reader antenna 5) at the train-6 side 
and the tag depends on the maximum speed of the train 6 and 35 
the position detection accuracy.  In general, the train 6 runs 
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close to the platform 9, so that it is possible to make the 
distance between the side face 6a of the train 6 and the 
platform 9 shorter than the distance between the body bottom 
6b of the train 6 and the ground 8 under the bottom 6b.  
Accordingly, in the present embodiment, the first tag 2 is 5 
installed on the ground 8 outside the track 7 and the second tag 
3 is installed on the side face 6a or the like of the platform 9.  
Therefore, the distance between the first tag 2 and the antenna 
5 becomes longer than the distance between the second tag 3 
and the antenna 5.  At high speed running, the individual 10 
identification information of the first tag 2 is received by the 
antenna 5 to improve reading characteristics at high speeds.  
At low speed running, the individual identification information of 
the second tag 3 is received by the antenna 5 to improve 
position detection accuracy at low speeds.  15 
[0033] As described above, in the first embodiment, the 
first tag 2 is installed on the ground 8 outside the track 7 of the 
train 6 and the second tag 3 is installed at the side face-6a side 
of the train 6.  Stable wireless communication is achieved by 
the antenna 5 installed at the bottom-6b side of the train 6, 20 
with the first and second tags 2 and 3.  Accordingly, with a low 
facility cost, the individual identification information stored in 
the first and second tags 2 and 3 can be received by the 
antenna 5 at the train-6 side to make possible the position 
detection of the train 6 using the RFID.  The facility cost is 25 
much lower than using the conventional transponder, track 
circuity, etc. 
[0034] Moreover, for example, by setting the distance 
from the first tag 2 to the antenna 5 longer than the distance 
from the second tag 3 to the antenna 5, position detection of 30 
the train 6 running at high speeds can be surely performed 
using the first tag 2 while position detection of the train 6 
running at low speeds can be accurately performed using the 
second tag 3. 
[0035] Furthermore, by adjusting a gain pattern of the 35 
antenna 5 so as to have a higher gain in the direction of the 
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first tag 2 and in the direction of the second tag 3, it is possible, 
with only one antenna 5, to perform wireless communication 
with the first and second tags 2 and 3, achieving reduction of an 
RFID facility cost at the train-6 side. 
[0036] Still furthermore, in the present embodiment, 5 
since the first tag 2 is installed on the ground 8 outside the 
track 7, the first tag 2 and the second tag 3 can be closely 
arranged, and the antenna 5 can be installed at the edge side of 
the bottom 6b of the train 6.  Accordingly, the antenna 5 can 
be installed at a location with less electromagnetic wave 10 
interferences from a several kinds of under-floor equipment 
installed in the bottom 6b of the train 6.  Therefore, the 
antenna 5 can perform wireless communication with the first 
and second tags 2 and 3 in a state of less electromagnetic wave 
interferences. 15 
[0037] (Second Embodiment) 
 In a second embodiment, separate antenna elements are 
installed at the trains-6 side in association with respective tags, 
with one wireless communicator 4 connected to two antenna 
elements functioning as one antenna. 20 
[0038] FIG. 7 is a block diagram schematically showing 
the configuration of a wireless communication system 1 
according to the second embodiment. The wireless 
communication system 1 of FIG. 7 is the same as that of the 
first embodiment, except for the configuration of an antenna 5 25 
installed at the edge side of the bottom 6b of the train 6. 
[0039] The antenna 5 of FIG. 7 has a first antenna unit 5a 
and a second antenna unit 5b.  The first antenna unit 5a has 
directivity in the direction of the first tag 2, with no directivity in 
the direction of the second tag 3.  The first antenna unit 5a is 30 
used for wireless communication only with the first tag 2.  The 
second antenna unit 5b has directivity in the direction of the 
second tag 3, with no directivity in the direction of the first tag 
2.  The second antenna unit 5b is used for wireless 
communication only with the second tag 3. 35 
[0040] The first antenna unit 5a and the second antenna 
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unit 5b are arranged apart from each other.  In other words, 
the first antenna unit 5a and the second antenna unit 5b can 
transmit and receive electromagnetic wave irrespective of each 
other.  The first antenna unit 5a and the second antenna unit 
5b may be formed on the same substrate with different antenna 5 
patterns or on separate substrates.  FIG. 7 shows a schematic 
example of the first antenna unit 5a and the second antenna 
unit 5b formed on separate substrates, which is merely one 
example.  
[0041] Since it is enough for the first antenna unit 5a and 10 
the second antenna unit 5b each to have directivity in one 
direction only, the antenna 5 can be designed easier than the 
antenna 5 having directivity in two directions in the first 
embodiment. 
[0042] Nevertheless, in the case where the distance 15 
between the first tag 2 and the first antenna unit 5a is longer 
than the distance between the second tag 3 and the second 
antenna unit 5b, the first antenna unit 5a is required to have a 
higher antenna gain than the second antenna unit 5b. 
[0043] As described above, in the second embodiment, 20 
since the first antenna unit 5a is associated with the first tag 2 
while the second antenna unit 5b is associated with the second 
tag 3, even if the first tag 2 and the second tag 3 are installed 
in different directions, the antenna units can perform wireless 
communication with the respective tags with an appropriate 25 
gain, improving position detection accuracy, for example. 
[0044] While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inventions.  
Indeed, the novel methods and systems described herein may 30 
be embodied in a variety of other forms; furthermore, various 
omissions, substitutions and changes in the form of the 
methods and systems described herein may be made without 
departing from the spirit of the inventions.  The accompanying 
claims and their equivalents are intended to cover such forms or 35 
modifications as would fall within the scope and spirit of the 
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inventions. 
Description of Reference Numerals 

[0045] 1 wireless communication system, 2 first tag, 3 
second tag, 4 wireless communicator, 5 antenna, 5a first 
antenna unit, 5b second antenna unit, 6 train, 7 track, 8 ground, 5 
9 platform, 10 stay, 11 position detector, 12 tag-ID verification 
database 
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CLAIMS 
 
1. A wireless communication system comprising: 

a first tag installed on a ground outside a track for a 
running train, the first tag being driven by wirelessly received 
power; 

a second tag installed outside a side face of the train and 
above the first tag, the side face extending in a running 
direction, the second tag being driven by wirelessly received 
power; 

a wireless communicator which is installed in the train 
and performs wireless communication with the first tag and the 
second tag; and 

an antenna which is installed in the train and has a gain 
in directions of the first tag and the second tag. 

 
2. The wireless communication system of claim 1, wherein 
the antenna is installed in a range from a location at the first 
tag side to an end of the side face of the train at the second tag 
side, rather than a center in a transverse direction of a bottom 
of the train. 
 
3. The wireless communication system of claim 1 or 2, 
wherein a distance from the antenna to the first tag is longer 
than a distance from the antenna to the second tag. 
 
4. The wireless communication system of claim 3, wherein 
the antenna comprises a plane antenna having a higher gain to 
the first tag than to the second tag. 
 
5. The wireless communication system of claim 4, wherein 
the plane antenna has a higher gain in the directions of the first 
tag and the second tag than in a normal direction of a main 
surface radiating electromagnetic waves of the plane antenna. 
 
6. The wireless communication system of claim 1, wherein 



 

 

14 

the antenna comprises: 
a first antenna unit having directivity in the direction of 

the first tag; and 
a second antenna unit which is installed apart from the 

first antenna unit and has directivity in the direction of the 
second tag, 

wherein the wireless communicator is connected to the 
first antenna unit and the second antenna unit. 

 
7. The wireless communication system of claim 1, wherein 
the wireless communicator comprises a reader to read 
information stored in the first antenna unit and the second 
antenna unit. 
 
8. A wireless communication apparatus comprising: 
 a wireless communicator to perform wireless 
communication with a first tag installed on a ground outside a 
track for a running train and to perform wireless communication 
with a second tag installed outside a side face of the train and 
above the first tag, the side face extending in a running 
direction; and 

at least one antenna having a higher gain to the first tag 
than to the second tag. 
 
9. The wireless communication apparatus of claim 1, 
wherein the antenna is installed in a range from a location at 
the first tag side to an end of the side face of the train at the 
second tag side, rather than a center in a transverse direction of 
a bottom of the train. 
 
10. The wireless communication apparatus of claim 8 or 9, 
wherein a distance from the antenna to the first tag is longer 
than a distance from the antenna to the second tag. 
 
11. The wireless communication apparatus of claim 10, 
wherein the antenna comprises a plane antenna having a higher 
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gain to the first tag than to the second tag. 
 
12. The wireless communication apparatus of claim 11, 
wherein the plane antenna has a higher gain in directions of the 
first tag and the second tag than in a normal direction of a main 
surface radiating electromagnetic waves of the plane antenna. 
 
13. The wireless communication apparatus of claim 8, 
wherein the antenna comprises: 

a first antenna unit having directivity in a direction of the 
first tag; and 

a second antenna unit which is installed apart from the 
first antenna unit and has directivity in a direction of the second 
tag, 

wherein the wireless communicator is connected to the 
first antenna unit and the second antenna unit. 
 
14. The wireless communication apparatus of claim 8, 
wherein the wireless communicator comprises a reader to read 
information stored in the first antenna unit and the second 
antenna unit. 


