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DESCRIPTION 

TITLE OF THE INVENTION: INFORMATION DISPLAY DEVICE 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to an information di splay device 

that provides various categories of information to passengers in 

a vehicle such as a railroad vehicle. 

 

BACKGROUND ART 

[0002] 

 As services to passengers of railroads or the like , various 

categories of information such as operating conditi ons, current 

location, or the like are provided by using informa tion display 

devices installed in vehicles.  An information disp lay device is 

installed, for example, in space above an entrance door, the space 

above a passage, or the like, and displays informat ion by using 

a display device such as a Light Emitting Diode (LE D) or a Liquid 

Crystal Display (LCD).  Display contents and their switching timing 

are provided separately from a control device insta lled in a train, 

and delivered to each information display device. 

[0003] 

 Conventionally, this delivery from the control uni t is 

performed through a network that uses wires.  As a result, 

installation of information display devices in an e xisting vehicle 

requires burdensome wiring work.  Further, installa tion of 

equipment such as network equipment is required als o. 

[0004] 
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 To simplify installation work in an existing vehic le, for 

example the system described in Patent reference 1 uses a wireless 

Local Area Network (LAN).  This system simplifies i nstallation by 

partially using a wireless LAN for delivering infor mation to 

information display devices. 

 

PRIOR ART REFERENCE 

PATENT REFERENCE 

[0005] 

PATENT REFERENCE 1: Japanese Patent Publication No. 5480771 

(Paragraphs 0012 - 0035, Fig. 1) 

 

SUMMARY OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0006] 

 However, a wireless system using radio wave has di fficulty 

in communication between vehicles, and thus wiring work is still 

required at key portions of a LAN that connect vehi cles with each 

other.  In addition, work is required for installin g network control 

equipment such as a wireless LAN access point or a DHCP server.  

Further, it is necessary to install RFID tags for i dentifying 

installation positions in vehicles, and this requir es time and effort 

for installation work of RFID tags and for issuing and managing 

RFI tags, for example.  Accordingly, a system using  a wireless LAN 

can have only a partial effect in simplification fr om a viewpoint 

of the whole installation work. 

[0007] 

 Further, a currently-prevailing wireless LAN syste m uses 
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a radio wave of the ISM band.  The ISM band is orig inally a band 

for a radio source of non-communication use.  Accor dingly, it should 

be taken as the premise that stable communication i s not possible 

due to interference of another radio source when a wireless LAN 

system is used for a communication purpose. 

[0008] 

 Further, since a radio wave can be used without a license 

when some requirements are satisfied, the ISM band is also used 

for various communication purposes.  In particular,  owing to the 

widespread use of smartphones and tablet terminals having a plurality 

of wireless communication functions in addition to a wireless 

function for original telephone communication, ther e are a lot of 

radio waves of a wireless LAN, Bluetooth, and the l ike within a 

train.  Thus it is possible that these interfere wi th the wireless 

LAN, to make communication unstable. 

[0009] 

 In addition, considering along a railroad, vehicle s 

themselves that a train or a passing train has beco me sources of 

radio disturbance; and facilities such as overhead wires or power 

lines, and the like become sources of radio disturb ance.  Accordingly, 

it is difficult to use stably a wireless LAN that u ses a radio wave. 

[0010] 

 Thus, an object of the present invention is to pro vide an 

information display device that is easy in installa tion work and 

hardly affected by radio wave interference. 

 

MEANS OF SOLVING THE PROBLEM 

[0011] 
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 One mode of the present invention provides an info rmation 

display device for transmitting and receiving data to and from 

one another, comprising: a display panel that displ ays information; 

and a plurality of optical communication modules th at perform 

transmission and reception of the data including th e information 

to be displayed on the display panel by wireless us ing light; wherein, 

the plurality of optical communication modules incl ude a first 

optical communication module directed in a first di rection and 

a second optical communication module directed in a  different 

direction from the first direction; and the data re ceived by the 

first optical communication module is transmitted f rom the second 

optical communication module. 

 

EFFECTS OF THE INVENTION 

[0012] 

 According to the present invention, by using optic al 

communication, it is possible to provide an informa tion display 

device that is easy in installation work and hardly  affected by 

radio wave interference. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

 Fig. 1 is a block diagram showing schematically a 

configuration of an information display device acco rding to a first 

and a second embodiments; 

 Fig. 2 is a schematic diagram showing an example o f a hardware 

configuration of the information display device acc ording to the 

first and the second embodiments; 



637969WO01T 

 

   5 

 Fig. 3 is a schematic view showing an example of a n outer 

configuration of the information display device of the first 

embodiment when the information display device is m ade to be a 

so-called hanging type device that is placed in spa ce above a passage; 

 Fig. 4 is a schematic diagram showing an example i n which 

the information display devices of the first embodi ment are placed 

in vehicles; 

 Fig. 5 is a schematic diagram for explaining a com municable 

angle of an optical communication part in the infor mation display 

device of the first embodiment; 

 Fig. 6 is a schematic diagram for explaining a com municable 

angle of an optical communication part in the infor mation display 

device of the first embodiment; 

 Fig. 7 is a flowchart showing data transmission an d reception 

control of the information display device of the fi rst embodiment; 

 Fig. 8 is a flowchart showing data transmission an d reception 

control of the information display device of the se cond embodiment; 

 Fig. 9 is a block diagram showing schematically a 

configuration of an information display device acco rding to a third 

– a fifth embodiments; 

 Fig. 10 is a schematic diagram showing an example of a hardware 

configuration of the information display device of the first – the 

third embodiments; 

 Fig. 11 is a schematic view showing an example of an outer 

configuration of the information display device of the third 

embodiment when the information display device is m ade to be a 

so-called above-entrance-door installation type dev ice that is 

placed above an entrance door; 
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 Fig. 12 is a schematic diagram showing an example in which 

the information display devices of the third embodi ment are placed 

in vehicles; 

 Fig. 13 is a flowchart showing data transmission a nd reception 

control of the information display device of the th ird embodiment; 

 Fig. 14 is a diagram showing an example of connect ion 

information in the third embodiment; 

 Fig. 15 is a diagram showing an example of update of the 

connection information in the third embodiment; 

 Fig. 16 is a flowchart showing connection informat ion 

transmission and reception control for detecting an  installation 

position in the third embodiment; 

 Fig. 17 is a schematic view showing an example of an outer 

configuration of the information display devices of  the fourth 

embodiment when the information display devices are  made to be 

so-called above-gangway installation type devices t hat are placed 

above a gangway between vehicles; and 

 Fig. 18 is a schematic diagram showing arrangement  of the 

information display devices of the fourth embodimen t in a train. 

 

MODE FOR CARRYING OUT THE INVENTION 

[0014] 

FIRST EMBODIMENT 

 Fig. 1 is a block diagram showing schematically a 

configuration of an information display device 100 as an information 

display device according to a first embodiment.  Re ference 

characters shown in parentheses indicate components  in a second 

embodiment. 
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[0015] 

 The information display device 100 has one or more  display 

parts 101; a display data switching part 104; a con trol part 105; 

one or more optical communication parts 106; and a storage part 

107. 

 The storage part 107 has a data accumulation part 102; and 

a data storage part 103. 

 A plurality of information display devices 100 are  installed 

in a vehicle. 

 The display data switching part 104 is an example of a display 

control part. 

[0016] 

 The display part 101 displays various categories o f 

information.  The information includes character in formation, image 

information, or the like. 

[0017] 

 The data accumulation part 102 stores data for dis playing 

information on the display part 101, data for ident ifying position 

and the like of the information display device 100,  and the like. 

[0018] 

 The data storage part 103 stores data for processi ng in the 

information display device 100.  For example, the d ata stored in 

the data storage part 103 are information such as t emporary data 

used by the control part 105, data transmitted and received by the 

information display device 100, or intermediate val ues of arithmetic 

operation. 

[0019] 

 The display data switching part 104 causes the dis play part 
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101 to display information, based on the data store d in the data 

accumulation part 102.  Further, the display data s witching part 

104 switches information displayed on the display p art 101. 

[0020] 

 The control part 105 controls processing in the in formation 

display device 100.  For example, the control part 105 controls 

communication performed by the optical communicatio n part 106 with 

another information display device 100, data accumu lation performed 

by the storage part 107, and the like.  Further, di splaying of 

information on the display part 101, switching of d isplay depending 

on the location and conditions of the train, and th e like, which 

are performed by the display data switching part 10 4, are controlled 

by the control part 105. 

[0021] 

 The optical communication part 106 performs wirele ss 

communication using light.  For example, the optica l communication 

part 106 is installed to face another information d isplay device 

100.  The optical communication part 106 performs o ptical space 

communication or optical wireless communication.  T he “optical 

space communication” is optical communication utili zing space 

propagation.  The “optical wireless communication” is communication 

using a light ray, which is one type of wireless co mmunication.  

In other words, the optical communication part 106 performs 

communication without using a communication path su ch as optical 

fiber.  Here, the “communication path” means a medi um for 

transferring information from a transmitter of the information to 

a recipient. 

[0022] 
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 Typically, the optical communication part 106 has a light 

emitting element and a light receiving element.  A pair of optical 

communication parts 106 positioned to face each oth er perform 

one-to-one communication.  However, many other vari ations can be 

considered. 

[0023] 

 The storage part 107 has the data accumulation par t 102 and 

the data storage part 103 as components. 

[0024] 

 Fig. 2 is a schematic diagram showing an example o f a hardware 

configuration of each information display device 10 0. 

[0025] 

 Each information display device 100 has one or mor e display 

panels 11; a CPU 15; one or more optical communicat ion modules 16; 

and a memory 17. 

 The memory 17 includes a nonvolatile memory 12 and  a volatile 

memory 13. 

 In Fig. 2, reference characters shown in parenthes es indicate 

components in the second embodiment. 

[0026] 

 The CPU 15 functions as a processor.  The processo r is hardware 

for executing instruction sets described in softwar e programs.  

Although one CPU is used in Fig. 2, a plurality of CPUs 15 may be 

employed to perform processing. 

[0027] 

 For example, the display part 101 can be substanti alized 

when the CPU 15 uses the display panel 11.  For exa mple, the display 

part 101 is substantialized when the CPU 15 takes o ut image data 
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from the nonvolatile memory 12 and renders the imag e data on the 

display panel 11. 

[0028] 

 The data accumulation part 102 of Fig. 1 can be su bstantialized 

when the CPU 15 uses the nonvolatile memory 12.  Th at is to say, 

by storing and reading data to and from the nonvola tile memory 12 

by the CPU 15, the data accumulation part 102 can s tore and read 

display data, installation information, or informat ion such as order 

of data transfer. 

[0029] 

 The data storage part 103 of Fig. 1 can be substan tialized 

when the CPU 15 uses the volatile memory 13.  That is to say, by 

storing and reading data to and from the volatile m emory 13 by the 

CPU 15, the data storage part 13 can store communic ation data or 

information such as intermediate values of arithmet ic operation. 

[0030] 

 The display data switching part 104 and the contro l part 

105 of Fig. 1 can be substantialized when the CPU 1 5 reads programs 

stored in the nonvolatile memory 12 into the volati le memory 13 

and executes those programs.  That is to say, the C PU 15 selects 

image data to be displayed on the display panel 11 depending on 

a lapse of time, a traveling location of the vehicl e, conditions 

of the vehicle, and renders the selected image data  on the display 

panel 11.  In other words, the CPU 15 of Fig. 2 has  the functions 

of the display data switching part 104 and the cont rol part 105 

of Fig. 1. 

[0031] 

 The optical communication part 106 of Fig. 1 can b e 
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substantialized when the CPU 15 uses the optical co mmunication module 

16.  That is to say, the CPU 15 sends data, which t he CPU 15 desires 

to transmit, to the optical communication module 16 .  Further, the 

CPU 15 receives data received by the optical commun ication module 

16.  By these operations, the optical communication  part 106 can 

perform wireless communication using light.  At tha t time, depending 

on the type of the optical communication module 16,  there is either 

a case where the CPU 15 sends and receives informat ion as data to 

and from the optical communication module 16, or a case where the 

CPU 15 performs conversion into the level of a blin king signal so 

as to control the optical communication module 16 d irectly. 

[0032] 

 In the case where the CPU 15 sends and receives in formation 

as data to and from the optical module 16, the CPU 15 delivers data 

to be transmitted in the form of character data or numerical data 

to the optical communication module 16.  Then, the optical 

communication module 16 converts the data into a bl inking light 

of a prescribed format to transmit the converted da ta.  At the time 

of receiving data, the optical communication module  16 receives 

blinking of light, and measures the blinking patter n.  When the 

received blinking signal coincides with a blinking signal of a 

prescribed format, the received data is interpreted  as character 

data or numerical data.  Then, the data whose inter pretation has 

been finished by the optical communication module 1 6 is received 

by the CPU 15. 

[0033] 

 In the case where the optical communication module  16 is 

directly controlled by converting the data into the  level of a blinking 
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signal, usually the optical module 16 has simply a light emitting 

element and a light receiving element.  The CPU 15 converts the data 

to be transmitted into an ON signal or an OFF signa l of a prescribed 

format.  Further, the CPU 15 adds a control signal for the optical 

communication module 16, and outputs the signal to a control terminal 

of the light emitting element to cause the light em itting element 

to blink directly. 

[0034] 

 At the time of receiving data, for example, an ele ctric signal 

outputted by the light receiving element is measure d and the times 

of turning-on and turning-off of the received light  are recorded.  

The CPU 15 finds out a pattern of the ON signal or OFF signal of 

the prescribed format from the record of the times of turning-on 

and turning-off, to interpret the pattern as data.  Such a method 

is usually used in the case where a relatively simp le optical signal 

format such as a format in an infrared remote contr oller of a home 

electric appliance is used. 

[0035] 

 Although an example of a blinking light signal has  been 

described, it can be considered to use another meth od utilizing 

change of color, change of the number of light emit ting points, 

or a configuration of light emitting points, for ex ample. 

[0036] 

 Referring to Fig. 2, the description has been give n taking 

an example where the display data switching part 10 4 and the control 

part 105 are substantialized when the CPU 15 execut es the programs.  

However, the embodiment is not limited to this exam ple. 

[0037] 
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 For example, all or a part of the functions of the  display 

data switching part 104 and the control part 105 ma y be substantialized 

by hardware using an integrated logic IC such as Ap plication Specific 

Integrated Circuits (ASIC) or a Field Programmable Gate Array (FPGA), 

based on instructions of the CPU 15.  Alternatively , all or a part 

of the functions of the display data switching part  104 and the 

control part 105 may be substantialized by software  used by a Digital 

Signal Processor (DSP), based on instructions of th e CPU 15. 

[0038] 

 Fig. 3 is a schematic view showing an example of a n outer 

configuration of the information display device 100 . 

 Fig. 3 shows a hanging type information display de vice 100.  

Here, the “hanging type” means hanging of a poster or the like in 

space above a passage of a train or a bus, for exam ple. 

 In Fig. 3, the direction Df indicates the front si de of a 

vehicle, and the direction Db the rear side of the vehicle. 

[0039] 

 In this example, the information display device 10 0 is 

installed in space above a passage of a vehicle.  F urther, the 

information display device 100 has a display part 1 01a in the front 

surface of the information display and a display pa rt 101b in the 

rear surface of the information display device 100,  so that it is 

easy to see the display parts from both of the fron t side and the 

rear side. 

[0040] 

 Further, other information display devices 100 are  placed 

on the front and rear sides of this information dis play device 100.  

Accordingly, optical communication parts 106a and 1 06b are 
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positioned to face forward and backward, respective ly.  In other 

words, the optical communication parts 106a and 106 b are positioned 

to face in the different directions from each other .  Here, the 

optical communication parts 106a and 106b are posit ioned to face 

opposite directions from each other.  That is to sa y, the optical 

communication part 106 faces in the direction Df, a nd the optical 

communication part 106b in the direction Db. 

[0041] 

 In Fig. 3, the optical communication parts 106a an d 106b 

are positioned in the upper parts of the informatio n display device 

100.  This is for the purpose of positioning an opt ical communication 

path near the ceiling, so that communication is not  prevented by 

passengers or their luggage.  Here, the “optical co mmunication path” 

means space through which light used for optical co mmunication 

passes. 

[0042] 

 In the case where a structural object or the like exists 

on the ceiling and becomes a blockage or where opti cal communication 

is performed through a gangway that connects vehicl es with each 

other, the optical communication parts 106 can be p ositioned in 

the lower parts of the information display device 1 00.  Alternatively, 

the optical communication parts 106 may be position ed to project 

from the information display device 100.  The “gang way” means a 

passage provided in a connection part of a train, t hrough which 

passengers can move between vehicles. 

[0043] 

 Fig. 4 is a schematic diagram showing an example o f arrangement 

of the information display devices 100 shown in Fig . 3, which are 
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installed in vehicles 901a and 901b.  Fig. 4 is a s chematic view 

of a train 900 seen in the lateral direction. 

[0044] 

 The train 900 is usually operated with a plurality  of vehicles 

connected.  For example, in Fig. 4, the train 900 h as the vehicle 

901a and the vehicle 901b that are connected with e ach other by 

a coupler (not shown).  When it is not necessary to  differentiate 

the vehicle 901a and the vehicle 901b, they are ref erred to as 

vehicle(s) 901.  Some trains 900 are of a small sca le having only 

one vehicle 901, while other trains 900 are of a la rge scale having 

dozens of vehicles 901. 

[0045] 

 For the sake of explanation, Fig. 4 shows an examp le where 

the train 900 has two vehicles 901.  In Fig. 4, ref erence characters 

in parentheses indicate examples in the second embo diment. 

[0046] 

 The information display devices 100 are arranged a long the 

passages of the vehicles 901.  Further, the informa tion display 

devices 100 are arranged dispersedly in the longitu dinal direction 

of the vehicles 901.  In other words, the informati on display devices 

100 are arranged at intervals in the longitudinal d irection of the 

vehicles 901. 

[0047] 

 Further, the information display devices 100 are i nstalled 

so that display surfaces of the display parts 101 f ace each other, 

for example.  Here, three information display devic es 100 are 

installed for each vehicle 901.  In the train 900 a s a whole, six 

information display devices 100a, 100b, 100c, 100d,  100e, and 100f 
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are installed. 

[0048] 

 Further, in the head or the tail of the train 900,  a train 

operation system 910 is placed.  The train operatio n system 910 

functions as an information processing device. 

[0049] 

 The train operation system 910 transmits data to t he 

information display device 100a placed in the neigh borhood by using 

optical communication or another interface (not sho wn).  

Alternatively, it is also possible that an operator  930 has a terminal 

device 920 as an information processing device, and  transmits data 

from the terminal device 920 to the information dis play device 100a 

by using optical communication or another interface  (not shown). 

[0050] 

 The “interface” is what determines a connection fo rm for 

connecting a plurality of devices to perform commun ication.  Here, 

the interface is a form of communication between th e information 

display device 100a and the train operation system 910 or the terminal 

device 920.  The above-mentioned “another interface ” means wired 

or wireless communication, for example. 

[0051] 

 In the example shown in Fig. 4, the information di splay device 

100c and the information display device 100d commun icate with each 

other through the connection part between the vehic les.  In this 

case, an optical communication part 106 of the info rmation display 

device 100c and an optical communication part 106 o f the information 

display device 100d are positioned so that each opt ical communication 

part can see the other optical communication part.  In other words, 
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nothing interrupts light used for communication bet ween the optical 

communication part 106 of the information display d evice 100c and 

the optical communication part 106 of the informati on display device 

100d.  Accordingly, light emitted from the optical communication 

part 106 of the information display device 100c can  reach the optical 

communication part 106 of the information display d evice 100d.  Which 

allows optical communication. 

[0052] 

 Optical communication through a connection part of  vehicles 

is also affected by conditions of the train 900.  F ig. 5 and Fig. 

6 are schematic diagrams for explaining a communica ble angle of 

an optical communication part 106 of the informatio n display device 

100.  Both Fig. 5 and Fig. 6 are schematic diagrams  of vehicle(s) 

seen from above.  Description will be given referri ng to Fig. 5 and 

Fig. 6. 

[0053] 

 The information display device 100c is mounted in the end 

area in the longitudinal direction of the vehicle 9 01a.  The 

information display device 100c has the optical com munication part 

106b.  The optical communication part 106b is direc ted toward the 

adjacent vehicle 901b. 

[0054] 

 Further, the information display device 100d is mo unted in 

the end area in the longitudinal direction of the v ehicle 901b.  

The information display device 100d has the optical  communication 

part 106a.  The optical communication part 106a is directed toward 

the adjacent vehicle 901a. 

[0055] 
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 The optical communication part 106b can emit light  used for 

communication in the range of an effective angle AN G.  In other words, 

the effective angle ANG is an angle that allows the  optical 

communication part 106 to perform communication. 

[0056] 

 As shown in Fig. 6, the optical communication part  106b of 

the information display device 100c emits light tow ard the optical 

communication part 106a of the information display device 100d.  

Further, the optical communication part 106a of the  information 

display device 100d emits light toward the optical communication 

part 106b of the information display device 100c. 

[0057] 

 When the optical communication part 106a of the in formation 

display device 100d goes out of this range (effecti ve angle ANG) 

from the position where the optical communication p art 106a faces 

the optical communication part 106b of the informat ion display device 

100c, communication between them stops.  Accordingl y, for example, 

to perform communication during operation of the tr ain 900, it is 

necessary to set the effective angle ANG so that th e optical 

communication part 106a remains in the range allowi ng communication 

even if the angle of the vehicle 901b to the vehicl e 901a becomes 

the assumed maximum value while the train 900 is mo ving. 

[0058] 

 When the train 900 is in a curved section of a rai lroad, 

vehicles 901 adjacent to each other in the longitud inal direction 

of the train 900 are not aligned in a line, but hav e a positional 

relationship of forming an angle with each other. 

[0059] 
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 The angle between the vehicles 901 when the train 900 is 

in a curved section of a railroad is determined by the vehicle length, 

the curvature radius of the railroad, and the incli nation amounts 

of cant and the vehicles 901 themselves. 

 The vehicle length is the length of a vehicle and represents 

a distance between the coupling surfaces of one veh icle 901.  The 

curvature radius represents a degree of curving of the railroad.  

The cant represents inward inclination of the railr oad surface. 

[0060] 

 In fact, in the operating section, the angle becom es maximum 

in a low-speed section having a small curvature rad ius.  In that 

section, the inclination amounts of cant and the ve hicles themselves 

are small.  Accordingly, it is possible to calculat e the angle between 

vehicles 901 approximately from the vehicle length and the curvature 

radius. 

[0061] 

 A vehicle length and a minimum curvature radius th at are 

standard are determined by each railroad company fo r each line.  

Thus, the maximum value of the angle between vehicl es 901 (maximum 

angle between vehicles) in a train 900 traveling a specific line 

is expressed approximately by the equation (1). 

[Equation 1] 

 

 

[0062] 

 It is possible that the angle between vehicles 901  swings 

in a horizontal direction.  In other words, the tra in 900 may turn 

to the right or to the left.  Accordingly, the opti cal communication 

)1(
2

tan2 1

radiuscurvatureMinimum

lengthVehicle
vehiclesbetweenangleMaximum
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part 106b requires that the effective angle ANG of optical 

communication is more than or equal to twice the ma ximum value of 

the angle between vehicles. 

[0063] 

 That is to say, when the effective angle ANG of op tical 

communication for the optical communication part 10 6b satisfies 

the equation (2), the optical communication part 10 6 can perform 

communication even if the train 900 is passing thro ugh a curved 

railroad section.  In the equation (2), “Optical co mmunication 

effective angle” represents the effective angle ANG  of optical 

communication. 

[Equation 2] 

 

 

[0064] 

 For example, in the case where the standards for t he target 

line are the vehicle length of 20 m, the minimum cu rvature radius 

of 400 m in a high-speed traveling section, and the  minimum curvature 

radius of 100 m in a low-speed traveling section, t he effective 

angle ANG of optical communication can be calculate d by using the 

minimum curvature radius of 100 m in a low-speed tr aveling section 

of a large curvature.  By applying the equation (2) , it is found 

that the effective angle ANG of optical communicati on requires 28 

degrees or more.  Depending on conditions, for exam ple, it is possible 

to use, in part, wired communication or wireless sy stem for connecting 

the information display devices 100 with each other .  Wired 

communication uses optical fiber, or electric wire,  for example.  

Wireless system uses radio wave, for example. 

)2(
2

tan4 1
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angleeffectiveioncommunicatOptical

÷× −
＞



637969WO01T 

 

   21

[0065] 

 Fig. 7 is a flowchart showing data transmission an d reception 

control of the information display device 100 in th e first embodiment. 

[0066] 

 First, in the step S10, the information display de vice 100 

is in a reception standby state.  When one of the o ptical 

communication parts 106 receives data, the processi ng proceeds to 

the step S11.  For example, the information display  device 100 shown 

in Fig. 3 has two optical communication parts 106a and 106b. 

[0067] 

 In the step S11, the control part 105 causes the d ata storage 

part 103 to store optical communication part identi fication 

information D 1 for identifying the optical communication part 106  

that has received data D 0.  Here, as the optical communication part 

identification information D 1, information on the position of the 

optical communication part 106 arranged in the info rmation display 

device 100 can be used. 

[0068] 

 Next, in the step S12, the control part 105 causes  the data 

accumulation part 102 to accumulate the received da ta D 0. 

[0069] 

 Next, in the step S13, the control part 105 select s an optical 

communication part 106 (transmission destination) t o which the 

received data D 0 is to be transmitted.  Here, for example, the cont rol 

part 105 performs transmission from all the optical  communication 

parts 106 that have not been used for receiving the  data D 0.  Taking 

the information display device 100 shown in Fig. 3 as an example, 

in the case where the information display device 10 0 has received 
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the data by the optical communication part 106a, tr ansmission is 

performed from the optical communication part 106b.  

[0070] 

 In the step S14, the control part 105 sends the re ceived 

data D 0 to the selected optical communication part 106, an d causes 

the selected optical communication part 106 to tran smit the data 

D0. 

[0071] 

 Then, after completion of the transmission of the data D 0, 

the control part 105 returns to the reception stand by state (S10) 

again. 

[0072] 

 Application of the control shown in Fig. 7 to the information 

display device 100 shown in Figs. 1 and 3 will be d escribed. 

[0073] 

 The information display device 100 in the receptio n standby 

state (S10) receives data D 0 by the optical communication part 106a. 

[0074] 

 On receiving the data D 0, the control part 105 causes the 

data storage part 103 to store optical communicatio n part 

identification information D 1 of the optical communication part 106a 

that has received the data D 0 (S11). 

[0075] 

 Then, the control part 105 causes the data accumul ation part 

102 to accumulate the received data D 0 (S12). 

[0076] 

 Further, referring to the optical communication pa rt 

identification information D 1 stored in the data storage part 103, 
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the control part 105 selects the optical communicat ion part 106b 

that has not received the data D 0 (S13). 

[0077] 

 Then, the control part 105 causes the optical comm unication 

part 106b, which is mounted on the back side, to tr ansmit the received 

data D 0 (S14). 

[0078] 

 That is to say, the information display device 100  of the 

first embodiment accumulates the received data D 0.  Then, the 

information display device 100 transfers the receiv ed data D 0.  The 

word “transfer” means that something that has been transmitted from 

one is further transmitted to another.  Here, the d ata D 0 received 

by the optical communication part 106a is further t ransmitted from 

the optical communication part 106b to another info rmation display 

device 100. 

[0079] 

 For example, the information display device 100 tr ansmits 

the received data D 0 in a direction different from the direction 

of the reception.  In Fig. 4, the received data D 0 is transmitted 

in the opposite direction (direction Db) from the d irection of the 

reception (direction Df). 

[0080] 

 Hereinabove, the control within the information di splay 

device 100 has been described. 

 Next, control performed in the case where a plural ity of 

information display devices 100 are installed in a train 900 will 

be described. 

[0081] 
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 For example, the information display devices 100 a re placed 

as shown in Fig. 4.  First transmission of data D 0 is started from 

the terminal device 920 of an operator or from the train operation 

system 910. 

[0082] 

 In the case of data D 01 that is accumulated in each information 

display device 100 before train operation, the oper ator 930 operates 

the terminal device 920 to transmit the data D 01 first to the 

information display device 100a positioned at the e nd of the train 

900 through optical communication or a dedicated in terface.  The 

data D 01 in this case is initially-set data such as station  names 

to display, door opening and closing guidance messa ges, or 

advertisements. 

[0083] 

 Further, in the case of data D 02 that depends on traveling 

locations of the train 900, the data D 02 is transmitted from the 

train operation system 910 to the information displ ay device 100a 

positioned at the end of the train 900 through opti cal communication 

or the dedicated interface.  The data D 02 in this case is data such 

as an instruction to switch display contents or an instruction to 

switch display depending on opening or closing guid ance. 

[0084] 

 The data D 01 or the data D 02 is an example of the data D 0. 

[0085] 

 The information display device 100a accumulates th e received 

data D 0 in the data accumulation part 102.  Further, the i nformation 

display device 100a transfers the received data D 0, for example, 

from the optical communication part 106 to the adja cent information 
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display device 100b. 

[0086] 

 The information display device 100b, which has rec eived the 

transferred data, accumulates the received data D 0.  Then, the 

information display device 100b transfers the data D0 further to 

the adjacent information display device 100c. 

[0087] 

 As described above, each of the information displa y devices 

100 repeat transfer and accumulation in turn.  Fina lly, the data 

D0 is accumulated in all the six information display devices 100a 

- 100f installed within the train 900.  Thus, only by transmitting 

the data D 0 to one information display device 100, it is possi ble 

to transmit the data D 0 to all the information display devices 100. 

[0088] 

SECOND EMBODIMENT 

 The first embodiment has been described as a case in which 

all the information display devices 100 accumulate the same data.  

However, sometimes it is convenient that the inform ation display 

devices 100 have different data from one another.  For example, it 

is the case where display contents are changed depe nding on vehicle 

numbers, door positions, or the like. 

[0089] 

 As a case where display contents are changed depen ding on 

vehicle numbers, a case can be mentioned where disp lay contents 

are changed depending on whether the vehicle in que stion is a 

non-reserved-seat vehicle or a reserved-seat vehicl e, for example.  

Further, as a case where display contents are chang ed depending 

on door positions or the like, a case can be mentio ned where such 



637969WO01T 

 

   26

a message as “Doors on this side will open at the n ext station” 

is displayed above the doors on the exit side for t he next station, 

for example. 

[0090] 

 As shown in Fig. 1, each information display devic e 200 in 

the second embodiment has one or more display parts  101; a display 

data switching part 204; a control part 205; one or  more optical 

communication parts 106; and a storage part 107.  T he storage part 

107 has a data accumulation part 102; and a data st orage part 103. 

[0091] 

 In each information display device 200 of the seco nd 

embodiment, the display parts 101, the data accumul ation part 102, 

the data storage part 103, and the optical communic ation parts 106 

are similar to those in the information display dev ice 100 of the 

first embodiment.  Description of these components is replaced by 

the description in the first embodiment.  In the fo llowing, the 

display data switching part 204 and the control par t 205, which 

are different from those of the information display  device 100 of 

the first embodiment, will be mainly described. 

[0092] 

 The control part 205 performs processing similar t o the 

processing performed by the control part 105 of the  first embodiment.  

In addition, the control part 205 performs processi ng for identifying 

the position of its own device in a train 900. 

[0093] 

 For example, the control part 205 identifies the p osition 

of its own device by a value of a position counter (count value) 

included in data D 0 received by the optical communication part 106.  



637969WO01T 

 

   27

In other words, the value of the position counter f unctions as position 

identification information D 2 that can identify the position of the 

information display device 100. 

[0094] 

 The display data switching part 204 switches infor mation 

displayed on the display part 101, based on the pos ition identified 

by the control part 205. 

[0095] 

 Fig. 8 is a flowchart showing data transmission an d reception 

control of the information display device 200. 

 In the flowchart shown in Fig. 8, the same process es as those 

in the flowchart of the first embodiment shown in F ig. 7 are indicated 

by the same reference characters. 

 The processes of the step S10 to the step S13 in F ig. 8 are 

similar to those of the step S10 to the step S13 in  Fig. 7.  However, 

after the step S13, the processing proceeds to the process of the 

step S20.  Description of the steps S10 - S13 is re placed by the 

description in the first embodiment. 

[0096] 

 In the step S20, the control part 205 checks wheth er the 

received data D 0 includes the position counter D 2. 

[0097] 

 In the case where the position counter D 2 is included, the 

processing proceeds to the step S21.  In Fig. 8, “Y ES” is selected 

in the step S20.  In the case where the position co unter D 2 is not 

included, the processing proceeds to the step S22.  In Fig. 8, “NO” 

is selected in the step S20. 

[0098] 
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 In the step S21, the control part 205 causes the d ata storage 

accumulation part 102 to store the value of the pos ition counter 

D2 included in the received data D 0.  Further, the control part 205 

increments the value of the position counter D 2.  For example, the 

control part 205 adds “1” to the value of the posit ion counter D 2.  

The value “1” added to the value of the position co unter D 2 is, for 

example, a predetermined value. 

[0099] 

 In the step S22, the control part 205 causes the o ptical 

communication part 106 that is selected in the step  S13 to transmit 

the received data D 0.  At that time, in the case where the received 

data D 0 included the position counter D 2, the value of the position 

counter D 2, which is incremented in the step S21, is included  in 

the date to be transmitted. 

[0100] 

 Then, the control part 205 returns to the receptio n standby 

state (S10) again after completion of the transmiss ion of the data 

D0. 

[0101] 

 Here, the optical communication part 106 that is u sed for 

reception is not used for transmission so as to pre vent endless 

transfer of the same data D 0. 

[0102] 

 Now, the position counter D 2 will be described. 

[0103] 

 In the description given here, the data D 0 transmitted to 

the information display device 200a is represented by D 0a.  Further, 

the data D 0 transmitted to the information display device 200b  is 
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represented by D 0b.  Further, the position counter D 2 transmitted 

to the information display device 200a is represent ed by D 2a.  And, 

the position counter D 2 transmitted to the information display device 

200b is represented by D 2b.  Similar expressions will be used with 

respect to the other information display devices 20 0c - 200f. 

[0104] 

 As an example, a case is taken where data D 0a in which “1” 

is set as the value of the position counter D 2a at the time of the 

initial setting before the start of operation is tr ansmitted to 

the information display device 200a (See Fig. 4).  The data D 0a is 

transmitted to the information display device 200a from the terminal 

device 920 of the operator 930 or the train operati on system 910 

through optical communication or a dedicated interf ace.  The 

information display device 200a is an information d isplay device 

200 positioned at the end of the train 900. 

[0105] 

 According to the flowchart shown in Fig. 8, the in formation 

display device 200a records, for example, the value  “1” at the time 

of the initial setting of the position counter D 2a in the data 

accumulation part 102.  Then, the information displ ay device 200a 

adds “1” to the value of the position counter D 2a so that the value 

(of the position counter D 2a) becomes “2”.  Then, the information 

display device 200a transfers data D 0b including the position counter 

D2b that has been changed to “2” to the adjacent infor mation display 

device 200b. 

[0106] 

 By repeating such processing sequentially, finally  the value 

“1” of the position counter D 21 through the value “6” of the position 



637969WO01T 

 

   30

counter D 2f  are set to the information display device 200a thr ough 

the information display device 200f respectively. 

[0107] 

 The transferred data D 0a, D 0b, D 0c, D 0d, D 0e, and D 0f  each include 

the position identification information (position c ounters D 2a, D 2b, 

D2c, D 2d, D 2e, and D 2f ) and starting point information.  The position 

identification information (position counters D 2a, D 2b, D 2c, D 2d, D 2e, 

and D 2f ) indicates positions of the information display de vices 100 

in the train 900.  The starting point information i s the value of 

the position counter D 21 of the starting point.  Here, the starting 

point is the position of the information display de vice 200a. 

[0108] 

 Based on the position counter D 2, each information display 

device 200 can know the position at which the infor mation display 

device 200 itself is placed. 

[0109] 

 For example, as shown in Fig. 4, three information  display 

devices 200 are arranged for each vehicle.  The inf ormation display 

devices 200 are arranged dispersedly in the longitu dinal direction 

of the train 900.  In other words, the information display devices 

200 are arranged at intervals in the longitudinal d irection of the 

train 900. 

[0110] 

 The position identification information of these i nformation 

display devices 200 is the position counters D 2a, D 2b, D 2c, D 2d, D 2e, 

and D 2f . 

[0111] 

 Further, the value “1” of the position counter D 2a is assigned 
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to the first information display devices 200a in th e foremost position 

in the vehicle No. 1 (vehicle 901a).  The value of the position counter 

D2a indicates the starting point information. 

[0112] 

 Data including the position identification informa tion D 2a, 

D2b, D 2c, D 2d, D 2e, and D 2f  and the starting point information (the 

position counter D 2a) is previously transmitted, for example, before 

operation of the train 900. 

[0113] 

 Based on the above-mentioned information, the info rmation 

display device 200e can recognize that its own posi tion is second 

from the front in the direction Df of the vehicle 9 01b i.e. the 

vehicle No. 2, since the information display device  200e holds the 

value “5” of the position counter D 2e.  That is to say, the information 

display device 200e can recognize its own installat ion position 

in the train 900. 

[0114] 

 The data D 0 includes the data for displaying information on 

the display part 101.  The data D 0 is stored in the data accumulation 

part 102.  And, the data D 0 is associated with the installation 

position in the train 900. 

[0115] 

 Based on the thus-identified installation position  of the 

information display device 200, the display data sw itching part 

204 selects data to be displayed from the data D 0 accumulated in 

the data accumulation part 102.  Based on the selec ted data, the 

display data switching part 204 causes the display part 101 to display 

information. 
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[0116] 

 In this way, the information display device 200 ca n add display 

of the vehicle number of the vehicle 901 or display  dependent on 

the door position or the like to the guidance (info rmation) to be 

displayed. 

[0117] 

 For example, a wireless LAN performs communication  equally 

with all the terminals within the effective range i n which 

communication is possible.  On the other hand, the information 

display device 200 can obtain its own installation position by using 

the function of transmitting and receiving the data  D 0.  It is 

difficult for a wireless LAN to implement such a fu nction. 

[0118] 

 In the above-described second embodiment, the posi tion 

counter D 2 is included in the transmission data D 0.  The second 

embodiment is not limited to this example.  For exa mple, the 

information display device 200 can make the transmi ssion data D 0 

which include a vehicle number counter D 3 (vehicle number 

identification information) in addition to the posi tion counter 

D2. 

[0119] 

 In that case, the information display device 200 c an identify 

an optical communication part 106 that performs com munication 

between vehicles.  In Fig. 4, optical communication  parts 106 that 

perform communication between vehicles are the opti cal communication 

part 106b of the information display device 200c an d the optical 

communication part 106a of the information display device 200d. 

[0120] 
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 When the information display device 200c shown in Fig. 4 

transmits information to the information display de vice 200d, the 

information display device 200c increments the valu e of the vehicle 

number counter D 3.  The information display device 200d sets the 

same value “1” as that of the position counter D 2a to the value of 

the position counter D 2d and transmits that position counter D 2d.  

That is to say, the position counter D 2 is counted up in one vehicle 

901.  When a vehicle 901 is changed, the value of t he position counter 

D2 is returned to “1”.  Here, the information display  device 200c 

is installed in the vehicle 901a, while the informa tion display 

device 200d is installed in the vehicle 901b next t o the vehicle 

901a. 

[0121] 

 For example, by setting the maximum value of the p osition 

counter D 2 beforehand, the control part 205 can perform the 

above-described processing.  For example, in the ca se shown in Fig. 

4, the maximum value of the position counter is “3” . 

[0122] 

 Because of this, the information display device 20 0 can 

directly identify the vehicle number and the positi on in the vehicle 

901.  As a result, the information display device 2 00 can flexibly 

cope with a change of the train formation, for exam ple. 

[0123] 

 In the first and the second embodiments described above, 

the optical communication part 106 has been describ ed as one that 

is substantialized by the optical communication mod ule (optical 

transmitter and receiver) 16 that has a light emitt ing part and 

a light receiving part.  However, the first and the  second embodiments 
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is not limited to this example.  Examples described  in the following 

can be applied to the information display device 10 0 of the first 

embodiment. 

[0124] 

 For example, in the case where the direction of di splay by 

the display part 101 coincides with the direction o f transmission 

and reception of the data D 0 as in the example shown in Figs. 3 and 

4, it is also possible to perform data transfer usi ng the display 

part 101 and an imaging part 206 such as a camera. 

[0125] 

 An information display device 100, 200 on the side  of 

transmitting the data D 0 displays a light-emitting pattern, a bar 

code, a two-dimensional code, characters, or the li ke on the display 

surface of the display part 101.  An information di splay device 100, 

200 on the side of receiving the data D 0 takes an image of the display 

surface of the adjacent information display device 100, 200 by the 

imaging part 206.  The information display device 1 00, 200 on the 

receiving side obtains the data D 0 by decoding the taken image.  The 

imaging part 206 is provided at the position of the  optical 

communication part 106 of Fig. 3, for example. 

[0126] 

 In the case where a camera is installed in the tra in 900 

for security reasons, it is possible to use the cam era as the optical 

communication part 106, to simplify the structure o f the information 

display device 100, 200 and to reduce costs. 

[0127] 

 In the example shown in Figs. 3 and 4, there is on ly one 

path for performing communication.  Accordingly, wh en the optical 
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communication path is interrupted by passenger’s lu ggage or like, 

the data D 0 is not transferred to the subsequent information d isplay 

devices 100, 200.  Thus, it is favorable to impleme nt redundancy 

by providing a plurality of optical communication p aths. 

[0128] 

 The “redundancy” means arrangement of a preparator y device 

even in time of usual conditions as a backup in ant icipation of 

occurrence of some obstacle in a part of a system, so that the functions 

of the system as a whole can be maintained after oc currence of obstacle.  

For example, in the below-described example shown i n Fig. 12, a 

plurality of communication paths exist between info rmation display 

devices 300, so that information can be transferred  through an 

alternative route even if interruption occurs in on e place of the 

communication paths. 

[0129] 

 Thus, by transferring data sequentially between th e 

information display devices 100, 200 by using optic al communication, 

it is unnecessary to install cables such as network  cables or video 

cables.  Therefore, it is possible to provide an in formation display 

device 100, 200 that is suitable for retrofitting t o existing vehicles 

901. 

[0130] 

 Further, since a cause of communication failure ca n be 

visually confirmed, it is easy to confirm communica tion paths at 

the time of installation and to take countermeasure s against a failure 

at the time of operation.  Further, it is possible to simplify 

maintenance. 

[0131] 
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 Further, since a radio wave is not used, the infor mation 

display device 100, 200 is not affected by radio wa ve conditions 

within and outside the vehicles 901.  Further, the information 

display device 100, 200 does not affect radio waves  used within 

the vehicles 901. 

[0132] 

THIRD EMBODIMENT 

 Fig. 9 is a block diagram showing schematically a 

configuration of an information display device 300 according to 

a third embodiment. 

[0133] 

 The information display device 300 has one or more  display 

parts 101; a display data switching part 304; a con trol part 305; 

one or more optical communication parts 106; an ins tallation position 

presumption part 308; and a storage part 317.  The storage part 317 

has a data accumulation part 102; a data storage pa rt 103; and an 

identifier storage part 307.  The installation posi tion presumption 

part 308 functions as a communication control part.   A plurality 

of information display devices 300 are installed wi thin a vehicle. 

[0134] 

 In each information display device 300 of the thir d embodiment, 

the display parts 101, the data accumulation part 1 02, the data 

storage part 103, and the optical communication par ts 106 are similar 

to those in the information display device 100 of t he first embodiment.  

Description of these components is replaced by the description of 

those in the first embodiment.  In the following, t he display data 

switching part 304, the control part 305, the ident ifier storage 

part 307, and the installation position presumption  part 308, which 
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are different from those of the information display  device 100 of 

the first embodiment, will be mainly described. 

 In Fig. 9, the reference characters shown in paren theses 

indicate components in a fourth or a fifth embodime nt. 

[0135] 

 The display data switching part 304 causes the dis play part 

101 to display information based on an installation  position presumed 

by the installation position presumption part 308.  Further, the 

display data switching part 304 switches informatio n displayed on 

the display part 101 based on the installation posi tion presumed 

by the installation position presumption part 308. 

[0136] 

 The control part 305 controls processing in the in formation 

display device 300.  For example, the control part 305 performs 

control similar to the processing control described  with respect 

to the control part 105 of the first embodiment.  F urther, the control 

part 305 gives an instruction to the display data s witching part 

304 to cause the display part 101 to display a suit able guidance 

screen based on a combination of the installation p osition of the 

information display device 300 and the operating co nditions of the 

train 900. 

[0137] 

 For example, the control part 305 can select a dif ferent 

guidance display, which depends on the position of the vehicle 901 

in the train 900 or the position of the door, based  on the presumption 

result of the installation position of the informat ion display device 

300 and the operating conditions of the train 900.  That is to say, 

the control part 305 can switch the guidance displa y by 
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differentiating a door to open from a door on the o ther side. 

[0138] 

 Further, in the case where the train 900 is travel ing, the 

control part 305 can display guidance of the next s tation, while 

in the case where the train 900 is stopping at a st ation, the control 

part 305 can display guidance of that station. 

[0139] 

 In the third embodiment, in the case where data D 0 received 

by the optical communication part 106 has been alre ady accumulated 

in the data accumulation part 102, the control part  305 does not 

perform accumulation and transfer of such data D 0. 

[0140] 

 The control part 305 acquires arrangement informat ion through 

the optical communication part 106 before the insta llation position 

presumption part 308 presumes the installation posi tion of its own 

device.  Then, the control part 305 causes the data  accumulation 

part 102 to store the acquired arrangement informat ion.  The 

arrangement information is map information that ind icates 

arrangement positions of the plurality of informati on display 

devices 300 in the train 900.  The arrangement info rmation may be 

simple information such as “three devices of the 

installation-above-entrance-door type on one side, and thus six 

devices on both sides”, for example. 

[0141] 

 The identifier storage part 307 stores individual identifiers 

D4 and type identifiers D 5. 

[0142] 

 Each individual identifier D 4 is identification information 



637969WO01T 

 

   39

for identifying an information display device 300.  For example, 

an individual identifier D 4 is a serial number, a Universally Unique 

Identifier (UUID), or the like.  Each individual id entifier D 4 is 

determined not to be shared by the plurality of inf ormation display 

devices 300.  Further, the individual identifiers D 4 are not changed 

at least in a train-travel period. 

[0143] 

 Each type identifier D 5 is identification information for 

identifying a type (model number) of the informatio n display devices 

300.  For example, a type identifier D 5 indicates a mounting position 

of an information display device 300.  In addition,  a type identifier 

D5 indicates a model code of the device. 

[0144] 

 In a vehicle 901, there are a plural kinds of info rmation 

display devices 300 depending on mounting positions .  For example, 

an information display device 300 installed above a  passage is 

different in kind (type) from an information displa y device 300 

installed above a door.  Information display device s 300 of different 

types are different in the number or mounting direc tion of the optical 

communication parts 106, for example. 

[0145] 

 In the third embodiment, as type identifiers D 5, the hanging 

type as shown in Fig. 3, the door installation type  as shown in 

Fig. 11, and the gangway installation type can be m entioned, for 

example. 

 An information display device 300 of the hanging t ype is 

installed above a passage of a vehicle 901.  An inf ormation display 

device 300 of the door installation type is install ed in space above 
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an entrance door.  And, an information display devi ce 300 of the 

gangway installation type is installed in space abo ve an entrance 

of a gangway. 

[0146] 

 The installation position presumption part 308 pre sumes the 

installation position of an information display dev ice 300 based 

on a state of connection with other information dis play devices 

300.  The state of connection with other informatio n display devices 

300 is confirmed by optical communication using the  optical 

communication parts 106. 

[0147] 

 Fig. 10 is a schematic diagram showing an example of a hardware 

configuration of each information display device 30 0. 

[0148] 

 Each information display device 300 has one or mor e display 

panels 11; a first nonvolatile memory 12A; a second  nonvolatile 

memory 12B; a volatile memory 13; a CPU 15 as a pro cessor; and one 

or more optical communication modules 16.  Further,  a memory 17 

includes the first nonvolatile memory 12A, the seco nd nonvolatile 

memory 12B, and the volatile memory 13.  Although F ig. 10 shows one 

CPU 15, a plurality of CPUs 15 may be employed to p erform processing. 

[0149] 

 In the information display device 300 of the third  embodiment, 

the display panels 11, the volatile memory 13, the CPU 15, and one 

or more optical communication modules 16 are simila r to those in 

the information display device 100 of the first emb odiment.  

Description of these components is replaced by the description of 

those in the first embodiment. 
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[0150] 

 In the following, the display data switching part 304, the 

control part 305, the identifier storage part 307, and the 

installation position presumption part 308, which a re different 

components from those of the information display de vice 100, will 

be described. 

 The reference characters shown in parentheses in F ig. 9 

indicate components in the fourth or the fifth embo diment. 

[0151] 

 Similarly to the first embodiment, for example, th e display 

part 101 of Fig. 9 can be substantialized when the CPU 15 uses the 

display panel 11.  The data accumulation part 102 o f Fig. 9 can be 

substantialized when the CPU 15 uses the first nonv olatile memory 

12A.  The data storage part 103 of Fig. 9 can be su bstantialized 

when the CPU 15 uses the volatile memory 13.  The o ptical 

communication part 106 of Fig. 9 can be substantial ized when the 

CPU 15 uses the optical communication module 16. 

[0152] 

 The display data switching part 304, the control p art 305, 

and the installation position presumption part 308 of Fig. 9 can 

be substantialized when the CPU 15 reads programs s tored in the 

first nonvolatile memory 12A or the second nonvolat ile memory 12B 

into the volatile memory 13 and executes those prog rams. 

[0153] 

 That is to say, the first nonvolatile memory 12A o r the second 

nonvolatile memory 12B stores, for example, a progr am for switching 

display data.  This program is stored as executable  data or compressed 

executable data. 
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[0154] 

 The CPU 15 reads these data and locates the data i n an executable 

area of the volatile memory 13.  Then, the CPU 15 a llocates a working 

memory area, permits execution of the program, and sets, to the 

memory area, whether read and write is enable or di sable. 

[0155] 

 Thereafter, the CPU 15 gives the control right to the program 

for switching display data located in the volatile memory 13.  Then, 

the CPU 15 executes the program for switching displ ay data, to start 

operating as the display data switching part 304. 

[0156] 

 The control part 305 or the installation position presumption 

part 308 can be substantialized similarly.  In the case where an 

executable area can be set in the first nonvolatile  memory 12A or 

the second nonvolatile memory 12B, reading and loca ting of programs 

by the CPU 15 can be omitted.  In that case, after the allocation 

of the working area in the volatile memory 13, the execution right 

is given to the executable data in the first nonvol atile memory 

12A or the second nonvolatile memory 12B, and the p rograms are executed, 

to implement each function. 

[0157] 

 The identifier storage part 307 of Fig. 9 can be 

substantialized when the CPU 15 uses the second non volatile memory 

12B. 

[0158] 

 That is to say, the individual identifiers D 4 and the type 

identifiers D 5 are previously stored in the second nonvolatile me mory 

12B.  Then, the CPU 15 reads these data.  For that purpose, an EPROM, 
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a mask ROM, or the like is often used.  These are m emory elements 

that cannot be rewritten by a CPU.  In this case, p reviously, for 

example, at the time of producing of the informatio n display device 

300, the individual identifiers D 4 and the type identifiers D 5 are 

written into the second nonvolatile memory 12B. 

[0159] 

 Recently, with progress in large capacity of a mem ory element, 

sometimes information that is conventionally stored  in a 

non-rewritable memory element such as an EPROM is s tored in a 

rewritable memory such as a flash memory.  The CPU rewrites 

information in a rewritable memory element.  In tha t case, the second 

nonvolatile memory 12B becomes one section of the s ame memory element 

as the first nonvolatile memory 12A.  The CPU 15 wr ites the individual 

identifiers D 4 and the type identifiers D 5 in the second nonvolatile 

memory 12B.  Here, the second nonvolatile memory 12 B is a rewritable 

memory element such as a flash memory. 

[0160] 

 It has been described referring to Fig. 10 that th e display 

data switching part 304, the control part 305, and the installation 

position presumption part 308 are substantialized w hen the CPU 15 

executes the programs.  The third embodiment, howev er, is not limited 

to this example. 

[0161] 

 For example, all or a part of the functions of the  display 

data switching part 304, the control part 305, and the installation 

position presumption part 308 may be substantialize d by hardware 

using an integrated logic IC such as an ASIC or an FPGA.  Or, all 

or a part of the functions of the display data swit ching part 304, 
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the control part 305, and the installation position  presumption 

part 308 may be substantialized by software used by  a DSP. 

 In Fig. 10, reference characters in parentheses in dicate 

components in the fourth or the fifth embodiment. 

[0162] 

 Fig. 11 is a schematic view showing an example of an outer 

configuration of the information display device 300  of the door 

installation type in the third embodiment. 

 The door installation type information display dev ice 300 

is installed in space above an entrance door.  In F ig. 11, the 

information display device 300 is mounted above a r ight side door 

seen in the traveling direction (direction Df) of a  vehicle 901. 

 In Fig. 11, the direction Df is the forward direct ion of 

the vehicle 901, and the direction Db the backward direction of 

the vehicle 901. 

[0163] 

 It is assumed that the information display device 300 shown 

in Fig. 11 is mounted in space above an entrance do or. 

[0164] 

 The information display device 300 has one display  part 101 

and three optical communication parts 106a, 106b, a nd 106c. 

[0165] 

 The optical communication part 106a and the optica l 

communication part 106b are mounted so as to face i n the longitudinal 

directions of the vehicle 901.  In Fig. 11, the opt ical communication 

part 106a is mounted on the right side (the side in  the direction 

Db) seen from a viewpoint facing the display part 1 01.  Further, 

the optical communication part 106b is mounted on t he left side 
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(the side in the direction Df) seen from a viewpoin t facing the 

display part 101. 

[0166] 

 The optical communication part 106c is mounted so as to face 

in the transverse direction of the vehicle 901.  In  other words, 

the optical communication part 106c is mounted to f ace in the same 

direction as the direction of display by the displa y part 101.  In 

Fig. 11, the optical communication part 106c is mou nted in the same 

surface in which the display part 101 is mounted. 

[0167] 

 Fig. 12 is a schematic diagram showing an example in which 

the information display devices 300 shown in Fig. 1 1 are installed 

in vehicles 901.  Fig. 12 is a schematic diagram in  which the train 

900 is seen from above. 

 In Fig. 12, the left side in the figure is the dir ection 

Df, and the right side in the figure the direction Db. 

[0168] 

 In the example shown in Fig. 12, the information d isplay 

devices 300 are mounted above the doors on the righ t and left sides 

seen in the traveling direction of the vehicles 901 a and 901b.  In 

each of the vehicles 901a and 901b, the information  display devices 

300 are mounted at three positions on each of the r ight and left 

sides.  That is to say, in each of the vehicles 901 a and 901b, the 

information display devices 300 are mounted at tota l six positions 

of both sides. 

[0169] 

 Further, the information display devices 300 mount ed on both 

sides of the vehicles 901a and 901b are arranged to  face each other. 



637969WO01T 

 

   46

[0170] 

 The information display devices 300a, 300b, and 30 0c are 

mounted on the right side seen in the traveling dir ection of the 

vehicle 901a.  The information display devices 300g , 300h, and 300i 

are mounted on the left side seen in the traveling direction of 

the vehicle 901a.  The information display devices 300d, 300e, and 

300f are mounted on the right side seen in the trav eling direction 

of the vehicle 901b.  The information display devic es 300j, 300k, 

and 300l are mounted on the left side seen in the t raveling direction 

of the vehicle 901b.  The traveling direction of th e vehicles 901a 

and 901b is the direction Df. 

[0171] 

 On the right side of the vehicle 901a, the informa tion display 

devices 300a, 300b, and 300c are arranged in that o rder in the 

traveling direction.  Further, on the left side of the vehicle 901b, 

the information display devices 300g, 300h, and 300 i are arranged 

in that order in the traveling direction. 

[0172] 

 On the right side of the vehicle 901b, the informa tion display 

devices 300d, 300e, and 300f are arranged in that o rder in the 

traveling direction.  Further, on the left side of the vehicle 901b, 

the information display devices 300j, 300k, and 300 l are arranged 

in that order in the traveling direction. 

[0173] 

 Optical communication paths through which each inf ormation 

display device 300 performs communication are forme d in the 

longitudinal direction and in the transverse direct ion (facing 

direction) of the vehicles 901a and 901b.  The info rmation display 
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devices 300 are installed so that an obstacle does not interrupt 

the optical communication paths. 

[0174] 

 The information display device 300a receives data D0 from 

the train operation system 910 or the terminal devi ce 920 of the 

operator 930.  The information display device 300a transmits the 

received data D 0 to the information display devices 300g and 300b.  

The information display device 300g transmits the r eceived data 

D0 to the information display device 300h.  The infor mation display 

device 300b transmits the received data D 0 to the information display 

devices 300c and 300h.  The information display dev ice 300h transmits 

the received data D 0 to the information display devices 300i and 

300b.  The information display device 300c transmit s the received 

data D 0 to the information display devices 300i and 300j.  The 

information display device 300i transmits the recei ved data D 0 to 

the information display devices 300c and 300d. 

[0175] 

 The information display device 300d transmits the received 

data D 0 to the information display devices 300e and 300j.  The 

information display device 300j transmits the recei ved data D 0 to 

the information display devices 300k and 300d.  The  information 

display device 300e transmits the received data D 0 to the information 

display devices 300f and 300k.  The information dis play device 300k 

transmits the received data D 0 to the information display devices 

300l and 300e.  The information display device 300f  transmits the 

received data D 0 to the information display device 300l.  The 

information display device 300l transmits the recei ved data D 0 to 

the information display device 300f. 
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[0176] 

 In the example shown in Fig. 12, between the vehic les 901a 

and 901b, the information display devices 300 commu nicate with each 

other through the gangway 902.  Each of the informa tion display 

devices 300c, 300d, 300i, and 300j, which are locat ed at the end 

in the longitudinal direction of the vehicle 901a o r the vehicle 

901b, has an optical communication part 106 whose d irection is 

adjusted so that the communication direction become s an oblique 

direction.  And, each of the information display de vices 300c, 300d, 

300i, and 300j communicates with an information dis play device 300 

located on the opposite side in the oblique directi on through the 

gangway 902. 

[0177] 

 In the example shown in Fig. 12, the information d isplay 

device 300c communicates with the information displ ay device 300j.  

Further, the information display device 300i commun icates with the 

information display device 300d. 

[0178] 

 Here, instead of adjusting the communication direc tion of 

an optical communication part 106, it is possible t o employ an optical 

communication part 106 that has a sufficiently wide  effective angle 

ANG for optical communication. 

[0179] 

 Fig. 13 is a flowchart showing data transmission a nd reception 

control of the information display device 300 in th e third embodiment. 

[0180] 

 First, in the step S30, the information display de vice 300 

is in a reception standby state.  When one of the o ptical 
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communication parts 106 receives data, the processi ng proceeds to 

the step S31. 

[0181] 

 In the step S31, the control part 305 causes the d ata storage 

part 103 to store optical communication part identi fication 

information D 1.  The optical communication part identification 

information D 1 is information for identifying the optical 

communication part 106 that has received the data D 0.  Here, as the 

optical communication part identification informati on D 1, 

information on the position of the optical communic ation part 106 

arranged in the information display device 300 can be used. 

[0182] 

 The information communication part identification 

information D 1 can be indicated by a character corresponding to t he 

position at which the optical communication part 10 6 is mounted.  

Taking the example of Fig. 11, the position informa tion of the optical 

communication part 106a can be made “L”, the positi on information 

of the optical communication part 106b “R”, and the  optical 

communication part 106c “F”. 

[0183] 

 Further, also information indicating the angle of the 

communication direction of the optical communicatio n part 106 can 

be added to the optical communication part identifi cation 

information D 1.  For example, by defining the direction of displa y 

by the display part 101 as the angle of 0 degrees, it is possible 

to express the direction of communication of the op tical 

communication part 106 by an angle in the range fro m 0 to 360 degrees. 

[0184] 
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 Taking the information display device 300 shown in  Fig. 11 

as an example, the optical communication part ident ification 

information D 1 can indicate F00 for the optical communication par t 

106c, L090 for the optical communication part 106a,  and R270 for 

the optical communication part 106b.  Further, in t he case where 

communication is performed in an oblique direction,  taking Fig. 

12 as an example, the optical communication part id entification 

information D 1 can indicate L045 for the optical communication pa rts 

106a of the information display devices 300c and 30 0j, and R270 

for optical communication parts 106b of the informa tion display 

devices 300d and 300i.  Taking an information displ ay device 400 

shown in Fig. 17 as an example, also optical commun ication parts 

106d and 106e projecting outside can be indicated s imilarly.  For 

example, the optical communication part 106d can be  indicated by 

UR000, and the optical communication part 106e by U L000.  Further, 

it is possible to represent an optical communicatio n part 106 by 

replacing it with a numerical value instead of char acters. 

[0185] 

 Next, in the step S32, the control part 305 checks  whether 

the received data D 0 has been already accumulated in the data 

accumulation part 102. 

[0186] 

 For example, data identification information that can 

identify different data D 0 is added to the received data D 0.  The 

data identification information is, for example, a sequence number.  

A “sequence number” is a serial number given to a p acket to be 

transmitted.  The receiving side can refer to seque nce numbers to 

know the correct order of packets, a packet loss in  a communication 
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path, and the like. 

 Based on such data identification information, the  control 

part 305 can judge whether the received data D 0 has been already 

accumulated. 

[0187] 

 Further, in the case where data identification inf ormation 

is not added to the data D 0, all the data D 0 may be compared.  

Alternatively, a hash value of the data D 0 may be calculated for 

comparison.  A “hash value” is a fixed-length value  that has no 

regularity and the fixed-length value is obtained f rom original 

data by a certain calculation procedure.  Use of ha sh value can 

shorten a data search time. 

[0188] 

 For example, in Fig. 12, the information display d evice 300b 

receives the data D 0 from the information display device 300a and 

the information display device 300h.  In the case w here the data 

D0 is received first from the information display dev ice 300a, the 

data D 0 received from the information display device 300h is judged 

to be the already accumulated data D 0. 

[0189] 

 In the case where the received data D 0 has not been accumulated 

yet, the processing proceeds to the step S33.  In F ig. 13, this is 

the case where “NO” is selected in the step S32. 

 In the case where the received data D 0 has been already 

accumulated (Yes in the step S32), the processing r eturns to the 

step S30.  In Fig. 13, this is the case where “YES”  is selected in 

the step S32. 

[0190] 
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 In the step S33, the control part 305 causes the d ata 

accumulation part 102 to accumulate the received da ta D 0. 

[0191] 

 Next, in the step S34, the control part 305 select s a 

transmission destination.  Here, the control part 3 05 transmits from 

all the optical communication parts 106 that have n ot been used 

for the reception of the data D 0. 

[0192] 

 For example, in Fig. 12, the information display d evice 300b 

transmits the data D 0 to the information display device 300c and 

the information display device 300h.  In the case w here the data 

D0 is received only from the information display devi ce 300a, the 

information display device 300b transmits the data D0 to the 

information display device 300c and the information  display device 

300h.  In the case where the data D 0 is received from the information 

display devices 300a and 300h, the information disp lay device 300b 

transmits the data D 0 only to the information display device 300c. 

[0193] 

 Although, in Fig. 12, arrows pointing in opposite directions 

are depicted between the information display device  300b and the 

information display device 300h, the data D 0 is transmitted depending 

on the reception state as described above. 

[0194] 

 In the step S35, the control part 305 causes the s elected 

optical communication part(s) 106 to transmit the r eceived data 

D0. 

[0195] 

 After completion of the transmission of the data D 0, the 
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control part 305 returns to the reception standby s tate again. 

[0196] 

 As described above, in the third embodiment, a plu rality 

of optical communication paths are formed.  Accordi ngly, it is 

possible to enhance the resistance of communication  to the case 

where part of optical communication paths becomes u navailable, such 

as the case, for example, where an obstacle interru pts an optical 

communication path.  Here, “resistance” means abili ty to adapt to 

changes in environment.  In other words, the optica l communication 

shown in the third embodiment is made to have redun dancy. 

[0197] 

 On the other hand, in the case where the data D 0 has been 

already accumulated, such data D 0 is not accumulated and transferred, 

and thus it is possible to avoid duplication of tra nsfer of the 

data D 0. 

[0198] 

 In the third embodiment, for the sake of simplicit y, 

description has been given by focusing attention to  the case where 

the data D 0 is received from one optical communication part 10 6.  

However, in practice, there is a case where a plura lity of optical 

communication parts 106 transmit and receive the da ta D 0.  

Accordingly, judgment on whether the data D 0 has been already 

accumulated, or on selection of transmission destin ation, or the 

like should be performed with a plurality of operat ions considered.  

For example, processing is required for preventing new data D 0 

received from another information display device 30 0 from 

overwriting the data D 0 that is under transfer. 

[0199] 
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 Next, processing in the installation position pres umption 

part 308 will be described. 

[0200] 

 Hereinabove, description has been given assuming t hat 

communication in the longitudinal direction of a ve hicle 901 is 

performed only in one direction.  That is to say, t he data D 0 is 

transmitted in the direction Db. 

[0201] 

 However, in the case where enhancing of redundancy  is desired, 

or the case of presuming installation positions of the information 

display devices 300 arranged in a complex configura tion, it is often 

better to perform also communication in the reverse  direction 

(direction Df).  Although, in Fig. 12, the arrows i ndicating 

communication in the longitudinal direction of the vehicles 901 

are depicted in only one direction (direction Db), the following 

description of install position presumption will be  given assuming 

that communication is performed in both directions.  

[0202] 

 The install position presumption part 308 generate s 

connection information 120 that associates its own information 

display device 300 and other information display de vices 300 with 

which communication has been performed.  Then, the information 

display device 300 gives the generated connection i nformation 120 

to the other information display devices 300.  At t he same time, 

the information display device 300 acquires connect ion information 

120 generated by the other information display devi ces 300. 

[0203] 

 Based on the connection information 120, the infor mation 
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display device 300 generates a graph that indicates  the connection 

state of a plurality of information display devices  300. 

[0204] 

 Here graph is information expressed by, for exampl e, nodes 

(intersection points) and links (branches).  It is possible to 

express relationship between the information displa y devices 300 

by putting individual information display device 30 0 as a node and 

an optical communication path between information d isplay devices 

300 as a link. 

[0205] 

 Here, this information that expresses relationship  between 

the information display devices 300 is referred to as connection 

information. 

[0206] 

 The installation position presumption part 308 exe cutes 

examination, comparing the generated graph indicati ng the connection 

state with the arrangement information stored in th e data 

accumulation part 102.  Then, the installation posi tion presumption 

part 308 specifies the installation position of ind ividual 

information display device 300 in the train 900. 

[0207] 

 The arrangement information indicates arranged pos itions 

of a plurality of information display devices 300 i n the train 900.  

The arrangement information functions as an arrange ment map in the 

actual train 900. 

[0208] 

 Fig. 14 is a schematic diagram showing an example of the 

connection information 120. 
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[0209] 

 The connection information 120 has an individual i dentifier 

field 121, a type identifier field 122, and a commu nication part 

field 123. 

[0210] 

 The individual identifier field 121 stores the ind ividual 

identifier D 4 of an information display device 300. 

 The type identifier field 122 stores the type iden tifier 

D5 of the information display device 300. 

 The communication part field 123 stores, for each optical 

communication part 106 provided in the information display device 

300, the connection destination of the optical comm unication part 

106 and the direction of communication performed by  the optical 

communication part 106. 

[0211] 

 The communication part field 123 shown in Fig. 14 has fields 

of a communication part a, a communication part b, and a communication 

part c.  In the field of the communication part a, the information 

of the optical communication part 106a shown in Fig . 11 is described.  

In the field of the communication part b, the infor mation of the 

optical communication part 106b shown in Fig. 11 is  described.  In 

the field of the communication part c, the informat ion of the optical 

communication part 106c shown in Fig. 11 is describ ed. 

[0212] 

 Each field has a field for describing a connection  destination 

and a field for describing the position of the opti cal communication 

part 106.  For example, “Connection destination of Communication 

part a” is a field for describing the connection de stination of 
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the optical communication part 106a.  “Communicatio n part a - Right” 

indicates that the optical communication part 106a is mounted on 

the right side (the side in the direction Db).  Her e, “right” means 

the right side seen from a viewpoint facing the inf ormation display 

device 300, as shown in Fig. 11. 

[0213] 

 Fig. 14 shows an example for a door installation t ype 

information display device 300 shown in Fig. 11.  F or each of the 

three optical communication parts 106a, 106b, and 1 06c, its direction 

and connection destination are stored in the commun ication part 

field 123. 

[0214] 

 Here, an initial state of the connection informati on 120 

will be described. 

[0215] 

 The installation position presumption part 308 of an 

information display device 300 generates the connec tion information 

120 that indicates the connection state of its own information display 

device 300.  Then, the information display device 3 00 causes the 

data accumulation part 102 to store the connection information 120. 

[0216] 

 The installation position presumption part 308 sto res the 

individual identifier D 4 and the type identifier D 5 of its own 

information display device 300, which are stored in  the identifier 

storage part 307, into the connection information 1 20 of its own 

information display device 300.  Further, the insta llation position 

presumption part 308 stores the communication direc tion and the 

connection destination of each optical communicatio n part 106 
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mounted on its own information display device 300 i nto the connection 

information 120 of its own information display devi ce 300. 

[0217] 

 The information of the communication direction of an optical 

communication part 106 is previously stored in the identifier storage 

part 307 or the data accumulation part 102 for each  information 

display device 300.  In the case where the communic ation direction 

can be specified from the type identifier D 5, the installation 

position presumption part 308 can specify the commu nication 

direction from the type identifier D 5.  As an initial value of the 

connection destination of an optical communication part 106, a value 

meaning empty or no connection is set.  Here, “empt y” means that 

there is no value that can be taken as an initial v alue.  As a value 

meaning no connection, “0” may be considered, for e xample. 

[0218] 

 Next, update of the connection information 120 and  

communication of the connection information 120 wil l be described. 

[0219] 

 For example, as shown in Fig. 12, the information display 

device 300a as the starting point of transfer of th e data D 0 performs 

transmitting of the connection information 120 thro ugh the optical 

communication part 106 of its own information displ ay device 300a.  

At that time, the connection information 120 to be transmitted 

contains a value (source identification information ) indicating 

source in the field of the connection destination o f the optical 

communication part 106 that is used for the transmi tting.  This source 

identification information is also referred to as a  transmitting 

mark. 
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[0220] 

 The word “transmitting” means sending of data or t he like 

as an electric signal with a circuit.  Here, data i s sent as an optical 

signal through an optical communication path. 

[0221] 

 Here, the case will be described where the optical  

communication part 106 on the right side (the side in the direction 

Db) of the information display device 300a of Fig. 12 performs 

communication with the optical communication part 1 06 on the left 

side (the side in the direction Df) of the informat ion display device 

300b.  The optical communication part 106 on the ri ght side (the 

side in the direction Db) shown in Fig. 11 is the o ptical communication 

part 106a.  The optical communication part 106 on t he left side (the 

side in the direction Df) shown in Fig. 11 is the o ptical communication 

part 106b. 

[0222] 

 In the connection information 120 transmitted from  the 

information display device 300a, the individual ide ntifier D 4 

indicating the information display device 300a, its  type identifier 

D5, and the optical communication part 106a that is u sed for the 

transmission are described. 

[0223] 

 For example, “Communication part a” of the connect ion 

information 120 shown in Fig. 14 indicates the opti cal communication 

part 106a.  The field of “Connection destination of  Communication 

part a” of the communication part field 123 stores the value indicating 

a source.  This value indicating the source functio ns as the source 

identification information (the transmitting mark) that can identify 
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the optical communication part 106a as the source. 

[0224] 

 When the information display device 300b receives the 

connection information 120 transmitted from the inf ormation display 

device 300a, the installation position presumption part 308 compares 

the connection information 120 of its own informati on display device 

300b, which is stored in the data accumulation part  102, with received 

connection information 120.  Then, the installation  position 

presumption part 308 judges whether the connection information 120 

transmitted from the information display device 300 a has been already 

recorded in the connection information 120 of its o wn information 

display device 300b. 

[0225] 

 In the case where the connection information 120 t ransmitted 

from the information display device 300a is not rec orded yet, the 

installation position presumption part 308 causes t he data 

accumulation part 102 to record the received connec tion information 

120. 

[0226] 

 For example, Fig. 15 is a schematic diagram showin g an example 

of connection information 120a and connection infor mation 120b 

stored in the data accumulation part 102 of the inf ormation display 

device 300b. 

[0227] 

 The connection information 120a indicates connecti on 

information transmitted from the information displa y device 300a.  

The connection information 120b is connection infor mation of its 

own information display device 300b, which has been  generated by 
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the information display device 300b. 

[0228] 

 The information display device 300b has received t he 

connection information 120a transmitted from the in formation display 

device 300a with the optical communication part 106 b.  Accordingly, 

the installation position presumption part 308 of t he information 

display device 300b stores connection destination i dentification 

information D 6 in the field of “Connection destination of 

Communication part b 2” of the connection information 120b of its 

own information display device 300b. 

[0229] 

 The field of “Connection destination of Communicat ion part 

b2” is a filed for writing the information of the c onnection 

destination (connection destination identification information D 6) 

of the optical communication part 106b.  This conne ction destination 

identification information D 6 is information (connection 

destination identification D 62) that can identify the source of the 

connection information 120a received with the optic al communication 

part 106b.  Here, the connection destination identi fication 

information D 62 may be, for example, “the individual identifier D 41” 

and “the communication part a 1” of the information display device 

300a. 

[0230] 

 Further, the installation position presumption par t 308 of 

the information display device 300a stores the conn ection 

destination identification information D 6 in the field of “Connection 

destination of Communication part a 1” of the connection information 

120a of its own information display device 300a.  T his connection 
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destination identification information D 6 is information 

(connection destination identification information D61) identifying 

the optical communication part 106b that has receiv ed the connection 

information 120a transmitted from the information d isplay device 

300a.  This connection destination identification i nformation D 61 

is information (connection destination identificati on information 

D61) that can identify the recipient destination of th e connection 

information 120a transmitted by the optical communi cation part 106a.  

Here, the connection destination identification inf ormation D 61 may 

be, for example, “the individual identifier D 42” and “the 

communication part b 2” of the information display device 300b. 

[0231] 

 In this way, the communication part a 1 of the connection 

information 120a is associated with the connection part b 2 of the 

connection information 120b.  As a result, the inst allation position 

presumption part 308 can link the optical communica tion part 106a 

of the information display device 300a with the opt ical communication 

part 106b of the information display device 300b. 

[0232] 

 Here, to “link” means to store, in each connection  information 

120, the information (connection destination identi fication 

information D 6) indicating that “the optical communication part 1 06a 

of the information display device 300a” and “the op tical 

communication part 106b of the information display device 300b” 

have a positional relationship allowing direct comm unication with 

each other. 

[0233] 

 For example, in Fig. 15, this link is expressed on  the right 
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side of the connection information 120a and the con nection 

information 120b as a line 124 that connects the co nnection 

information 120a and the connection information 120 b.  In detail, 

“the communication part b 2 of the connection information 120b” is 

recorded in the Connection destination of the Commu nication part 

a1 in the connection information 120a, and “the commu nication part 

a1 of the connection information 120a” is recorded in the Connection 

destination of the Communication part b 2 in the connection information 

120b.  This expresses that the information display device 300a and 

the information display device 300b can directly co mmunicate with 

each other. 

[0234] 

 Then, the installation position presumption part 3 08 of the 

information display device 300b updates the receive d connection 

information 120a and the connection information 120 b accumulated 

in the inside.  After the update of the connection information 120b, 

the installation position presumption part 308 tran smits all the 

connection information 120 to all the optical commu nication parts 

106a, 106b, and 106c.  The connection information 1 20 is stored in 

the data accumulation part 102.  The connection inf ormation 120 

contains the updated connection information 120a an d 120b. 

[0235] 

 Thus, by transmission and reception in both direct ions, each 

information display device 300 can acquire the conn ection 

information 120 of all the information display devi ces 300 installed 

in the train 900.  Therefore, each information disp lay device 300 

holds the connection information 120 of all the inf ormation display 

devices 300 installed in the train 900. 



637969WO01T 

 

   64

[0236] 

 By repeating the above-described processing, all t he 

information display devices 300 mounted in the trai n 900 can share 

the connection information 120 of all the informati on display devices 

300.  As a result, all the information display devi ces 300 can 

generate a graph that indicates the connection stat e of all the 

information display devices 300 mounted in the trai n 900. 

[0237] 

 The installation position presumption part 308 ref ers to 

the thus-generated graph indicating the connection state and the 

arrangement information stored in the data accumula tion part 102.  

This enables the installation position presumption part 308 to 

presume the installation position of its own inform ation display 

device 300 in the train 900. 

[0238] 

 Based on the connection state, the order and the d irection 

in which the information display device 300 is conn ected can be 

specified, for example. 

[0239] 

 In other words, the installation position presumpt ion part 

308 can acquire graph information and arrangement i nformation.  The 

graph information indicates the relation of connect ion between the 

information display devices 300.  The arrangement i nformation is 

a map indicating the installation positions of the information 

display devices 300. 

[0240] 

 By using the graph information, the connection rel ationship 

among the specific information display devices 300 can be specified.  
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However, by using the graph information, it is impo ssible to know 

the actual installation positions of the informatio n display devices 

300. 

[0241] 

 By using the arrangement information, the position s at which 

the information display devices 300 are mounted in the train 900 

can be specified.  However, by using the arrangemen t information, 

it is impossible to know the position of installati on of each 

individual. 

[0242] 

 Accordingly, the installation position presumption  part 308 

determines, as a starting point, an information dis play device 300 

whose position can be specified; and, based on the graph information 

and the arrangement information, tries to find out a consistent 

combination of the information display devices 300 and the 

installation positions by applying the connection i nformation in 

turn to the information of the installation positio ns.  The 

information display device 300 whose position can b e specified is, 

for example in Fig. 12, the information display dev ice 300a that 

receives the data D 0 at the beginning.  When one consistent 

combination remains, the installation positions of the information 

display devices 300 are specified. 

[0243] 

 Further, in the case where the arrangement informa tion stored 

in the data accumulation 102 includes the informati on (type 

identifiers D 5) on the types of the information display devices 3 00, 

it is possible to specify more certainly the instal lation positions 

of the information display devices 300 by inserting  the type 
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identifiers D 5 previously in the connection state. 

[0244] 

 According to the above-described processing, trans fers of 

the data D 0 are performed endlessly.  Thus, in practice, a ter mination 

condition for transfers of the data D 0 is required.  As the termination 

condition, for example, time, the number of transfe rs of the data 

D0, or the like may be mentioned.  For example, it is  possible to 

employ a method in which when, after turning on pow er, 10 minutes 

or more elapses from the first reception of informa tion specifying 

position, information specifying position received thereafter is 

not transferred any more.  Alternatively, it is pos sible to prevent 

transfer of the overlapped information by not trans ferring the same 

information as already-received information (data D 0) to the source. 

[0245] 

 Fig. 16 is a flowchart showing control of transmis sion and 

reception of the connection information 120 in the third embodiment.  

The connection information 120 is information for d etecting the 

installation positions of the information display d evices 300. 

[0246] 

 First, in the step S40, the information display de vice 300 

is in a reception standby state.  When one of the o ptical 

communication parts 106 receives the connection inf ormation 120, 

the control part 305 puts the processing to the ste p S41. 

[0247] 

 In the step S41, the installation position presump tion part 

308 stores the optical communication part identific ation information 

D1 temporarily in the data storage part 103.  This is  for addition 

to the already-accumulated connection information a t the same time 
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when the connection information is updated in the s tep S43.  The 

optical communication part identification informati on D 1 is 

information identifying the optical communication p art 106 that 

has received the connection information 120. 

[0248] 

 Here, as the optical communication part identifica tion 

information D 1, information of the position of the optical 

communication part 106 arranged in the information display devices 

300 can be used.  The information of the position o f the optical 

communication part 106 can be specified, for exampl e, by using the 

type identifier D 5. 

[0249] 

 Next, in the step S42, the installation position p resumption 

part 308 compares the received connection informati on 120 with the 

connection information 120 stored in the data accum ulation part 

102, to judge whether new information exists. 

[0250] 

 Referring to Fig. 15, the received connection info rmation 

120a is compared with the connection information 12 0a stored in 

the data accumulation part 102, to judge whether ne w information 

exists.  Further, the received connection informati on 120a is 

compared with the information relating to the conne ction information 

120a in the connection information 120b stored in t he data 

accumulation part 102, to judge whether new informa tion exits. 

[0251] 

 For example, in the case where information stored in the 

individual identifier field 121a or the communicati on part field 

123a of the received connection information 120a is  different from 
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the information corresponding to the connection inf ormation 120a, 

which is already stored in the data accumulation pa rt 102, the 

installation position presumption part 308 judges t hat new 

information exists.  

[0252] 

 In the case where new information exits, the proce ssing 

proceeds to the step S43.  In Fig. 16, this is the case where “YES” 

is selected in the step S42.  In the case where new  information does 

not exist, the processing returns to the step S40.  In Fig. 16, this 

is the case where “NO” is selected in the step S42.  

[0253] 

 In the step S43, based on the received connection information 

120, the installation position presumption part 308  updates the 

communication part field 123 of the connection info rmation 120 stored 

in the data accumulation part 102.  In the case whe re the individual 

identifier D 4 of the received connection information 120 is diff erent 

from the individual identifier D 4 of the connection information 120 

stored in the data accumulation part 102, the insta llation position 

presumption part 308 causes the data accumulation p art 102 to store 

the received connection information 120. 

[0254] 

 For example, in the case where the received connec tion 

information 120a is different from the already-stor ed connection 

information 120a, the stored connection information  120a is 

rewritten based on the new connection information 1 20a.  Further, 

in the case where the received connection informati on 120a is 

different from the corresponding information in the  connection 

information 120b, the connection information 120b i s rewritten. 
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[0255] 

 Then, in the step S44, the installation position p resumption 

part 308 performs selection of destinations.  Here,  the destinations 

may be all the optical communication parts 106.  Fu rther, in the 

case where the connection information 120 to be tra nsmitted is same 

as the received connection information 120, the ins tallation 

position presumption part 308 can omit transmission  to the source 

of the received connection information 120. 

[0256] 

 In the step S45, the installation position presump tion part 

308 causes the selected optical communication part( s) 106 to transmit 

all the connection information 120 stored in the da ta accumulation 

part 102. 

[0257] 

 Referring to Fig. 12, for example, in the case whe re the 

connection information 120a is received from the in formation display 

device 300a, the updated connection information 120 a and the 

connection information 120b are transmitted to the information 

display devices 300a, 300c, and 300h. 

[0258] 

 The connection information 120 to be transmitted c ontains 

the value indicating the source in the field corres ponding to the 

optical communication part 106 that becomes the sou rce. 

[0259] 

 For example, a case will be described where, in Fi g. 12, 

the connection information 120 from the information  display device 

300a is transmitted to the information display devi ce 300b, to the 

information display device 300c, and to the informa tion display 
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device 300j in this order. 

[0260] 

 The information display device 300a generates its own 

connection information 120a, and transmits the gene rated connection 

information 120a to the information display device 300b.  The 

information display device 300b adds information of  its own 

connection information 120b to the received connect ion information 

120a to store it, and transmits both the connection  information 

120a and the connection information 120b to the inf ormation display 

device 300c.  The information display device 300c a dds information 

of its own connection information 120c to the recei ved connection 

information 120a and 120b to store it, and transmit s the connection 

information 120a, the connection information 120b, and the 

connection information 120c, three items of informa tion in all, 

to the information display device 300j. 

[0261] 

 As a result, the information display device 300j h as four 

items of connection information 120a, 120b, 120c, a nd 120j.  These 

items of information are the connection information  120 that the 

information display device 300j stores at this poin t. 

[0262] 

 In this state, a case will be considered where the  information 

display device 300j receives five items of connecti on information 

120a, 120b, 120c#, 120i, and 120d.  The connection information 120c# 

includes information added to the connection inform ation 120c.  For 

example, in the case where information is transmitt ed from the 

information display device 300c to the information display device 

300j through the information display device 300i an d the information 
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display device 300d, the connection information 120 c# includes 

additional information of the information display d evices 300i and 

300d. 

[0263] 

 The connection information 120i and 120d, which is  not 

included in the connection information 120 received  from the 

information display device 300c, is newly stored.  Further, since 

the connection information 120c is updated to the c onnection 

information 120c#, the difference of information is  newly stored.  

In other words, the information added to the connec tion information 

120c# is newly stored. 

[0264] 

 Further, information of the information display de vice 300d 

as a new connection destination is added to its own  connection 

information 120j, to update the connection informat ion 120j#.  Then, 

information of itself (i.e. the information display  device 300j) 

as a new connection destination is added to the con nection information 

120d, to update the connection information 120d#. 

[0265] 

 At this point, the information display device 300j  has six 

items of connection information 120a, 120b, 120c#, 120d#, 120i, 

and 120j#. 

[0266] 

 The information display device 300j transmits all these items 

of connection information 120a, 120b, 120c#, 120d#,  120i, and 120j# 

to the information display devices 300c, 300d, and 300k with which 

the information display device 300j communicates.  The information 

display device 300d, which is the source of the las t-received 
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information, is also included in the destinations o f the connection 

information 120. 

[0267] 

 Then, after completion of transmission of the data  D 0, the 

installation position presumption part 308 returns to the reception 

standby state (S30). 

[0268] 

 In this way, the information display devices 300 c an acquire 

a graph from the connection information 120 of the connection in 

the train 900.  By this graph, the information disp lay devices 300 

can specify the connection state of the information  display devices 

300 in the train 900. 

[0269] 

 Based on the specified connection state, it is pos sible to 

specify the installation position of each informati on display device 

300 by applying in turn each device to a place in t he arrangement 

of the information display devices 300.  Here, the arrangement is 

specified by the arrangement information stored in the data 

accumulation part 102.  In other words, by applying  the graph acquired 

from the connection information 120 to the arrangem ent information 

of the information display devices 300, the install ation positions 

of the information display devices 300 can be speci fied.  The same 

arrangement information is accumulated in the data accumulation 

part 102a through the data accumulation part 102l. 

[0270] 

 However, depending on the pattern of the arrangeme nt or the 

like of the information display devices 300, someti mes it is possible 

to consider a plurality of combinations of the arra nged devices. 
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[0271] 

 For example, it is possible to consider a case whe re in Fig. 

12 each information display device 300 is construct ed not to 

differentiate right and left directions in communic ation and the 

train operating system 910 or the terminal device 9 20 transmits 

information to both the information display device 300a and the 

information display device 300g.  The train operati ng system 910 

or the terminal device 920 is the starting point of  communication. 

[0272] 

 In this case, a combination of the graph and the a rrangement 

information cannot specify the right and left direc tions of the 

vehicles 901; therefore, even in the case where all  the information 

display devices 300 are interchanged with respectiv e information 

display devices 300 installed in opposite positions  on the right 

and left sides of the vehicles 901, a combination o f the graph 

information and the arrangement information does no t become 

inconsistent.  For example, it is possible to consi der a case where 

the information display device 300a is interchanged  with the 

information display device 300g, or a case where th e information 

display device 300b with the information display de vice 300h. 

[0273] 

 Considering such cases, the installation position 

presumption part 308 may use a sensor to acquire in formation on 

installation positions on the right and left sides of the vehicles 

901 or information on a positional relationship wit h devices in 

another vehicle, to use the acquired information to  specify the 

installation positions of the information display d evices 300.  As 

a sensor to be used, an acceleration sensor, a loca tion sensor such 
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as a Global Positioning System (GPS), a door openin g/closing 

detection sensor, or a camera can be considered, fo r example. 

[0274] 

 For example, when acceleration in the left directi on seen 

from a viewpoint facing the display part 101 is det ected by using 

an acceleration sensor at the time of departure of the train 900, 

it is possible to determine that the information di splay device 

300 is installed on the right side of the vehicle 9 01.  Further, 

when acceleration in the right direction seen from a viewpoint facing 

the display part 101 is detected, it is found that the information 

display device 300 is installed on the left side of  the vehicle 

901. 

[0275] 

 Except at the time of coupling or decoupling, at l east during 

operation of the train 900, the installation positi ons of the 

information display devices 300 do not change.  Acc ordingly, it is 

sufficient that communication for detecting the pos itions of the 

information display devices 300 is performed once b efore the start 

of the operation of the train 900.  Thus, the infor mation display 

devices 300 can perform communication for detecting  the positions 

in a state that an obstacle such as a passenger or luggage does 

not exist. 

[0276] 

 Here, “coupling” means increasing of connected veh icles of 

a train.  Thus, more vehicles are connected in a tr ain on the way 

or incidentally.  On the other hand, “decoupling” m eans decreasing 

of the number of vehicles in a time zone of a few p assengers such 

as the daytime on weekdays, to decrease transportat ion capacity 



637969WO01T 

 

   75

per train. 

[0277] 

 Further, the first – the third embodiments describ ed above 

have been described, assuming that the train operat ion system 910 

transmits timing information for switching display of information, 

for example. 

[0278] 

 However, data transmission using optical communica tion in 

a passenger car can be interrupted by a passenger o r passenger’s 

luggage during operation. 

[0279] 

 Accordingly, display contents and their display ti ming 

together with geographical information of the railr oad line are 

previously transmitted to all the information displ ay devices 100, 

200, 300 before the start of operation of the train  900.  The display 

data switching part 104, 204, 304 presumes the trav eling location 

by using a sensor such as GPS, a speed sensor, an a cceleration sensor, 

or a door sensor and the geographical information o f the railroad 

line.  As a result, also the information display de vices 100, 200, 

300 can switch display autonomously.  In that case,  it is not 

necessary to perform communication during operation  of the train 

900, and interruption of communication does not cau se any problem. 

[0280] 

 In the above-described third embodiment, the conne ction 

information includes the type identifier D 5.  However, in the case, 

for example, where all the information display devi ces 300 placed 

in a train 900 are of the same type, it is not nece ssary to include 

such information (type identifier D 5). 
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[0281] 

FOURTH EMBODIMENT 

 A configuration of an information display device 4 00 according 

to a fourth embodiment is similar to that of the in formation display 

device 300 of the third embodiment as shown in Fig.  9 and Fig 10. 

[0282] 

 Description of the third embodiment replaces descr iption 

of components having reference characters similar t o those in the 

third embodiment, namely, a display part 101, a dat a accumulation 

part 102, a data storage part 103, optical communic ation parts 106, 

a display data switching part 304, a control part 3 05, an identifier 

storage part 307, an installation position presumpt ion part 308, 

a storage part 317, display panels 11, nonvolatile memories 12A, 

12B, a volatile memory 13, a CPU 15, optical commun ication modules 

16, and a memory 17. 

[0283] 

 Fig. 17 is a schematic view showing an example of an outer 

configuration of the information display device 400  in the fourth 

embodiment. 

[0284] 

 The information display device 400 is a gangway in stallation 

type device.  The information display device 400 is  used for 

communication through the gangway 902 that connecti ng the vehicle 

901a and the vehicle 901b. 

[0285] 

 Here, it is assumed that the openings (entrances) of the 

gangway 902 are not sufficiently wide.  In other wo rds, it is assumed 

that the entrances to the gangway 902 are narrow fo r performing 
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optical communication between the vehicles 901a and  901b.  The 

gangway 902 connects between the vehicles 901a and 901b. 

[0286] 

 The information display devices 400 are installed in space 

above the respective entrances to the gangway 902 b etween the vehicles 

901a and 901b. 

[0287] 

 Optical communication parts 106d and 106e of an in formation 

display device 400 project downward from the body o f the information 

display device 400.  That is to say, the optical co mmunication parts 

106d and 106e jut out downward from the body of the  information 

display device 400.  Further, for example, the opti cal communication 

parts 106d and 106e can be installed separately fro m the body of 

the information display device 400. 

[0288] 

 In this way, due to projection of the optical comm unication 

parts 106d and 106e into an entrance of the gangway  902, it is possible 

to secure light paths (optical communication paths)  for optical 

communication even if the gangway 902 is not wide.  Here, “projection” 

means jutting. 

[0289] 

 Here, the optical communication parts 106d and 106 e are 

installed to project into the entrance of the gangw ay 902.  However, 

the fourth embodiment is not limited to this exampl e. 

[0290] 

 For example, communication can be performed betwee n vehicles 

through end windows (not shown) at the ends of the vehicles 901a 

and 901b.  Here, “end window” is a window provided in an end face 
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in the longitudinal direction of a vehicle.  Usuall y, an end window 

is provided beside an entrance of a gangway 902. 

[0291] 

 Further, the optical communication parts 106d and 106e may 

be installed outside the vehicles 901a and 901b, so  that optical 

communication is performed outside the vehicles 901 a and 901b.  This 

can adapt also to a train 900 having no gangway 902 . 

[0292] 

 Fig. 18 is a schematic diagram showing arrangement  of 

information display devices 300, 400 in a train 900 . 

[0293] 

 The information display device 300a is installed a t the end 

in the direction Df of the vehicle 901a.  The infor mation display 

device 300f is installed at the end in the directio n Db of the vehicle 

901b.  Differently from Fig. 12, the information di splay devices 

300a and 300f are positioned to face the gangway 90 2.  That is to 

say, the information display devices 300a and 300f are installed 

at the ends of the passages of the vehicles 901a an d 901b. 

[0294] 

 Assuming that the direction Df is the traveling di rection 

of the vehicle 901a, the information display device s 300b and 300c 

are installed in space above the entrance doors on the right side 

seen in the traveling direction of the vehicle 901a .  And, the 

information display devices 300g and 300h are insta lled in space 

above the entrance doors on the left side seen in t he traveling 

direction of the vehicle 901a. 

[0295] 

 The information display devices 300d and 300e are installed 
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in space above the entrance doors on the right side  seen in the 

traveling direction of the vehicle 901b.  The infor mation display 

devices 300i and 300j are installed in space above the entrance 

doors on the left side seen in the traveling direct ion. 

[0296] 

 The information display device 400 shown in Fig. 1 7 can be 

used in combination with, for example, the informat ion display device 

300 shown in Fig. 11.  The information display devi ces 300, 400 can 

be arranged as shown in Fig. 18. 

[0297] 

 In Fig. 18, each of the information display device s 300a 

- 300j is the information display device 300 shown in Fig. 11.  Each 

of the information display devices 400a and 400b is  the information 

display device 400 shown in Fig. 17. 

[0298] 

 However, as for each of the information display de vices 300a 

and 300f, it is necessary to change the positions o f the optical 

communication parts 106a and 106b arranged on the r ight and left 

sides to the positions of the optical communication  parts 106a and 

106b shown in Fig. 17.  The information display dev ices 300a and 

300f are installed at the ends of the vehicles 901a  and 901b, 

respectively. 

[0299] 

 The optical communication parts 106a and 106b show n in Fig. 

17 are mounted in the same surface in which the dis play part 101 

is mounted.  The optical communication part 106a is  positioned on 

the right side seen from a viewpoint facing the dis play part 101.  

The optical communication part 106b is positioned o n the left side 
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seen from a viewpoint facing the display part 101.  The optical 

communication parts 106a and 106b are positioned ab ove the display 

part 101. 

[0300] 

 The optical communication part 106c is mounted in the same 

surface in which the display part 101 is mounted.  The optical 

communication part 106c is arranged at the horizont al middle of 

the display part 101.  The optical communication pa rt 106c is 

positioned above the display part 101. 

[0301] 

 First data D 0 is transmitted from the terminal device 920 

held by an operator 930 or from a train operation s ystem 910 to 

the information display device 300a.  The informati on display device 

300a transmits the data D 0 to the information display devices 300b 

and 300g. 

[0302] 

 The information display device 300b transmits the data D 0 

to the information display devices 300c and 300g.  The information 

display device 300g transmits the data D 0 to the information display 

devices 300b and 300h.  The information display dev ice 300c transmits 

the data D 0 to the information display devices 300h and 400a.  The 

information display device 300h transmits the data D0 to the 

information display devices 300c and 400a. 

[0303] 

 The information display device 400a transmits the data D 0 

to the information display device 400b.  The optica l communication 

part 106d of the information display device 400a tr ansmits the data 

D0 to the optical communication part 106e of the info rmation display 
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device 400b.  The optical communication part 106e o f the information 

display device 400a transmits the data D 0 to the optical communication 

part 106d of the information display part 400b.  Th e information 

display device 400b transmits the data D 0 to the information display 

devices 300d and 300i. 

[0304] 

 The information display device 300d transmits the data D 0 

to the information display devices 300e and 300i.  The information 

display device 300i transmits the data D 0 to the information display 

devices 300d and 300j.  The information display dev ice 300e transmits 

the data D 0 to the information display devices 300j and 300f.  And, 

the information display device 300j transmits the d ata D 0 to the 

information display devices 300e and 300f. 

[0305] 

 Further, communication in the longitudinal directi on in the 

vehicle 901 can be communication in both directions  as described 

above. 

[0306] 

 In this way, it is also possible to secure optical  

communication between different vehicles 901a and 9 01b. 

[0307] 

FIFTH EMBODIMENT 

 Fig. 9 is a block diagram showing schematically a 

configuration of an information display device 500 according to 

a fifth embodiment. 

[0308] 

 As shown in Fig. 9, the information display device  500 of 

the fifth embodiment has one or more display parts 101; a display 
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switching part 304; a control part 505; a plurality  of optical 

communication parts 106; an installation position p resumption part 

508; and a storage part 317.  The storage part 317 has a data 

accumulation part 102; a data storage part 103; and  an identifier 

storage part 307.  The installation position presum ption part 508 

functions as a communication control part.  A plura lity of 

information display devices 500 are installed in a vehicle. 

[0309] 

 In the information display device 500 of the fifth  embodiment, 

the display parts 101, the data accumulation part 1 02, the data 

storage part 103, the display data switching part 3 04, the control 

part 305, the optical communication parts 106, and the identifier 

storage part 307 are similar to those in the inform ation display 

device 300 of the third embodiment.  Description of  the components 

similar to those in the third embodiment is replace d by the description 

in the third embodiment.  In the following, the ins tallation position 

presumption part 508, which is different from that in the information 

display device 300 of the third embodiment, will be  described. 

[0310] 

 In the third and the fourth embodiments described above, 

examples have been shown in which communication bet ween the different 

vehicles 901a and 901b is not particularly differen tiated from 

communication within the same vehicle 901.  Alterna tively, 

description has been given assuming that the inform ation display 

devices 300, 400 can recognize the optical communic ation parts 106 

used for communication between the different vehicl es 901a and 901b. 

[0311] 

 However, it is convenient if the information displ ay device 
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500 can automatically differentiate communication w ithin the same 

vehicle 901a, 901b from communication between the d ifferent vehicles 

901a and 901b. 

[0312] 

 Thus, the installation position presumption part 5 08 in the 

fifth embodiment performs processing for differenti ating 

communication within the same vehicle 901a, 901b fr om communication 

between the different vehicles 901a and 901b, in ad dition to the 

processing performed by the installation position p resumption part 

308 in the third embodiment. 

[0313] 

 For example, a camera or a sensor that can discrim inate 

incidence angles is used in a light receiving secti on of each optical 

communication part 106.  As a result, the installat ion position 

presumption part 508 can automatically discriminate  communication 

within the same vehicle 901a, 901b from communicati on between the 

different vehicles 901a and 901b. 

[0314] 

 The optical communication part 106b of the informa tion display 

device 300d shown in Fig. 12 receives from an obliq ue direction 

the data D 0 transmitted by the optical communication part 106a  of 

the information display device 300i.  Similarly, th e optical 

communication part 106b of the information display device 300j 

receives from an oblique direction the data D 0 transmitted by the 

optical communication part 106a of the information display device 

300c.  On the other hand, for example, the optical communication 

part 106b of the information display device 300b re ceives from a 

lateral direction the data D 0 transmitted by the optical communication 
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part 106a of the information display device 300a. 

[0315] 

 If the information display device 300 has a sensor  that can 

discriminate incidence angles at the light receivin g section of 

each optical communication part 106, communication between the 

different vehicles 901a and 901b can be automatical ly discriminated. 

[0316] 

 Further, if the light receiving section of each op tical 

communication part 106 has a camera, the informatio n display device 

300 can recognize the gangway 902 as an image.  Acc ordingly, the 

information display device 300 can automatically di scriminate 

communication between the different vehicles 901a a nd 901b. 

[0317] 

 As described referring to Fig. 6, as for communica tion between 

the different vehicles 901a and 901b, the angle bet ween the optical 

communication parts 106 changes when the vehicles 9 01a and 901 are 

moving in a curved section of a railroad.  Generall y, this change 

occurs by a relatively large angle over a period of  several seconds 

to several tens of seconds mainly in the lateral di rection of the 

vehicle 901. 

[0318] 

 On the other hand, even as for communication betwe en the 

information display devices 300 mounted adjacently in the same 

vehicle 901a, 901b, the angle between the optical c ommunication 

parts 106 changes as well.  This is caused by vibra tion or distortion 

of the body during operation, and the change occurs  mainly by a 

small angle of one second or less. 

[0319] 
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 Accordingly, the installation position presumption  part 508 

judges whether the communication party is one insta lled in the same 

vehicle 901a, 901b or one installed in a different vehicle 901a, 

901b, based on the change in the communication angl e. 

[0320] 

 Then, by adding this judgment result to the connec tion 

information 120, it becomes possible to identify th e information 

display devices 500 installed in the same vehicle 9 01a, 901b.  This 

also makes it easy to presume the installation posi tions of the 

information display devices 500. 

 

DESCRIPITION OF REFERENCE CHARACTERS 

[0321] 

100, 200, 300, 400, 500: information display device ; 11: display 

panel; 12: nonvolatile memory; 13: volatile memory;  15: CPU; 16: 

optical communication module; 17: memory; 101: disp lay part; 102: 

data accumulation part; 103: data storage part; 104 , 204, 304: display 

data switching part; 105, 205, 305: control part; 1 06: optical 

communication part; 107, 317: storage part; 206: im age taking part; 

120: connection information; 121: individual identi fier field; 122: 

type identifier field; 123: communication part fiel d; 307: 

identifier storage part; 308, 508: installation pos ition presumption 

part; 900, 901a, 901b: train; 901: vehicle; 902: ga ngway; 910: train 

operating system; 920: terminal device; 930: operat or; Df, Db: 

direction; ANG: effective angle; D 0, D 01, D 02, D 0a, D 0b, D 0c, D 0d, D 0e, 

D0f , D 2a, D 2b, D 2c, D 2d, D 2e, D 2f : data; D 1: optical communication part 

identification information; D 2: position identification 

information; D 3: vehicle number identification information ; D 4, 
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D41, D 42: individual identifier; D 5: type identifier; and D 6, D 61, 

D62: connection destination identification information . 
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WHAT IS CLAIMED IS: 

1. An information display device for transmitting a nd 

receiving data to and from one another, comprising:  

 a display panel that displays information; and 

 a plurality of optical communication modules that perform 

transmission and reception of the data including th e information 

to be displayed on the display panel by wireless us ing light; 

wherein, 

 the plurality of optical communication modules inc lude a 

first optical communication module directed in a fi rst direction 

and a second optical communication module directed in a different 

direction from the first direction; and 

 the data received by the first optical communicati on module 

is transmitted from the second optical communicatio n module. 

 

2. The information display device according to clai m 1, 

wherein: 

 the optical communication modules have an effectiv e angle 

satisfying a following equation (1): 

[Equation 1] 

 

. 

 

3. The information display device according to clai m 1 or 2, 

wherein: 

 when the received data includes first position 

identification information that can identify a posi tion of its 

own information display device, a second position i dentification 

)1(
2

tan4 1
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information that can identify a position of another  information 

display device is added to the received data before  transmission 

of the received data. 

 

4. The information display device according to clai m 3, 

wherein: 

 the first position identification information indi cates 

a first count value, and the second position identi fication 

information indicates a second count value that is the first count 

value changed by a predetermined value. 

 

5. The information display device according to clai m 3 or 4, 

wherein: 

 information corresponding to the first position 

identification information included in the received  data is 

displayed on the display panel. 

 

6. The information display device according to clai m 1 or 2, 

wherein: 

 connection information includes an individual iden tifier 

for identifying its own information display device,  a direction 

of an optical communication module that has been us ed for 

transmission of the data, a connection destination of the optical 

communication module that has been used for transmi ssion of the 

data, or a type identifier for identifying a type o f its own 

information display device; and 

 when the optical communication module receives the  

connection information of other information display  devices, its 
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own connection information and the connection infor mation of the 

other information display devices are transmitted f rom the optical 

communication module. 

 

7. The information display device according to clai m 6, 

wherein: 

 the information display device specifies its own 

installation position based on its own connection i nformation and 

the connection information of the other information  display 

devices. 

 

8. The information display device according to clai m 6 or 7, 

wherein: 

 the optical communication module identifies a sour ce of 

light that includes the data; and 

 based on an incident direction of the light, wheth er the 

source is in the vehicle or in a different vehicle is determined. 


