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START 
SOUNONG 

(57) ABSTRACT 

The present invention relates to an information generating 
apparatus for transmitting and receiving elastic waves 
through a transmission medium and for generating informa 
tion which is necessary for controlling/monitoring associ 
ated elements of a control System. 
Elastic waves are transmitted and received by using the 
movement path (2,111, 112, 211,211') of a mobile unit (1, 
151, 213) as a transmission medium. Based on a change in 
the level of a received elastic wave or on reception condi 
tions, Such as propagation time, of elastic waves, informa 
tion on the timing of Starting a Sounding operation in a 
railroad crossing, information on the presence/absence of a 
mobile unit on a movement path, information on the pres 
ence/absence of rupture in a movement path or information 
for automatically controlling a train is generated. 
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INFORMATION GENERATINGAPPARATUS 
USING ELASTC WAVES 

TECHNICAL FIELD 

0001. The present invention relates to an information 
generating apparatus for transmitting and receiving elastic 
waves through a propagation medium and for generating 
information to be used for controlling/monitoring a System. 

BACKGROUND ART 

0002 For example, a railroad crossing gate control 
operation performed in a current railway transportation 
system will be described hereinbelow. 
0003) When a train is detected by a train detection device 
that is provided at an approach detection point which is 
established at a predetermined place before a railroad croSS 
ing, a warning device Starts Sounding, and after a lapse of a 
predetermined time period since a Sounding Start point of 
time, a gate arm of a railroad crossing gate is caused to 
descend, as illustrated in FIG. 1. Thereafter, when it is 
detected that the train having entered the railroad crossing 
leaves there, the Sounding operation of the warning device 
is Stopped and moreover, the gate arm is caused to ascend. 
0004 Incidentally, a time period Tx between a moment 
from when the gate arm starts descending until the train 
enters the railroad crossing, should be Secured as, for 
example, a time period required for an automobile or the like 
left in the railroad crossing to get out there, and should be 
equal to or longer than a predetermined time period (of, for 
instance, 15 Seconds). Additionally, the Sounding operation 
of the warning device, which is performed to inform an 
automobile or the like traversing the railroad crossing of the 
fact that the train approaches the railroad crossing, should be 
commenced a predetermined time (TO shown in this figure, 
which is, for example, 30 Seconds) or more before a train 
enters the railroad crossing. 
0005 Hitherto, for the purpose of securing the aforemen 
tioned time periods Tx and T0, the timing with which the 
Sounding operation of the warning device is started (namely, 
the timing with which a crossing inhibition command is 
issued) is controlled on the assumption that, among trains 
passing through the railroad crossing, the fastest one passes 
therethrough. 

0006. However, there are various kinds of trains, which 
run through a same running Section, from a high-speed 
express train to a low-speed freight train. Thus, if the 
Sounding operation is started with the Same timing by 
assuming that, among trains passing through a railroad 
crossing, the fastest one passes therethrough, in the case that 
a train of which Speed is lower than that of the assumed train, 
passes through the railroad crossing, it takes time, which is 
longer than required, until the train reaches the railroad 
crossing after the Sounding operation of the warning device 
is Started, or after the gate arm descends. Consequently, the 
aforementioned time periods T0 and Tx become extremely 
long, So that a time period, during which automobiles and 
passers-by are prohibited from traversing the railroad croSS 
ing, becomes longer than required. 
0007 To solve the aforesaid problems, there has been 
employed a railroad crossing gate control operation that is 
referred to as a constant time control operation of timing 

Mar. 7, 2002 

controlling in Such a manner that the lengths of the time 
periods T0 and Tx are constant (see, for instance, Yoshimura 
and Yoshikosi, “Signal”, Koyusha, 1958). 
0008. A method for performing a constant time control 
operation is a delayed control method by which kinds of 
trains Such as an express, a local train and a freight train is 
detected and then, if a train is of the kind that runs at a low 
Speed, the Sounding operation of the warning device and the 
operation of the gate arm are delayed. 
0009. However, in the case of employing such a delayed 
control method, when a train which usually travels at a high 
Speed, runs by reducing the travelling Speed thereof owing 
to an occurrence of a trouble over train operations, a 
Sounding time period, during which the warning device 
Sounds, and a railroad crossing closing time period, during 
which the railroad crossing is closed by the crossing gate, 
become long, Similarly as in the aforementioned case. Fur 
ther, trains assigned to the kinds of low-Speed trains, for 
example, a freight train should run at a speed, which is lower 
than a speed limit, after passing through the approach 
detection point (namely, the train detection point), even in 
the case where the freight transported by the train is light and 
the train is thus in the condition that the travelling Speed 
thereof can be easily increased. Moreover, the delayed 
control method requires troubleSome operations of allocat 
ing the kinds to each train and of managing data representing 
the allocated kind. 

0010 Moreover, there has been employed a control 
method, by which the travelling speed of a train is detected 
at an approach detection point and the timing is controlled 
on the basis of the Speed detected at that time, as another 
method of performing a constant time control operation. In 
this case, the troubleSome operations for managing the 
allocated kinds of trains are unnecessary. 
0011. However, in the case of this method, if the train is 
accelerated after passing the approach detection point, the 
time periods T0 and Tx are shortened. Thus, there are still 
restraints imposed on the Speed at which the train runs after 
passing through the approach detection point. 

0012. As above stated, conventional railroad crossing 
gate control Systems have various defects which should be 
improved in various respects. 

0013 Furthermore, in the case of managing train traffic, 
a track is partitioned into a plurality of Sections. Then, the 
presence/absence of a train is detected in each of the 
Sections. Subsequently, the entrance of the train into each of 
the Sections and the leaving thereof from each of the Sections 
are controlled. In Such a train traffic management control 
System, a tracking circuit is employed as a conventional train 
detection device for detecting the presence/absence of a train 
in each of the Sections. 

0014 Principle of the train detection performed by using 
Such a track circuit will be described hereinbelow. 

0015. In each of a plurality of sections (referred to as a 
block Section) obtained by partitioning a track, on which a 
train travels, thereinto, a power Supply for feeding a signal 
current to be used to detect a train is connected to a pair of 
rails at the terminating side (namely, at the side from which 
the train leaves), while a track relay to be excited and driven 
by the aforementioned signal current is connected to a pair 
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of rails at the beginning Side (namely, at the side into which 
the train comes). Thus, a closed circuit for driving the track 
relay is constituted by utilizing a pair of rails as a part of an 
energizing path. 

0016. In such a constitution, when no train is present in 
a block Section, electric current flows through the aforemen 
tioned closed circuit, So that the track relay is exited (thus, 
is raised) and an output signal indicating the absence of a 
train is generated as a result of a relay contact operation. In 
contrast, when the train enters the block Section, wheels 
provide a short circuit between a pair of rails. Thus, electric 
current does not reach the track relay provided at the 
beginning Side of the block Section, So that the track relay is 
in a non-excited condition (thus, falls) and an output signal 
indicating the presence of a train is produced as a result of 
a relay contact operation. In this way, the presence/absence 
of a train is detected correspondingly to each of the block 
Sections. 

0.017. However, the conventional train detecting system, 
in which a train is detected by a track circuit utilizing the 
aforementioned electric circuit, has encountered a problem 
in that, although this System can detect whether or not a train 
is present in a block Section, the System cannot specify a 
place, at which the train is present, in the block Section. 
0.018. Additionally, it is important for achieving a safe 
running operation of a train in a railroad transportation 
System to detect whether or not there is a rupture in rails. 

0019. There have been provided conventional devices for 
detecting a rupture in rails, an example of which will be 
described hereinafter. 

0020 Namely, a rail is insulated at predetermined inter 
vals. Therefore, in a Segment between insulated parts 
thereof, a transmitter is provided at an end portion thereof 
and a receiver is provided at the other end portion thereof. 
Thus, an electric current path is formed by utilizing the 
non-insulated Segment of the rail. Further, if rupture takes 
place in the rail and portions of the rail are separated at a 
rupture part from one another, no electric current Sent from 
the transmitter is transmitted to the receiver through a 
Segment of the rail. Consequently, the device is adapted So 
that the presence/absence of a rupture in the rail is checked 
according to whether or not electric current Supplied from 
the transmitter is transmitted to the receiver. 

0021 However, although the rupture occurring in the rail 
can be reliably detected by the conventional device in the 
aforementioned case of the ruptured condition in which the 
portions of the rail are Separated at the rupture from one 
another, an electric current fed from the transmitter is 
allowed to flow through a part, which is not completely 
broken off, and can be received by the receiver according to 
the conventional method in the case that the rail is not 
completely ruptured but the portions thereof are partly 
connected at the rupture with each other. Moreover, in the 
case that the portions of the rail are in contact with each 
other even if the rail is completely ruptured, an electric 
current flows through the portions thereof can be received by 
the receiver. Consequently, the conventional rupture detec 
tion System has faced a problem in that this conventional 
System can detect only a condition where the rail is ruptured 
to the extent that the portions, into which the rail is divided 
at the rupture, are completely Separated from one another. 
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0022. In recent years, there have been demands for high 
Speed and high-density transportation in the railroad trans 
portation System, with the intention of enhancing the effi 
ciency in carrying passengers. Moreover, it has been 
requested that the aforementioned problems in respect of the 
railroad crossing gate control System, the train detection or 
the rail rupture detection are Solved by Simultaneously 
Securing the higher Safety and reliability than ever. 
0023 The present invention is accomplished in view of 
the aforesaid circumstances and aims at Solving the afore 
mentioned problems by transmitting and receiving elastic 
waves through a movement path of a mobile unit as a 
transmission medium and by generating information to be 
used for controlling/monitoring associated elements of a 
control System for performing control operations on the 
mobile unit, Such as a railroad crossing gate control opera 
tion, a train detection operation or an operation of detecting 
an occurrence of rupture in the movement path, based on an 
elastic wave reception signal. 

DISCLOSURE OF THE INVENTION 

0024. Thus, there is provided an information generating 
apparatus using elastic waves in accordance with the present 
invention, which employs a movement path of a mobile unit 
as a transmission medium, and which is constituted by 
comprising an elastic wave transmitting device for trans 
mitting elastic waves to the transmission medium, an elastic 
wave receiving device for receiving elastic waves transmit 
ted from the elastic wave transmitting device through the 
transmission medium, and an information generating device 
for generating information that is necessary for controlling/ 
monitoring associated elements of a control System for 
performing control operations on the mobile unit based on 
an elastic wave reception Signal received by the elastic wave 
receiving device. 

0025. With such a constitution, information needed for 
controlling/monitoring a mobile unit control System, for 
example, for performing various control operations on a 
railroad transportation System can be generated by using 
elastic waves. 

0026. In this case, the apparatus of the present invention 
may as well be constituted So that a transmitter of the elastic 
wave transmitting device and a receiver of the elastic wave 
receiving device are in contact with the transmission 
medium. 

0027. With such a constitution, the propagation speed of 
elastic waves is high and thus the information can be 
obtained quickly. 

0028. In the case that the mobile unit is a train, the 
apparatus of the present invention is constituted So that the 
information generating device comprises a propagation time 
measuring device for measuring an elastic wave propagation 
time during which an elastic wave propagates between the 
train and a railroad crossing placed partway through a train 
movement path, a distance computing device for computing 
a distance between the train and the railroad crossing, based 
on the measured propagation time, a Speed computing 
device for computing a train speed based on a change in the 
computed distance, and a control device for controlling 
timing, with which railroad crossing traversing inhibition 
command information is generated, based on the latest 
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computed distance and train Speed, and the railroad crossing 
traversing inhibition command information is generated 
under the control of the control device. 

0029 With Such a constitution, the distance between the 
train and the railroad crossing and the train Speed are 
computed every transmission of an ultrasonic wave. Further, 
the timing, with which the railroad crossing traversing 
inhibition command information is generated, is controlled 
on the basis of the latest computed distance and train Speed. 
Thus, even if the train Speed changes after the train passes 
through the approach detection point, the traversing inhibi 
tion command information can be generated with Suitable 
timing in response to the change in the train Speed. 

0030) Further, the apparatus of the present invention may 
as well be constituted So that a running pattern information 
transmitting device for transmitting a train running pattern 
information signal is provided in the train, while a running 
pattern discriminating device for discriminating running 
pattern information transmitted from the train is provided in 
the information generating device, the control device com 
prises an individual-running pattern boundary distance Set 
ting device for Setting a boundary distance between the 
railroad crossing and the train, by which a previously Set 
time can be Secured from the generation of Sounding opera 
tion Starting command information until when the train 
enters the railroad crossing, based on the computed train 
Speed correspondingly to each of the running patterns, a 
Selection device for Selecting a boundary distance corre 
sponding to a running pattern discriminated by the running 
pattern discriminating device, and a judgment device for 
comparing the distance, which is computed by the distance 
computing device, with the boundary distance Selected by 
the Selection device and for judging whether or not the 
computed distance is equal to or less than the boundary 
distance, and a moment, at which the computed distance 
becomes equal to or less than the boundary distance, is Set 
as a time at which the Sounding operation Starting command 
is generated. 

0031. With Such a constitution, the train transmits a train 
running pattern, Such as an acceleration pattern, a decelera 
tion pattern or a constant Speed pattern, to a ground facility 
that controls the timing with which the Sounding operation 
Starting command information corresponding to the trans 
mitted running pattern is generated. Thus, even in the case 
that the running pattern of the train approaching the railroad 
crossing is different, the timing, with which the Sounding 
operation starting command information is generated, can be 
controlled suitably. 

0.032 The apparatus of the present invention may as well 
be constituted So that an elastic wave transmitting device 
and an elastic wave receiving device are provided in the train 
and the ground facility, respectively, and, when an elastic 
wave transmitted through a rail from the ground facility is 
received by the train, an elastic wave is transmitted from the 
train as a reply without delay, and the elastic wave propa 
gation time, during which an elastic wave propagated 
between the train and the railroad crossing, is measured, 
based on a time between a moment, at which the ground 
facility starts transmitting an elastic wave to the train, and 
another moment at which the ground facility receives an 
elastic wave from the train. 
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0033 With Such a constitution, the necessity for synchro 
nizing a transmitting-Side device with a receiving-side 
device is eliminated. Consequently, the constitution of the 
apparatus can be simplified. 

0034) Furthermore, the apparatus of the present invention 
may as well be constituted So that the information generating 
device has a reception acknowledgement device for 
acknowledging reception of the elastic wave, and, when no 
reception acknowledgement Signal is Sent from the reception 
acknowledgement device in a condition that a detection 
Signal indicating the detection of a train approaching the 
railroad crossing is generated, traversing inhibition com 
mand information is immediately generated. 

0035. With such a constitution, in the case that the 
reception of an ultraSonic wave reception signal cannot be 
confirmed and thus no information on the distance and Speed 
of a train approaching the railroad crossing can be obtained, 
a traversing inhibition command is immediately issued. 
Thus, the Safety of an automobile or a passenger traversing 
the railroad crossing can be Secured. 

0036) The apparatus of the present invention may as well 
be constituted So that the information generating device has 
a detection device for detecting the presence/absence of the 
mobile unit based on a reception condition of an elastic wave 
received by the elastic wave receiving device and for gen 
erating mobile unit presence/absence. 

0037 With such a constitution, the mobile unit presence/ 
absence information can be obtained by using an elastic 
wave. This can be applied to the detection of a train in the 
railroad transportation System. 

0038. In the case that the mobile unit runs on two rails 
which are parallel with each other, the apparatus of the 
present invention may as well be constituted So that the 
elastic wave transmitting device is placed at an end portion 
of one of the two rails, the elastic wave receiving device is 
placed at an end portion, which is on the same Side as the 
elastic wave transmitting device, of the other of the two rails, 
and, when an elastic wave is transmitted from the one of the 
two rails to the other thereof through wheels of the mobile 
unit and is then received by the elastic wave receiving 
device, the detection device generates mobile unit presence 
information. 

0039. With such a constitution, if no mobile unit is 
present, the elastic wave receiving device receives no elastic 
waves. In contrast, if a mobile unit is present, an elastic wave 
is propagated from one of the rails to the other thereof 
through the mobile unit and is received by the elastic wave 
receiving device. The detection device is adapted in Such a 
manner as to detect the presence of the mobile unit by 
inputting an elastic wave reception Signal. Moreover, the 
position of the mobile unit can be detected by measuring the 
time between the initiation of the transmission of an elastic 
wave and the reception of this elastic wave. 

0040. The apparatus of the present invention may as well 
be constituted So that a sliding contact member, which rides 
astride and Slides on the two rails and exhibits an elastic 
wave propagation Speed characteristic being Superior than 
that of the mobile unit, is provided at a front portion of the 
mobile unit. 
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0041. With Such a constitution, the transmission loss of 
elastic waves propagated through the mobile unit can be 
Suppressed. Thus, the mobile unit can be detected further 
Surely. 

0.042 Additionally, the apparatus of the present invention 
may as well be constituted So that a connecting member for 
connecting between rails is provided at a rail position that is 
a previously Set predetermined distance, away from the 
elastic wave transmitting device and the elastic wave receiv 
ing device. 
0.043 With such a constitution, if the elastic wave propa 
gation Speed characteristic of the connecting member is 
already known, the distance, which is measured from the 
propagation time of the Signal received through the mobile 
unit, therefrom to the mobile unit can be corrected from an 
amount of a change in the propagation time of the reception 
Signal propagated through the connecting member. Thus, the 
position of the mobile unit can be detected with good 
precision by reducing the influence of a change in the elastic 
wave propagation Speed characteristic of the rails or the like, 
which is caused by a change in temperature. Moreover, if the 
elastic wave propagation Speed characteristic of the con 
necting member is Set in Such a manner as to be nearly the 
same as that of the mobile unit, the position of the mobile 
unit can be detected only by detecting that the Signal 
received through the connecting member is matched with 
the Signal received through the mobile unit. 
0044) The apparatus of the present invention may as well 
be constituted So that the elastic wave propagation speed 
characteristic of the connecting member is slower than that 
of the mobile unit. 

0.045 With Such a constitution, the connecting member 
can be utilized as a delay element for the elastic wave 
propagation. The position of the connecting member can be 
Set in the vicinity of the elastic wave transmitting device/the 
elastic wave receiving device. Consequently, the operation 
of establishing the connecting member and the maintenance 
thereof can be facilitated. 

0046) The apparatus of the present invention may as well 
be constituted so that, when the mobile unit travels on the 
two rails, which are parallel with each other, in the case 
where the presence/absence of the mobile unit is detected by 
comparing the level of a reception Signal with a threshold 
value, the elastic wave transmitting device is placed at an 
end portion of one of the two rails, and the elastic wave 
receiving device is placed at an end portion, which is at the 
Same side as the elastic wave transmitting device, of the 
other of the two rails, and a plurality of connecting members, 
which are Superior to the mobile unit in elastic wave 
propagation Speed characteristic, are established in Such a 
way as to be Spaced from one another and to connect 
between the two rails, and So that a distance from the elastic 
wave transmitting device to each of the connecting members 
and a distance from the elastic wave receiving device to each 
of the connecting members are previously Set. 

0047. With such a constitution, a reception signal 
received through each of the connecting members is 
received with time delay corresponding to the connection 
position thereof. Thus, the position of the mobile unit can be 
immediately detected by Sensing a reduction in the Signal 
level of the reception Signal due to an increase in propaga 
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tion loSS that is generated as a result of the fact that the 
mobile unit passes through each of the connecting-member 
mounting positions. 
0048. Further, the apparatus of the present invention may 
as well be constituted So that a detection device is estab 
lished in a block Section equipped with a track circuit for 
detecting a train, and a System of detecting a train by using 
a track circuit is utilized together with a System of detecting 
a train by using an elastic wave. 
0049. With such a constitution, the detection of a train 
can be achieved by a duplex System for detecting a train by 
using a track circuit and for detecting a train by using an 
elastic wave. Consequently, the reliability of the detection of 
a train is enhanced. 

0050. The apparatus of the present invention may as well 
be constituted So that the information generating device has 
a judgment device for making a judgment on presence/ 
absence of rupture in the movement path, based on a 
reception condition of an elastic wave received by the elastic 
wave receiving device and for generating information rep 
resenting presence/absence of rupture in the movement path. 
0051. With Such a constitution, the detection of rupture in 
the movement path is performed by using elastic waves. 
Thus, even in the partial rupture case that portions of the 
movement path are Still in contact with one another although 
the movement path has been ruptured, it is possible to detect 
rupture in the movement path, because the reception con 
dition of an elastic wave is different from that of the wave 
in the case of a normal state. 

0052 The apparatus of the present invention may as well 
be constituted in Such a manner as to have a checking device 
for checking a receiving function based on a reflection wave 
at a movement path joint in an end portion of a rupture 
checking Section. 
0053 With such a constitution, it can be monitored at all 
times whether or not the function of the elastic wave 
receiving device is normal. Consequently, the reliability of 
the detection of rupture is enhanced. 
0054 The apparatus of the present invention may as well 
be constituted So that, when the movement path consists of 
a plurality of running Sections electrically insulated from 
one another at rail joints, respectively, close Section end 
portions of at least adjacent running Sections among the 
plurality of running Sections are connected by device of 
insulating bypass propagation media adapted to propagate 
an elastic wave by bypassing the rail joint portions, and the 
plurality of running Sections connected by the bypass propa 
gation media are employed as the rupture checking Sections, 
and a connecting member for connecting between the rails 
parallel with each other, is formed with an insulating matter. 
0055 With such a constitution, the rupture detection 
device can be also used together with the track circuit for 
detecting a train. In addition, the presence/absence of rup 
ture in a plurality of track circuits can be monitored only by 
Such a single rupture detection device. 
0056 Furthermore, the apparatus of the present invention 
may as well be constituted So that an elastic wave and an 
electric Signal are transmitted from a predetermined position 
in the vicinity of a home Signal to a train through rails by 
being Synchronized with each other, a train Speed is calcu 
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lated in the train based on a time delay between the recep 
tions of the transmitted electric Signal and elastic wave, and 
Speed pattern information, which corresponds to a distance 
from the home Signal Stored in an information Storage device 
mounted on the train, is compared with the calculated train 
Speed, and when the home signal is in a stop aspect, a 
braking device of the train is operated if a stopping calcu 
lated train Speed is higher than a pattern Speed. 

0057 With such a constitution, an ATS (Automatic Train 
Stop) apparatus using elastic waves can be realized. 
0.058. Further, the apparatus of the present invention may 
as well be constituted So that elastic waves are transmitted 
from each elastic wave transmitting device to two rails 
which are parallel with each other, respectively, the elastic 
waves from the rails are received by each elastic wave 
receiving device in the train, respectively, and limit speed 
information representing a limit Speed of the train is 
imparted to the elastic waves to be transmitted to the rails, 
respectively, and then the elastic waves are transmitted 
thereto, respectively. 

0059. With such a constitution, the elastic waves to be 
transmitted to the rails, respectively, are easily made to be 
independent of one another. Thus, according to the present 
invention, the ATC (Automatic Train Control) apparatus can 
be easily constituted as a duplex System, which could not 
been constituted in the conventional apparatus in which the 
limit Speed information is given to the train by using an 
electric Signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0060 FIG. 1 is a diagram illustrating the railroad cross 
ing control timing; 
0061 FIG. 2 is a schematic diagram showing the entire 
constitution of a first embodiment in the case where the 
information generating apparatus of the present invention is 
applied to a railroad crossing control apparatus, 
0.062 FIG. 3 is a diagram showing the constitution of 
each of a transmitting apparatus and a receiving apparatus of 
FIG. 2; 
0.063 FIG. 4 is a diagram showing the constitution of a 
Signal processing circuit provided in the receiving of FIG. 
3; 
0.064 FIG. 5 is a time chart illustrating the principle of 
measurement of a propagation time, 
0065 FIG. 6 is a diagram showing a range in which the 
time T0 can be Secured when assuming an acceleration 
running pattern; 

0.066 FIG. 7 is a flowchart illustrating a timing judgment 
operation of the first embodiment of the present invention; 
0067 FIG. 8 is a flowchart illustrating an operation of the 
Signal processing circuit; 

0068 FIG. 9 is a diagram showing the constitution of a 
transmitter of another railroad crossing control apparatus 
which is a Second embodiment of the present invention; 
0069 FIG. 10 is a diagram showing the constitution of a 
primary part of a Signal processing circuit provided in a 
receiver of FIG. 9; 
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0070 FIG. 11 is a diagram showing a range in which the 
time T0 can be Secured when assuming a constant Speed 
running pattern; 

0071 FIG. 12 is a diagram showing a range in which the 
time T0 can be Secured when assuming an deceleration 
running pattern; 

0072 FIG. 13 is a flowchart illustrating a timing judg 
ment operation of the Second embodiment of the present 
invention; 

0073 FIG. 14(A) is a diagram illustrating an example of 
the constitution in which ultraSonic waves are transmitted 
from a ground facility and a reflection wave from a train is 
received; and (B) a diagram showing a propagation time 
from the transmission to the reception; 
0074 FIG. 15(A) is a diagram illustrating a check of the 
receiving ability of a receiving apparatus utilizing rail joints 
in the case of using the reflection wave; and (B) a diagram 
showing a propagation time from the transmission to the 
reception; 

0075 FIG. 16 is a diagram showing the constitution of 
Still another embodiment of the railroad crossing control 
apparatus of the present invention; 

0076 FIG. 17 is a diagram showing the constitution of a 
first embodiment in the case where the present invention is 
applied to a mobile unit detecting apparatus, 

0077 FIG. 18 is a diagram showing the constitution of 
each of a transmitting apparatus and a receiving apparatus of 
FIG. 17; 

0078 FIG. 19 is a waveform chart showing the wave 
form of a reception Signal at the time when elastic waves are 
propagated through the rails, 

007.9 FIG. 20 is a diagram showing the constitution of a 
Second embodiment of the mobile unit detecting apparatus 
of the present invention; 

0080 FIG. 21 is a waveform chart showing the wave 
form of a reception Signal at the time when elastic waves are 
propagated by connecting between rails through the use of 
an iron plate; 
0081 FIG. 22 is a diagram illustrating experiment con 
ditions in the case of FIG. 21; 

0082 FIG. 23 is a waveform chart showing the wave 
form of a reception Signal at the time when elastic waves are 
propagated through wheels of the train; 

0083 FIG. 24 is a diagram showing the constitution of a 
third embodiment of the mobile unit detecting apparatus of 
the present invention; 
0084 FIG. 25 is a diagram showing the constitution of a 
fourth embodiment of the mobile unit detecting apparatus of 
the present invention; 
0085 FIG. 26 is a diagram illustrating an example of a 
mobile unit detecting operation at the time when specifying 
the detection position of the mobile unit; 
0086 FIG. 27 is a diagram showing a constitution of the 
apparatus in the case of reducing the influence of a reflection 
wave on end Surfaces of the rails, 
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0.087 FIG. 28 is a diagram showing another constitution 
of the apparatus in the case of reducing the influence of a 
reflection wave on end Surfaces of the rails, 
0088 FIG. 29 is a diagram illustrating an example of a 
train detection operation at a point portion; 
0089 FIG. 30 is a diagram showing the configuration of 
an embodiment using both of a method of detecting a train 
by using ultraSonic waves and a method of detecting a train 
by using a track circuit, 
0090 FIG. 31 is a diagram showing the constitution of 
another embodiment of the train detecting apparatus of the 
present invention; 
0.091 FIG. 32 is a schematic diagram showing the entire 
constitution of a first embodiment in the case where the 
information generating apparatus of the present invention is 
applied to a rupture detecting apparatus, 

0092 FIG. 33 is a diagram showing the constitution of 
each of an ultraSonic transmitting apparatus and an ultra 
Sonic receiving apparatus of FIG. 32; 
0.093 FIG. 34 is a diagram illustrating an operation of the 

first embodiment of the rupture detecting apparatus, 
0094 FIG. 35 is a schematic diagram showing the con 
Stitution of a Second embodiment of the rupture detecting 
apparatus of the present invention; 

0.095 FIG. 36 is a diagram showing the constitution of 
each of an ultraSonic transmitting apparatus and an ultra 
Sonic receiving apparatus of FIG. 35; 
0.096 FIG. 37 is a diagram illustrating an operation of the 
Second embodiment of the rupture detecting apparatus of the 
present invention; 

0097 FIG. 38 is a schematic diagram showing the con 
Stitution of a third embodiment of the rupture detecting 
apparatus of the present invention; 

0.098 FIG. 39 is a schematic diagram showing the con 
Stitution of a fourth embodiment of the rupture detecting 
apparatus of the present invention; 

0099 FIG. 40 is a diagram showing the constitution of 
each of an ultraSonic transmitting apparatus and an ultra 
Sonic receiving apparatus of FIG. 39; 

0100 FIG. 41 is a schematic diagram showing the con 
stitution of a fifth embodiment of the rupture detecting 
apparatus of the present invention; 

0101 FIG. 42 is a schematic diagram showing the con 
Stitution of a sixth embodiment of the rupture detecting 
apparatus of the present invention; 

0102 FIG. 43 is a schematic diagram showing the con 
Stitution of a Seventh embodiment of the rupture detecting 
apparatus of the present invention; 

0103 FIG. 44 is a diagram illustrating an operation of the 
embodiment of the rupture detecting apparatus of the present 
invention of FIG. 43; 

0104 FIG. 45 is a schematic diagram showing the con 
Stitution of an eighth embodiment of the rupture detecting 
apparatus of the present invention; 
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0105 FIG. 46 is a schematic diagram showing the con 
Stitution of a ninth embodiment of the rupture detecting 
apparatus of the present invention; 
0106 FIG. 47 is a diagram showing an example of ATS 
System to which the present invention is applied; 
0107 FIG. 48 is a diagram showing an example of ATC 
System to which the present invention is applied; 
0.108 FIG. 49 is a diagram showing an example of the 
case where train number information is transmitted from the 
train to the ground facility; 
0109 FIG. 50 is a diagram showing an example of the 
constitution of the apparatus in which temperature compen 
sation for a change in ultrasonic wave propagation due to a 
variation in temperature. 
0110 FIG. 51 is a diagram showing another mounting 
Structure of the transmitter and the receiver; 
0111 FIG. 52 is an enlarged sectional view of the trans 
mitter and the receiver of FIG. 51; 
0112 FIG. 53 is a sectional view taken in the direction of 
arrows along the line A-A of FIG. 52; and 
0113 FIG. 54 is a graph illustrating the inter-rail elastic 
wave propagation characteristic in the case that the rails are 
intervened by the wheel and shaft of the train. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0114 Hereinafter, the embodiments of the information 
generating apparatus of the present invention using elastic 
waves will be described with reference to the accompanying 
drawings. 

0115 First, there will be described the case where the 
present invention is applied to a railroad crossing control 
device, 
0116 FIG. 2 is a schematic diagram illustrating the entire 
constitution of a first embodiment of the apparatus. 
0117. As shown in FIG. 2, a pair of railroad crossing 
gates 4A and 4B and a pair of warning devices 5A and 5B 
are provided at a railroad crossing 3 that is placed in an 
operating Section of a train 1 acting as a mobile unit running 
on rails 2 Serving as a movement path. Further, at a point 
(namely, an approach detection point) which is established 
at a predetermined distance before the railroad crossing 3, 
there is provided a train detector 6 for detecting that the train 
1 passes therethrough. 
0118. An ultrasonic transmitting apparatus 20 serving as 
an ultrasonic transmitting device adapted to transmit, for 
example, ultrasonic waves as elastic waves is mounted in the 
train 1. Further, a receiving apparatus 30 Serving as an 
ultraSonic receiving device for receiving ultraSonic waves, 
which are propagated through the rails 2, is connected to the 
rails 2 in the railroad crossing 3 to which a train approaches. 
0119) The ultrasonic transmitting apparatus 20 and the 
ultraSonic receiving apparatuS 30 have the constitution as 
shown in FIG. 3. 

0.120. As shown in FIG. 3, the ultrasonic transmitting 
apparatus 20 is provided with: a transmitting-Side timing 
Signal generating circuit 21, which generates transmitting 
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Side timing Signal CKS at a constant period tek; an ultrasonic 
wave generating circuit 22 which generates ultraSonic waves 
at the generating period tek corresponding to the transmit 
ting-Side timing Signal CKS; and a transmitter 23 for trans 
mitting ultraSonic waves. Incidentally, the transmitter 23 is 
established in Such a manner that a transmitting face is 
directly contact to a metallic axle Supporting member. Thus, 
a reduction in the ultraSonic-wave receiving Sensitivity can 
be prevented by transmitting ultraSonic waves to the rail 2 
through the axle Supporting member, the metallic axle and 
the metallic wheel. 

0121 The ultrasonic wave receiving apparatus 30 is 
constituted by comprising: a receiving-Side timing Signal 
generating circuit 31, which generates receiving-Side timing 
Signal CKR in Synchronization with the transmitting-side 
timing Signal generating circuit 21; a receiver 32 for receiv 
ing ultraSonic waves which are propagated through the rail 
2, a receiving gate circuit 33 for enabling a gate in response 
to the input of the receiving-Side timing Signal CKR and for 
passing the ultraSonic waves received by the receiver 32 
therethrough; and a signal processing circuit 34 Serving as 
an information generating device to which a reception signal 
S is input through the receiving gate circuit 33. 
0122) Incidentally, both of the timing signal generating 
circuits 21 and 31 are provided with calibration signal 
receiving apparatuses (not shown) for Synchronizing both of 
timing Signals CKS and CKR with each other, respectively, 
similarly as in the case of FIG. 36 (to be described later). 
Method of Synchronizing both of timing Signals CKS and 
CKR with each other is to generate calibration signals from 
the same calibration Signal generating Source periodically 
and to forcibly reset the timing Signal generating operations 
when a calibration Signal is received by each of the calibra 
tion signal receiving apparatuses through, for instance, wire 
leSS communication. Thus, the transmitting Side and the 
receiving Side can be prevented from being out of Synchro 
nization. 

0123. As shown in FIG. 4, the signal processing circuit 
34 is constituted by comprising: a propagation time mea 
Suring circuit 34A Serving as a propagation time measuring 
device for measuring a propagation time t from the afore 
mentioned reception Signal S and the receiving-Side timing 
Signal CK, a timing judgement circuit 34B for computing 
the distance X (or the position of a train) from the railroad 
crossing 3 to the train 1 and the train Speed V on the basis of 
the measured propagation time t and for generating travers 
ing inhibition timing judgment Signals P correspondingly to 
the timing of initiation of Sounding operations of warning 
devices 5A and 5B and the timing of a descent of a crossing 
gate arm, based on these computed values, a first OR gate 
34C for computing a logical OR of a train detection signal 
D from the train detector 6, and a reception Signal S; an 
off-delay circuit 34D for delaying a fall of an output of the 
first OR gate 34C by a predetermined time; an AND gate 
34E for computing a logical AND of a delay signal Ps from 
the off-delay circuit 34D and the judgment Signal P gener 
ated by the aforementioned timing judgment circuit 34B, 
and a Second OR gate 34F for outputting a timing control 
Signal y by computing the logical OR of an output of an 
AND gate 34E and a train detection signal D. Further, as will 
be described later, an output y of the second OR gate 34F 
drops when a Sounding operation Starting time comes on 
condition that the train 1 is detected. Then, a Sounding 
operation Starting command is generated. Incidentally, the 
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aforementioned timing judgment circuit 34B has the func 
tions of the Speed computing device and the control device. 
0.124. Further, the aforementioned first OR gate 34C and 
the off-delay circuit 34D are used to confirm that the 
reception Signal S is received at a predetermined interval 
(corresponding to the interval between transmissions of 
ultraSonic waves) after the train 1 passes through the 
approach detection point. Moreover, the aforementioned 
first OR gate 34C and the off-delay circuit 34D compose a 
reception acknowledgement device. Namely, when a train is 
detected by the train detector 6, the Signal level of a train 
detection signal D sent from the train detector 6 falls. After 
the Signal level of the train detection Signal D drops, a delay 
Signal PS (corresponding to the reception acknowledgment 
signal) is still generated from the off-delay circuit 34D if the 
reception Signal S is input at the predetermined interval. 
However, when there is no reception signal S, the Signal 
level of the delay signal Ps for the off-delay circuit 34D 
drops. Then, an output operation of the AND gate 34E stops. 
Consequently, an output operation of the OR gate 34F is 
ceased , and a Sounding operation Starting command is 
generated. Thus, there can be prevented an occurrence of a 
delay in Starting a Sounding operation owing to the fact that 
no reception Signal S is received and no judgment cannot be 
made on the traversing inhibition timing. 
0.125 Next, a propagation time measuring operation of 
the propagation time measuring circuit 34A will be 
described hereunder. 

0.126 Ultrasonic waves are transmitted from the ultra 
Sonic wave transmitter 22 at the period tek at which the 
transmitting-Side timing Signals CKS are generated, and are 
propagated through the rail 2. In the receiving apparatuS 30, 
an ultraSonic wave is received every transmission period tek, 
and a reception Signal S is produced. Simultaneously, a 
receiving-Side timing Signal CK is generated in Synchro 
nization with the transmitting-Side timing Signal CKS. AS 
shown in FIG. 5, the reception signal S is input from the 
receiving gate circuit 33 to the propagation time measuring 
circuit 34A of the Signal processing circuit 34 almost at the 
period tek. In the propagation time measuring circuit 34A, 
each time a reception Signal S is input, a time tk, th:--1. . . 
between the input of the receiving-Side timing Signal CK 
and the input of the reception signal S is counted by a 
counter, So that the propagation time t is obtained. 
0127 Next, a judgment method on the traversing inhibi 
tion timing in this embodiment will be described hereinbe 
low. 

0128. In this embodiment, a judgment on the traversing 
inhibition timing is made by judging whether or not the 
position of the train (namely, the distance X to the railroad 
crossing 3) obtained from the propagation time of the 
ultraSonic wave is a distance capable of Securing the time T0 
illustrated in FIG., even when the train increase the speed 
thereof from the value V at that time at the maximum 
acceleration Climax. Incidentally, the maximum acceleration 
Climax is defined as the maximum value of accelerations 
obtained by all trains which run through the section. 
0129. When the train, whose speed is V, increases the 
Speed at the maximum acceleration Climax, the distance X', 
which the train runs for the time period T0, is obtained by 
the following equation: 
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0130. Therefore, the condition for securing the time T0 is 
obtained by comparing the distance X from the train to the 
railroad crossing with the distance X and thus is given by: 

0131 Incidentally, the aforementioned distance x' is a 
boundary distance by which the time T0 can be secured. 
0132) The distance X from the railroad crossing to the 
train is obtained from the measured propagation time t and 
the ultrasonic wave propagation Speed Cm by the following 
equation (2): 

x=Cnt (2) 

0133. The train speed V is obtained from the difference At 
between the last value and the currentt value of the measured 
propagation time. At (in the case illustrated in FIG. 5, 
At=tk-tk+1) and the generation period of the timing signal 
CKR (CKs), by the following equation (3): 

v=Cn Atitck (3) 

0134) It is understood from the equations (2) and (3) that 
the distance X is in proportion to the propagation time t and 
that the train Speed V is in proportion to the propagation time 
difference At. 

0135) The following equation (4) is obtained by substi 
tuting the equation (3) into the equation (1) and assuming the 
difference between the distances X and x' as a function f(t, 
At) of t and At: 

0.136 Therefore, the condition for securing the time T0 is 
f(t, At)>0. This condition is met in a diagonally shaded 
region in a graph of FIG. 6 which shows the relation 
between the train speed v and the distance X therefrom to the 
railroad crossing based on the equation (1). Thus, the timing 
judgment circuit 34B has the functions of a boundary 
distance Setting device and the judgment device. 
0.137 Next, a traversing inhibition timing control opera 
tion of this embodiment will be described hereinbelow. 

0138 Ultrasonic waves are transmitted at the period tek 
from the train 1 approaching the railroad crossing 3 and are 
propagated through the rail 2. In the receiving apparatuS 30, 
a receiving-Side timing Signal CK is generated at the 
aforementioned period tek, and further, a reception Signal S 
and the receiving-Side timing Signal CK are input to the 
Signal processing circuit 34. The propagation time measur 
ing circuit 34A measures the propagation time t of the 
aforementioned reception Signal Severy input thereof. 
0139 Moreover, the timing judgment circuit 34B per 
forms a traversing inhibition timing judgment operation 
according to the flowchart of FIG. 7. 
0140. In step 1 (incidentally, in this figure, this step is 
indicated by reference character S1 and further, the Subse 
quent StepS are indicated by reference characters in a similar 
manner), it is judged whether or not the reception signal S 
is input thereto. If the reception Signal S is input thereto, the 
proceSS advances to Step 2. 
0.141. In step 2, the propagation time t measured by the 
propagation time measuring circuit 34A is read. 
0142. In step 3, it is judged based on the train detection 
Signal D Sent from the train detector 6, which is placed at the 
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approach detection point, whether or not the train 1 is 
detected. The train detection signal D output from the train 
detector 6 has a low signal level when the train 1 is detected. 
Therefore, if the train detection signal D has a high Signal 
level, it is judged that no train approaches the railroad 
crossing. Then, the proceSS proceeds to Step 8 wherein the 
propagation time t measured this time is Stored as the last 
time value tin. Subsequently, in Step 9, it is judged that there 
is no necessity for performing a Sounding operation, and 
then, a judgment Signal P is produced. If the train 1 is 
detected and the Signal level of the train detection signal D 
drops, it is judged that the train is present. Then, the process 
advances to Step 4. Incidentally, in a condition in which the 
train 1 is not detected and the Signal level of the train 
detection Signal D rises, a high-level output is generated 
from the second OR gate 34F. 

0143. In step 4, the difference At between the propagation 
time t measured this time and the value tin of the propagation 
time measured the last time is computed. 

0144. In step 5, the aforementioned function f(t, At) is 
computed on the basis of the read propagation time t and the 
difference At to thereby judge whether or not a Sounding 
operation is to be started. If f(t, At)s 0, it is judged in Step 
6 that it is time to Start a Sounding operation, and thus, the 
generation of the judgment Signal P is stopped. Conse 
quently, an output of the AND gate 34E is stopped, So that 
the signal level of an output of the second OR gate 34F 
becomes low and a Sounding operation Starting command is 
generated. 

0145. In step 7, it is judged based on the train detection 
signal D whether or not the train 1 leaves the railroad 
crossing 3. Further, an output of the judgment Signal P is 
Stopped until the train 1 leaves the crossing 3. When leaving 
the crossing 3, the timing judgment circuit 34B is reset at the 
rising edge of the train detection Signal D and thus the 
process prepares for the approach of the next train. Subse 
quently, a Sounding operation Stop command and a crossing 
gate arm raising command are generated at the rising edge 
of the second OR gate 34F. 

0146 In contrast, if f(t, At)>0, it is judged as being too 
early to Start a Sounding operation. Thus, operations in the 
aforementioned steps 8 and 9 are performed. At that time, 
both of a delayed output PS of the off-delay circuit 34D and 
the judgment output P output from the timing judgment 
circuit 34B are produced. Thus, an output of the second OR 
gate 34F has a high Signal level. 

0147 FIG. 8 is a time chart illustrating an operation of 
the aforementioned signal processing circuit 34. 

0.148 With Such a constitution, the sounding operation 
initiation timing is controlled by monitoring the train Speed 
even after the train passes through the approach detection 
point. Thus, the Sounding operation Start timing and the 
crossing gate arm descend timing, which are necessary for 
the Safety of an automobile or a passenger traversing the 
railroad crossing, can be Secured. Moreover, as compared 
with the conventional railroad crossing gate control appa 
ratus, a waste Sounding operation time or a waste railroad 
crossing closing time by the crossing gate arm can be 
reduced. Therefore, the Safety of an automobile or a pas 
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Senger traversing the railroad crossing can be Secured and 
moreover, the railroad crossing traversing inhibition time 
can be prevented from being unnecessarily extended. 

0149 Next, the second embodiment of the railroad cross 
ing gate control apparatus of the present invention will be 
described hereinafter. 

0150. There are various running patterns in the case that 
a train approaches a railroad crossing. For example, in the 
case where the railroad crossing is placed in the proximity 
of a Station, it is often that a train having departed from the 
Station approaches the railroad crossing while accelerating 
and that, in contrast, a train to be stopped at the Station 
approaches the railroad crossing while decelerating. More 
over, in the case that the railroad crossing is provided in a 
running Section between Stations, it is frequent that a train 
approaches the railroad crossing at a constant Speed. 

0151. Thus, if a judgment on the sounding operation start 
timing is made by assuming that all of the running patterns 
are of the type in which a train approaches the railroad 
crossing while accelerating, Similarly as in the first embodi 
ment, there is the fear that the time T0 between the initiation 
of a Sounding operation and the entrance of a train to the 
railroad crossing becomes longer than required, in the case 
where the running pattern of the train approaching the 
railroad crossing is of the type in which the train decelerates 
or runs at a constant Speed. The Second embodiment is 
developed So as to eliminate Such fear. 

0152 The Second embodiment is obtained by imparting a 
running pattern information generating function to the trans 
mitting apparatus and further imparting a running pattern 
discriminating function to the receiving apparatus of the 
ground facility, in addition to the constitution of the first 
embodiment. 

0153 FIG. 9 shows the constitution of the transmitting 
apparatus of the Second embodiment. 

0154 As shown in FIG. 9, an ultrasonic wave transmit 
ting apparatus 20' of this embodiment is provided with: 
Signal generatorS 24, 25 and 26 adapted to generate signals 
f1, f2 and f3 having different frequencies which correspond 
to the running patterns of the acceleration, deceleration and 
constant speed running types, respectively; a Selection cir 
cuit 27 for Selecting and driving one of the aforementioned 
Signal generators 24, 25 and 26 according to the current 
running pattern; and a modulation circuit 28 for modulating 
the aforementioned frequency Signals f1, f2 and f3, in 
addition to the timing Signal generating circuit 21, the 
ultraSonic wave generating circuit 22 and the transmitter 23 
of the first embodiment. The modulation circuit 28 modul 
lates ultrasonic waves generated from the ultrasonic wave 
generating circuit 22 by using the frequency Signals of the 
frequencies f1, f2 and f3 in Synchronization with the timing 
Signal CKS Sent from the timing Signal generating circuit 21. 
Further, the modulation circuit 28 outputs the modulated 
Signals to the transmitter 23. Incidentally, the aforemen 
tioned signal generators 24, 25 and 26, the Selection circuit 
27 and the modulation circuit 28 compose a running pattern 
information transmitting device. 

O155 The receiving apparatus of the second embodiment 
is different from that of the first embodiment only in the 
constitution of the signal processing circuit. FIG. 10 shows 
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the constitution of a primary part of the Signal processing 
circuit of the receiving apparatus of the Second embodiment. 

0156. As shown in FIG. 10, the signal processing circuit 
34 of this embodiment is equipped with: band-pass filters 
34G, 34H and 34I for filtering the aforementioned frequency 
signals f1, f2 and f3, respectively. Further, the functions of 
discriminating the running patterns transmitted from the 
train and of judging the Sounding operation start timing on 
the basis of judgment conditions corresponding to each of 
the running patterns are imparted to the timing judgment 
circuit 34B'. Incidentally, the band-pass filters 34G, 34H and 
34I and the timing judgment circuit 34B' compose a running 
pattern discriminating device. Moreover, the timing judg 
ment circuit 34B' also has the functions of an individual 
running pattern boundary distance Setting device, a Selection 
device and a judgment device. Incidentally, the rest of the 
constitution of the Signal processing circuit 34" is similar to 
the corresponding parts of the first embodiment, and thus the 
description is omitted. 

O157 Hereinafter, judgment conditions for making judg 
ments in the cases of the constant Speed and deceleration 
running patterns. 

0158. In these cases of employing the constant speed and 
deceleration running patterns, a judgment is made by com 
paring the value of the function f(t, At) with 0, Similarly as 
in the aforementioned case of employing the acceleration 
running pattern. 

0159. In the case of employing the constant speed run 
ning pattern, the distance X', which the train runs at a speed 
V for the time period T0, is obtained by the following 
equation: 

0160 Therefore, in the case of employing the constant 
Speed running pattern, the function f(t, At) is obtained by the 
following equation (6): 

f(t, At)=Cint-Cm Att0/tck (6) 

0.161 Further, when the train, whose speed is V, decreases 
the Speed at the minimum deceleration Cimin, the distance X', 
which the train runs for the time period T0, is obtained by 
the following equation: 

x'=yTO-(cuminTO)/2 (7) 

0162 Incidentally, it is supposed that C.mind-0. 

0163 Therefore, in the case of employing the decelera 
tion running pattern, the function f(t, At) is obtained by the 
following equation (8): 

f(t, At)=Cint-L0-Cm AtTO/tck-(CiminTO’)/2 (8) 

0.164 where L0 is a margin distance. 

0.165. Furthermore, the condition for securing the time TO 
is f(t, At)>0. In the case of employing the constant speed 
running pattern, this condition is met in a diagonally shaded 
portion in a graph of FIG. 11 which shows the relation 
between the train speed v and the distance X therefrom to the 
railroad crossing. Similarly, in the case of employing the 
deceleration running pattern, this condition is met in a 
diagonally shaded portion in a graph of FIG. 12 which 
shows the relation therebetween. 
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0166 Next, a traversing inhibition timing control opera 
tion of the second embodiment will be described hereinbe 
low. 

0167 Ultrasonic waves are transmitted from the train 1 
approaching the railroad crossing 3 at the period tek and are 
propagated through the rails 2. The aforementioned ultra 
Sonic waves contain information on the running pattern of 
the train 1. For example, assuming that the corresponding 
relation between the frequency Signals and the running 
patterns is in Such a manner that the frequency signals f1, f2 
and f3 correspond to the acceleration running pattern, the 
constant speed running pattern and the deceleration running 
pattern, respectively, the Signal generator 24 is Selected and 
driven by the selection circuit 27 and ultrasonic waves 
modulated by using the frequency signal f1 are transmitted 
in the case that the running pattern informed by the train 1 
to the ground facility is the acceleration running pattern. In 
the cases of employing the constant Speed running pattern 
and the deceleration running pattern, an ultraSonic wave 
modulated by using the frequency Signal f2 and an ultrasonic 
wave modulated by using the frequency Signal f3 are trans 
mitted, respectively. 
0168 The receiving apparatus 30 receives the ultrasonic 
waves transmitted from the train 1 and inputs the reception 
Signal S to the Signal processing circuit 34. The reception 
Signal S is input to the propagation time measuring circuit 
34A and is used to measure a propagation time and is filtered 
by each of the band-pass filters 34G, 34H and 34-I, similarly 
as in the case of the first embodiment. Further, in the case of 
employing the acceleration running pattern, the frequency 
signal f1 is input from the band-pass filter 34G to the timing 
judgment circuit 34B'. Moreover, in the case of employing 
the constant Speed running pattern, the frequency Signal f2 
is input from the band-pass filter 34H to the timing judgment 
circuit 34B'. Furthermore, in the case of employing the 
deceleration running pattern, the frequency Signal f is input 
from the band-pass filter 34I to the timing judgment circuit 
34B'. 

0169. The timing judgment circuit 34B' is operative to 
perform a traversing inhibition timing judgment process on 
the basis of each of the input Signals according to a flowchart 
of FIG. 13. 

0170 In steps 11 and 12, similarly as in the case of the 
first embodiment, it is judged whether or not a reception 
Signal S is input. If the reception signal S is input, a 
propagation time t is read. 
0171 In step 13, a running pattern notified from the train 
1 is discriminated based on the frequency of a signal input 
from one of the band-pass filters 34G to 34I. 
0172 In steps 14 and 15, similarly as in the case of the 

first embodiment, it is judged whether or not a train is 
detected. If the train is detected, the propagation time 
difference At is computed. 

0173 In step 16, the condition function f(t, At) corre 
sponding to the running pattern discriminated in Step 13 is 
Selected. 

0.174. In step 17, it is judged based on the selected 
function f(t, At) in Step 16 whether or not a Sounding 
operation should be started. If f(t, At) 0, it is judged that it 
is time to start a Sounding operation. Moreover, an output of 
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the judgment Signal P is stopped. Furthermore, the judgment 
Signal P is held in a stopped State until it is detected that the 
train leaves the railroad crossing. When it is detected that the 
train leaves the railroad crossing, the timing judgment 
circuit 34B' is reset at the rising edge of a train detection 
Signal D. 

0175. In contrast, if f(t, At)>0, it is judged that it is too 
early to Start a Sounding operation. Thus, Similarly as in the 
case of the first embodiment, operations in Steps 20 and 21 
are performed. 

0176 With Such a configuration, there can be provided a 
railroad crossing gate control apparatus with flexibility, 
which further has advantageous effects of being able to 
control the Sounding operation Start timing Suitably and to 
deal with various running patterns, even in the case that the 
running patterns of the trains approaching the railroad 
crossing 3 are different from one another, in addition to the 
advantageous effects of the first embodiment. 
0177 Incidentally, in the case of the second embodiment, 
when the train travels by being accelerated even though the 
train has informed the ground facility that the train runs by 
being decelerated, there is the fear that the initiation of the 
Sounding operation lags behind an appropriate Start time 
because a time required for the train to reach the railroad 
crossing is shorter than the time computed by the ground 
facility. Therefore, in the case of the Second embodiment, 
the train having informed the ground facility of the running 
pattern should follow the informed running pattern. Thus, 
the Safety is further enhanced by imparting the speed lim 
iting function for monitoring the running Speed and restrict 
ing the train Speed to a control Speed Set according to the 
informed running pattern. 

0.178 Incidentally, each of the aforementioned embodi 
ments is configured So that timing Signals are generated by 
the ground facility and the train, respectively, and that the 
propagation time is measured by Synchronizing the trans 
mission and reception of ultraSonic waves with each other. 
The present invention is not limited thereto. For example, 
the apparatus may be adapted So that an ultraSonic wave 
transmitting apparatus is added to the ground facility, while 
an ultraSonic wave receiving apparatus is added to the train, 
the ground facility first transmits ultraSonic waves and 
Subsequently, when the train receives Such ultraSonic waves, 
the transmitting apparatus of the train transmits ultrasonic 
waves as a reply without delay, which are then received by 
the receiving apparatus of the ground facility, and the 
propagation time required for the ultrasonic wave to propa 
gate the distance between the train and the railroad crossing 
based on a time between a moment, at which the ultrasonic 
wave is transmitted by the ground facility, and a moment at 
which the ground facility receives the ultraSonic wave 
transmitted thereto as the reply. In this case, there is no need 
for Synchronizing the ground facility and the train with each 
other. Incidentally, the function of amplifying ultrasonic 
wave signal may as well be imparted to a repeating process. 

0179 Furthermore, the apparatus may be configured so 
that ultrasonic waves are transmitted from the ground facil 
ity and thereafter, the Speed and position of the train are 
detected by receiving reflection waves from the train. 
0180 Namely, as shown in FIG. 14(A), an ultrasonic 
wave transmitting apparatus 40 and an ultraSonic wave 
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receiving apparatus 50 are provided in portions of the rails 
2 in the railroad crossing 3 at the Side of the ground facility. 
Further, ultrasonic waves are transmitted at constant time 
intervals to the rails 2 from the ultraSonic wave transmitting 
apparatus 40. The ultraSonic waves are propagated through 
the rails 2 and are reflected by wheels 60 of the train 1. Then, 
the reflection waves are received by the ultrasonic wave 
receiving apparatus 50. 

0181. In this case, let X denote the distance between the 
railroad crossing and the train. Further, let tR designate the 
measured time between a moment, at which the transmission 
of ultraSonic waves is started, and a moment at which the 
ultraSonic waves are received. Furthermore, the measured 
time tR is given by: 

tR=2xfon (9) 

0182. Thus, the distance X is obtained by: 
x=tRCnf2 (10) 

0183 Moreover, the train speed V can be obtained from 
the ultrasonic-wave generating period by using the equation 
(3). 
0184 With such a constitution, the necessity for mount 
ing the ultraSonic wave transmitting apparatus in the train is 
eliminated. Further, with Such a constitution, for instance, 
when no train is present, the reception ability of the ultra 
Sonic wave receiving apparatuS 50 can be checked by 
utilizing a joint 2A of the rail2, as illustrated in FIG. 15(A). 
The distance x0 to the joint 2A of the rail2 is already known. 
Thus, as illustrated in FIG. 15(B), by verifying whether or 
not a reception Signal is present at a predetermined time to 
(=2x0/Cm), at which an ultrasonic wave reflected by the 
joint 2A is to be received after the ultrasonic waves are 
transmitted, it can be checked whether or not the receiving 
apparatus is normal. 

0185. Further, another embodiment is illustrated in FIG. 
16 and will be described hereinbelow. 

0186 This embodiment is adapted so that electric signals 
are propagated through the rails together with ultraSonic 
WWCS. 

0187. As shown in FIG. 16, in the railroad crossing 3, the 
ultraSonic wave transmitting apparatuS 40 and the ultrasonic 
wave receiving apparatuS 50 are provided by bringing both 
of a transmitter and a receiver into contact with the rails 2. 
Moreover, a transmitter 70 for transmitting electric signals is 
connected to the rails 2 through a repeater 71. In the train 1, 
Similarly, an ultraSonic wave transmitting apparatuS 41 and 
an ultrasonic wave receiving apparatuS 51 are provided. 
Moreover, a power receiver (not shown) for receiving elec 
tric Signals is provided at a leading portion of the train by 
being directed to the rails. The transmitter and the receiver 
of the train 1 are provided therein by being directed toward 
the rails 2 in Such a way as to be brought into non-contact 
therewith. 

0188 Next, an operation of the second embodiment will 
be described hereunder. 

0189 Ultrasonic wave and an electric signal are simul 
taneously transmitted to the train 1 through the rails 2 by the 
ultraSonic wave transmitting apparatus 40 and the transmit 
ter 70 in the railroad crossing 3, which are synchronized 
with each other. The ultraSonic wave and the electric Signal 
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are different in propagation Speed from each other. Thus, the 
distance from the railroad crossing 3 to the train 1 and the 
train Speed can be calculated in the train 1 based on the time 
difference between the reception of the ultraSonic wave and 
that of the electric signal. When this distance and the train 
Speed are calculated in the train 1, an electric Signal repre 
Senting a result of the calculation is transmitted from the 
train 1 to the railroad crossing 3 through the power receiver. 
Moreover, an ultrasonic wave is transmitted to the railroad 
crossing 3, Simultaneously with the transmission of the 
result of the calculation. In a facility at the side of the 
railroad crossing 3, the distance from the train 1 to the 
railroad crossing 3 and the train Speed are calculated based 
on the time difference between the receptions of the electric 
Signal and the ultraSonic Waver that are transmitted from the 
train 1. Further, information representing this distance and 
the train Speed, which is transmitted from the train 1, is 
collated with the distance and the train Speed, which are 
calculated in the facility provided at the railroad crossing 3. 
Incidentally, in the train 1, the train Speed may be detected 
by using a vehicle-mounted tachogenerator. 
0.190 Thus, each of the distance between the train 1 and 
the railroad crossing 3 and the train Speed can be collated 
with the calculated distance and train Speed and can be 
monitored at all times by combining an electric Signal with 
an ultraSonic wave. Consequently, the reliability on the 
traversing inhibition timing control can be enhanced. 
0191 AS above described, sounding operation start com 
mand information is generated by utilizing elastic waves. 
Thus, constrains on the speed of the train approaching the 
railroad crossing can be alleviated. Further, the efficiency in 
train operation can be enhanced. Moreover, the accuracy of 
the railroad crossing gate control operation can be improved. 
Furthermore, an alert time for Vehicles and passengers, 
which traverse the railroad crossing, can be prevented from 
becoming longer than required. 
0.192 Next, the cases of applying the present invention to 
an apparatus for detecting a mobile unit running on the 
movement path thereof will be described hereinbelow. 
0193 FIG. 17 is a diagram showing the constitution of a 

first embodiment in the case of applying the present inven 
tion to an apparatus for detecting a mobile unit. 
0194 As shown in FIG. 17, an ultrasonic wave trans 
mitting apparatus 120 for transmitting, for example, ultra 
Sonic waves as elastic waves is provided on one rail 111 of 
rails 111 and 112, which are parallel with each other, in a 
mobile unit detecting Section T. Further, an ultraSonic wave 
receiving apparatus 130 for receiving ultrasonic waves 
propagated through the other rail 112 is provided thereon. 

0195 FIG. 18 shows an example of each of the ultrasonic 
wave transmitting apparatus 120 and the aforementioned 
ultraSonic wave receiving apparatus 130. 
0196. The ultrasonic wave transmitting apparatus 120 
acting as an elastic wave transmitting device is composed of 
a main body 121 thereof, and a transmitting transducer 122, 
which is electric-Signal/OScillation conversion device abut 
ting against the rail 111 for transmitting ultrasonic waves to 
the rail 111 by converting an electric Signal from the main 
body 121 into an oscillation. The aforementioned main body 
121 of the transmitting apparatus consists of: an oscillator 
123 for generating a high-frequency alternating current 
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electric Signal; an amplifier 124 for amplifying the alternat 
ing current electric Signal and for transmitting the amplified 
electric Signal to the transmitting transducer 122; and a 
transmitting gate 125 for controlling the timing with which 
the alternating current electric Signal Sent from the oscillator 
123 to the amplifier 124 in response to the input of a timing 
Signal generated by a timing Signal generating circuit 140. 
For instance, a piezoelectric electroStrictive vibrator or a 
magnetostrictive vibrator can be used as the aforementioned 
transmitting transducer 122. 
0197) The ultrasonic wave receiving apparatus 130 acting 
as an elastic wave receiving device is comprised of a 
receiving transducer 131, which is oscillation/electric-Signal 
conversion device abutting against the rail 112 for receiving 
ultraSonic waves, which are propagated through the rail 112, 
therefrom by converting an oscillation into an electric Sig 
nal; and a main body 132 thereof for receiving an electric 
Signal from the receiving transducer 131. The aforemen 
tioned main body 132 of the transmitting apparatus consists 
of a receiving amplifier 133 for amplifying an electric 
Signal Sent from the receiving transducer 131; a signal 
processing circuit 134 for processing the amplified signal 
Sent from the receiving amplifier 133 and for judging the 
presence of a train Serving as the mobile unit and the 
position of the train; and a receiving gate 135 for controlling 
the timing with which the amplified signal Sent from the 
receiving amplifier 133 is input to the Signal processing 
circuit 134 in synchronization with the transmitting gate 125 
in response to the input of a timing Signal generated by a 
timing signal generating circuit 140. Incidentally, the afore 
mentioned signal processing circuit 134 corresponds to the 
information generating device having the function of the 
detection device for detecting the presence/absence of the 
mobile unit. 

0198 Additionally, a method of measuring the propaga 
tion time of the ultrasonic waves by extracting a signal, 
which is delayed by a predetermined time, from reception 
Signals after transmitting ultraSonic waves by using the 
timing Signal generating circuit is not limited to that illus 
trated in FIG. 18 and is publicly known in general. 
0199 Next, an operation of this embodiment will be 
described hereinafter. 

0200 Alternating current electric signals generated in the 
main body 121 of the ultraSonic wave transmitting apparatus 
120 are converted by the transmitting transducer 122 into 
ultraSonic waves and then, the ultrasonic waves are trans 
mitted to the rail 111. Subsequently, the ultrasonic waves are 
propagated through the rail 111. In the case that no trains are 
present in the Section T. Since the ultraSonic waves propa 
gated through the rail 111 are not transmitted to the rail 112, 
the ultrasonic waves are not received by the ultrasonic wave 
receiving apparatus 130. On the contrary, if a train is present 
in the section T, the rails 111 and 112 are connected to each 
other through the wheels 113 and the axle 114 of the train as 
shown in FIG. 17. Therefore, the ultrasonic waves propa 
gated through the rail 111 are propagated to the rail 112 
through the wheels 113 and the axle 114 and are then 
received by the ultrasonic wave receiving apparatus 130. 
Incidentally, the amplification of the ultraSonic wave signal 
may as well be performed in the train in this ultraSonic wave 
transmitting process. Namely, an ultraSonic wave signal 
received through the one rail 111 of the rails is amplified and 
then, the amplified Signal is transmitted to the other rail 112. 
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0201 Generally, the ultrasonic wave transmitting appa 
ratus 120 and the ultrasonic wave receiving apparatus 130 
compose a pulse radar. Therefore, in the Signal processing 
circuit 134, the rail propagation Speed of an ultraSonic wave 
is nearly constant and is previously Stored in the apparatus. 
Then, the propagation time between a moment, at which an 
ultraSonic wave is transmitted, and a moment, at which the 
ultraSonic wave is received, is measured based on a timing 
Signal generated by the timing Signal generating circuit 140. 
Subsequently, the distance L illustrated in FIG. 17, namely, 
the distance L from the transmitting or receiving point to the 
train can be determined from the measured time and the 
Stored value of the propagation Speed according to the 
aforementioned equation (10). 
0202 By the mobile unit detecting apparatus having such 
a constitution, not only the presence/absence of a train but 
also the position of the train in the train detecting Section T 
can be detected. 

0203 Further, as compared with an ultrasonic air radia 
tion pulse radar adapted to measure Such a distance by 
radiating ultraSonic waves into the air and receiving reflec 
tion waves from a mobile unit, the pulse radar System of this 
embodiment using the rails has many advantages as will be 
described hereinbelow. 

0204 First, the distance is measured accurately because 
of the fact that the propagation of ultraSonic waves is not 
affected by wind. Second, the notification of a result of a 
detection the position of a mobile unit can be achieved at a 
high Speed because of the fact that the propagation Speed of 
ultrasonic waves in the rail is higher than the propagation 
Speed thereof in the air and that the time between a moment, 
at which the transmission of an ultraSonic wave is started, 
and a moment at which a result of detection of the position 
of a mobile unit is obtained, is shortened. Third, in the case 
of the System of the present invention, the distance can be 
measured with the running or travel path length of a mobile 
unit to good precision because of the facts that although the 
distance to a mobile unit is measured as a linear distance 
from an ultraSonic oscillation Source, an ultraSonic wave is 
propagated along the rail and thus the distance can be 
measured in Such a manner as to be equivalent to the length 
of the running locus of the mobile unit. Fourth, a range, in 
which a mobile unit is detected, is limited by the range of 
directional angles in the case of the ultraSonic air radiation 
pulse radar, whereas, in the case of the pulse radar of the 
present invention, there is not Such limitation imposed on the 
range in which a mobile unit is detected. 
0205. In addition, in the case that rupture occurs in the 
rails 111 and 112, no ultraSonic waves are propagated, 
otherwise, the reflection of ultraSonic waves is caused on a 
ruptured Surface. In this manner, a change in the propagation 
condition of ultrasonic waves is caused. Thus, rupture in the 
rails can be detected by detecting Such a change. Inciden 
tally, the detection of rupture in the rails using elastic waves 
will be described later. 

0206 FIG. 19 shows the manner of a reception signal at 
the time when the transmitting transducer and the receiving 
transducer are spaced and brought into abutting engagement 
with the rails and elastic waves are transmitted to the rails. 
Incidentally, elastic waves (or Sounds) are transmitted in the 
rails as longitudinal waves. 
0207 Measurement conditions were as follows: the dis 
tance between the transmitting transducer and the receiving 
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transducer was 3 m; the transmitting frequency of elastic 
waves was 25 kHz; and 20 pulses or so were transmitted. 
The waveform of the reception Signal was obtained as a 
result of amplifying thereof with about 50 dB. 
0208 Time between the start of the transmission and the 
emergence of a reception Signal was about 1.3 ms. Thus, the 
computed Sound Velocity in the rails was approximately 2.3 
km/s. The result of this experiment reveals that the elastic 
waves could be transmitted and received through the rails. 
0209 FIG. 20 illustrates a second embodiment of the 
mobile unit detecting apparatus of the present invention 
which will be described hereunder. Incidentally, like refer 
ence numerals designate same components of the first 
embodiment of the mobile unit detecting apparatus of the 
present invention and thus the description is omitted. 
0210. As shown in FIG. 20, in the case of this embodi 
ment, the elastic wave propagated through the wheels and 
the axle is largely attenuated. Thus, for the purpose of 
alleviating Such attenuation, a metallic plate 152 Serving as 
a sliding contact member, which rides astride and Slides on 
both of the rails 111 and 112, is attached to the front portion 
of the train 151 acting as the mobile unit. 
0211 With such a constitution, the metallic plate 152 
connects between the rails 111 and 112 when the train 151 
enters the train detection Section T. Thus, ultraSonic waves 
transmitted from the transmitting transducer 122 to the rail 
111 are propagated from the rail 111 to the rail 112 through 
the metallic plate 152 and are then received by the receiving 
transducer 131. 

0212 FIG. 21 shows the manner of a reception signal at 
the time when the metallic plate is pressed between the rails 
and the transmitting transducer and the receiving transducer 
are pushed against the running Surfaces of the rails. 
0213 Measurement conditions were as follows: the dis 
tance between the rails was about 1 m. Further, an iron plate 
of Several tens Kg was pressed against the running Surfaces 
of the rails. Moreover, the measurement was performed by 
pushing the transmitting transducer and the receiving trans 
ducer against parts of the running Surfaces of the rails, which 
were at a distance of about 8 m from the iron plate. 
Furthermore, the transmitting and receiving conditions for 
transmitting and receiving elastic waves are Similar to those 
in the case of the experiment illustrated in FIG. 19. Namely, 
the frequency of elastic waves was 25 kHz, and 20 pulses or 
So were transmitted. The waveform of the reception signal 
was obtained as a result of amplifying thereof with about 50 
dB. 

0214. As a consequence, the time delay between the 
initiation of the transmission and the emergence of the 
reception signal is 6.8 ms. ASSuming that the Sound Velocity 
in the rail was 2.3 km/s, the path length obtained from the 
propagation time of the elastic wave is 6.8x2.3=15.7 (inci 
dentally, the actual path length was 8+1+8 =17 m). 
0215 Results of such an experiment exhibits that elastic 
waves are propagated through the rails even if a metallic 
material is pushed against the rails at a predetermined 
preSSure or more and connects between the rails. 
0216 FIG. 23 shows the manner of a reception signal in 
the case that elastic waves are propagated through the rails 
by way of the wheel portions of the current train. 
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0217 Process of the measurement was as follows. 
Namely, a transmitting transducer and a receiving transducer 
were directly pushed against the running Surface of one of 
the wheels and against the running Surface of the other wheel 
of the actually used train, respectively. Thus, an ultrasonic 
wave was propagated from one of the wheels to the other 
wheel through the axle. Transmission condition and the 
receiving condition of ultrasonic waves were Set in Such a 
manner as to be similar to those in the case of the experiment 
illustrated in FIG. 19. 

0218 Structure of the wheel portion of the currently used 
train is very complex. As is seen from FIG. 23, elastic waves 
are largely attenuated in the process of the propagation 
thereof from one of the wheels to the other wheel. Inciden 
tally, the waveform of a Signal () appearing immediately 
after the transmission of an elastic wave corresponds to a 
leakage of a transmission signal, which is resulted from the 
electric connection (namely, the electrostatic coupling) 
between the transmitting transducer and the receiving trans 
ducer. 

0219 AS is understood from the results of the experi 
ments respectively illustrated in FIGS. 21 and 23, the 
Second embodiment of the mobile unit detection apparatus, 
which is illustrated in FIG. 20 and a metallic sliding contact 
member is provided at the front portion of the train and is 
made to slide and touch the rails and ultraSonic waves are 
propagated through this sliding contact member, has better 
propagation characteristic and is more desirable for detect 
ing the presence and position of a train. 
0220 Incidentally, FIG. 54 is a graph illustrating results 
of measurement of the elastic wave propagation character 
istics in the case where the propagation path was established 
in Such a manner as to connect a rail A through a bearing 
outer ring (namely, a wheel) A, a bearing, a shaft, a bearing 
and a bearing outer ring (namely, a wheel) B to a rail B as 
illustrated in this figure. If the shaft is fixed to the mobile 
unit, the Shaft corresponds to a Supporting portion of a 
wheel. This case corresponds to the case that an elastic wave 
propagated from one rail A of the rails through the Support 
ing portion to the other rail B. Elastic wave is attenuated in 
both of a part between the rail and the bearing Outer ring 
(namely, a wheel) and a part between the bearing Outer ring 
(namely, the wheel) and the shaft (namely, a bearing inner 
ring). As shown in FIG. 54, in a propagation path between 
the rail A and the Shaft, the elastic wave is attenuated by 
about 50 dB. Further, in a propagation path between the 
shaft and the rail B, the elastic wave is attenuated by 40 dB 
or SO. Thus, in a propagation path between the rails A and B, 
the elastic wave is attenuated by 90 dB or so. Furthermore, 
in the case that the two wheels are connected with each other 
directly by using the shaft without using the bearings, elastic 
waves are propagated through the path connecting the rail A, 
the wheel A, the shaft, the wheel B and the rail B. Therefore, 
in this case, it is conjectured that the elastic wave is 
attenuated by about 50 dB or so between the rails A and B. 
0221 Referring next to FIG. 24, there is shown a third 
embodiment of the mobile unit detecting apparatus of the 
present invention. Incidentally, in this figure, like reference 
numeral designates like components of the first embodiment 
illustrated in FIG. 17. Thus, the description of Such com 
ponents will be omitted herein. 
0222. As shown in FIG. 24, a plurality of connecting 
members 160a, 160b, 160c and 160d, which are made of a 
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Same material and are used to connect between the rails 111 
and 112, are provided in Such a way as to be away from the 
transmitting transducer 122 of the ultraSonic wave transmit 
ting apparatus 120, which abuts against the rail 111, and the 
receiving transducer 131 of the ultraSonic wave receiving 
apparatus 130, which abuts against the rail 112, by previ 
ously Set distances, respectively. Further, the intervals 
among the connecting members 160a, 160b, 160c and 160d 
are established, for instance, at a same value. Incidentally, 
although this figure illustrates the case that the number of the 
connecting members is 4, needless to Say, the number of the 
connecting members is not limited thereto. 

0223) Next, an operation of the third embodiment of the 
mobile unit detecting apparatus will be described hereunder. 

0224 Ultrasonic waves transmitted from the transmitting 
transducer 122 to the rail 111 are propagated to the receiving 
transducer 131 through each of the connecting members 
160a, 160b, 160c and 160d. The connecting members 160a, 
160b, 160c and 160d are made of the same material, so that 
the propagation Speeds of ultraSonic waves respectively are 
nearly equal to one another. Let Sa, Sb, Sc and Sd denote 
reception signals respectively obtained through the connect 
ing members 160a, 160b, 160c and 160d. Thus, the recep 
tion signals Sa, Sb, Sc and Sd are received in this order by 
the receiving transducer 131 with time delays respectively 
corresponding to the intervals among the connecting mem 
bers. If the train approaches the railroad crossing from the 
right as viewed in this figure, when the train passes through 
a part between the mounting positions of the adjacent 
connecting members, a reception Signal, to which a signal 
component due to the wheel/the axle of the train or to an 
inter-rail ultraSonic wave transmitting medium provided 
therein is added, is received. Distances from the transmit 
ting/receiving apparatuses to the connecting members 160a, 
160b, 160c and 160d and the length (corresponding to the 
distance between the rails) of each of the connecting mem 
bers 160a, 160b, 160c and 160d are already known. Thus, 
the propagation time of each of the reception Signals Sa, Sb, 
Sc and Sd is already known. Therefore, the position of the 
train is determined between the adjoining ones of the 
connecting members 160a, 160b, 160c and 160d. Conse 
quently, the reliability of detection of the position of a train 
can be enhanced. 

0225 FIG. 25 shows a fourth embodiment of the mobile 
unit detecting apparatus. Incidentally, in this figure, like 
reference numeral designates like components of the first 
embodiment. Thus, the description of Such components will 
be omitted herein. 

0226. As shown in FIG. 25, a connecting member 170 
for compensating the detected position of a mobile unit, 
which permits ultraSonic waves to be propagated there 
through, is provided at a preset reference distance LS from 
the transmitting transducer 122 and the receiving transducer 
131 and is used to connect between the rails 111 and 112. 
The ultrasonic wave propagation characteristics of the rails 
111 and 112 vary with a change in ambient conditions, 
especially, in ambient temperature. The aforementioned 
connecting member 170 is used to compensate the measured 
position of a mobile unit when the propagation characteris 
tics of the rails 111 and 112 varies with a change in 
temperature and So forth. 
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0227 Next, an operation of the fourth embodiment of the 
mobile unit detecting apparatus will be described hereinbe 
low. 

0228 Ultrasonic waves transmitted from the transmitting 
transducer 122 to the rail 111 are propagated to the rail 112 
through the connecting member 170 and are then received 
by the receiving transducer 131. At that time, the propaga 
tion time of the ultraSonic wave corresponds to the preset 
distance LS to the connecting member 170. 
0229. Incidentally, it is now assumed that ta designates a 
propagation time in accordance with the Standard time in the 
case of propagating ultrasonic waves through the connecting 
member 170 and th denotes the propagation time of a 
reception Signal obtained by connecting the rails 111 and 112 
at a position, which is indicated by a dashed line, by a train 
approaching the railroad crossing, the position L of the train 
(namely, the distance from the transmitting/receiving point 
to the train) is given by the following equation: 

L=tbyLSita (11) 

0230 Incidentally, it is supposed that the ultrasonic wave 
propagation speed characteristic of the connecting member 
170 is nearly the same as of the train. 
0231 When the propagation time of an ultrasonic wave 
propagated through the connecting member 170 varies by 
tAta with a change in temperature or the like, the distance 
L is given by: 

0232 Thus, the position of the train can be measured 
based on the change in the propagation time of the reception 
Signal through the connecting member 170 by employing the 
position of the connecting member 170 as a reference. 

0233 With such a constitution, this embodiment has an 
advantage in that the position of the train can be detected 
accurately without being affected by the change in the 
ultraSonic wave propagation Speed characteristic of the rails 
111 and 112. 

0234) Further, for instance, in the railroad crossing gate 
control System, it is Sometimes demanded to know that a 
train approaches a predetermined distance from a railroad 
crossing. In the case of wishing to know that a train passes 
through a train position to be detected, namely, a place 
which is at a predetermined distance from the transmitting/ 
receiving point in this manner, the connecting member 170 
of FIG. 25 is mounted on the rails at a place which is at a 
predetermined distance therefrom. 

0235. With such a constitution, as shown in FIG. 26, the 
propagation time of a reception signal (indicated by dashed 
lines in FIG. 25) from the train, which approaches the 
connecting member 170 from afar, is reduced as the train 
comes closer there. When the train passes through the point, 
at which the connecting member 170 is placed, the propa 
gation time of Such a reception signal is matched with that 
of a reception signal passed through the connecting member 
170 (indicated by solid lines in FIG. 26). Thus, whether or 
not the train reaches the point, which is at the aforesaid 
predetermined distance, can be detected only by detecting 
whether or not the reception signal propagated through the 
connecting member 170 is matched with the reception Signal 
propagated through the train. Therefore, there is no necessity 
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for computing the distance by using the propagation time. 
Consequently, the detection of the position of a train can be 
achieved extremely easily. 
0236 Incidentally, in this case, a circuit for notifying the 
position of a train may as well be configured So that, for 
instance, the reception Signal propagated through the con 
necting member and the reception signal propagated through 
the train are input to an AND gate, that when an output of 
the AND gate becomes logical value “1”, this circuit gen 
erates a notification signal indicating that the train reaches 
the place which is at the predetermined distance. 
0237 Meanwhile, if the rails are connected by using a 
non-metallic material in place of a metallic material Such as 
an iron plate, the ultraSonic wave propagation time can be 
extended. Thus, the reception of an ultraSonic Signal can be 
delayed Substantially. Therefore, the connecting member can 
be utilized as a delay element by forming the connecting 
member by the use of a non-metallic material. 
0238 When wishing to know that the train reaches a 
place which is at the predetermined distance, the connecting 
member can be placed at a place which is closer to a 
receiving point than the place which is at the predetermined 
distance, if a material whose ultraSonic wave propagation 
Speed is lower than those of the materials of the train and the 
rail, for example, a non-metallic material is used as the 
material of the connecting member. 
0239 For instance, the connecting member is placed in 
Such a manner as to be close to the transmitting transducer 
and the receiving transducer. Further, the propagation speed 
characteristic of the connecting member is Selected So that 
the propagation time of an ultraSonic wave propagated 
through the connecting member is equal to the propagation 
time of an ultraSonic wave propagated through the train. 
0240. With Such a configuration, whether or not the train 
reaches a predetermined, can be detected only by Sensing 
whether or not the reception signal propagated through the 
connecting member is matched with the reception Signal 
propagated through the train, Similarly as in the aforemen 
tioned case. In addition, the connecting member can be 
positioned at a place, which is closer to the transmitting/ 
receiving point than the point where a train is actually 
detected, by utilizing the connecting member as a delay 
element. Thus, this embodiment has advantages in that an 
installation operation of the apparatus and a maintenance 
operation thereof after the installation are facilitated. 
0241 Meanwhile, in the case that elastic waves are 
propagated to the rail in the apparatus having the constitu 
tion of FIG. 17, a reflection wave reflected at an end of the 
rail is received. This reflection wave is difficult to attenuate, 
because reverberations are present as a result of the reflec 
tions of this wave occurring at both ends of the rail. To 
reduce the influence of this reflection wave, it is Suffice to 
constitute the apparatus as illustrated in FIG. 27 or 28. 
Incidentally, in these figures, like reference numerals denote 
like components illustrated in FIG. 17. Thus, the description 
of Such components is omitted herein. 
0242. In FIG. 27, a plurality of sets, for instance, 2 sets 
of ultraSonic wave transmitting apparatuses and ultrasonic 
wave receiving apparatuses are provided therein. Further, 
the ultraSonic wave transmitting frequencies of the respec 
tive Sets are Set in Such a way as to be different from one 
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another. Moreover, ultraSonic waves having a frequency fa 
are transmitted from a transmitting transducer 122A of one 
of the transmitting apparatuses, while ultraSonic waves 
having a frequency fb are transmitted from a transmitting 
transducer 122B of the other transmitting apparatus. 
0243 With Such a constitution, the apparatus may as well 
be adapted So that transmission pulses are transmitted in 
Sequence at different moments from the transmitting trans 
ducers 122A and 122B and the position of a train is 
measured by using first reception Signals corresponding to 
the transmission pulses transmitted from the transducers, 
respectively. 
0244. In FIG. 28, a single transmitting transducer 122 
and a Single receiving transducer 131 are used in common by 
the transmitting and receiving apparatuses. In the transmit 
ting apparatus, two main bodies 121A and 121B thereof, 
which are operative to generate electric Signals having 
different transmitting frequencies fa and fib, respectively, are 
provided. On the other hand, in the receiving apparatus, two 
filters 136A and 136B, which are operative to discriminate 
the frequencies fa and fib, respectively, and two main bodies 
thereof 132A and 132B, to which signals output from the 
filters 136A and 136B are input, respectively. 
0245 Transmitting and receiving operations are the same 
as that of the embodiment shown in FIG. 27, and thus the 
description of the transmitting and receiving operations of 
the embodiment of FIG. 28 is omitted herein. 

0246) With the constitutions of FIGS. 27 and 28, the 
number of received reflection waves can be increased, in 
comparison with the case of utilizing a single frequency. 
Consequently, the train detection accuracy can be enhanced. 
0247 Incidentally, the apparatus may be adapted so that 
the detection of a train is performed by providing the 
transmitting transducer at an end portion of one of a pair of 
the rails in a train detecting Section, and providing the 
receiving transducer at the other end portion thereof. In Such 
a constitution, when no train is present in the Section, 
ultraSonic waves transmitted from the transmitting trans 
ducer to the rail are received by the receiving transducer 
almost without being attenuated. On the other hand, when a 
train is present, Similarly, ultraSonic waves are received by 
the receiving transducer, but the transmission loSS of ultra 
Sonic waves is increased due to the train wheel on a pair of 
rails, So that the Signal level of a reception signal is lowered. 
Therefore, the presence/absence of a train can be judged by 
performing a level check by comparing the received signal 
level of the reception Signal with a previously set threshold 
value. However, in Such a constitution, the position of a train 
cannot be specified. 

0248. Further, in the case of the detection of a train by 
using elastic waves, there is no necessity for forming a 
closed loop configuration like a track circuit, the detection of 
a train can be achieved by using only one rail. Consequently, 
the detection of a train in a point can be realized, as shown 
in FIG. 29. 

0249. In FIG. 29, it is assumed that the rails 111 and 112 
are branched into a pair of rails 111A and 112A and a pair 
of rails 111B and 112B, respectively. Further, an ultrasonic 
wave transmitting apparatus 180 and an ultraSonic wave 
receiving apparatus 181 are provided on the rail 111A. 
Furthermore, an ultrasonic wave transmitting apparatus 182 
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and an ultrasonic wave receiving apparatus 183 are provided 
on the rail 112B. On the other hand, ultrasonic wave 
transmitting apparatuses 184 and 186 and ultrasonic wave 
receiving apparatuses 185 and 187 are provided in the train 
151. Moreover, the transmitting frequencies of the ultrasonic 
wave transmitting apparatuses 180, 184, 182 and 186 are 
made to be different from one another, and are f11, f12, f13 
and flá, respectively. 

0250). With such a constitution, ultrasonic waves are 
transmitted at frequencies f11 and f13 from the ultrasonic 
wave transmitting apparatuses 180 and 182 to the train 151 
through the rails 111A and 112B, respectively. When the 
train receives the aforementioned ultraSonic wave signals at 
frequencies f11 and f13, ultraSonic wave signals are trans 
mitted from the ultraSonic wave transmitting apparatuses 
184 and 186 at frequencies f12 and f14 through the rails 
111A and 112B without delay, respectively. 

0251 With such a constitution, even at the point portions 
at each of which the rails are branched, the train 151 can be 
detected at each of a set of branch rails 111A and 112A and 
a set of branch rails 111B and 112B. 

0252) As above described, a mobile unit can be detected 
by using elastic waves. Further, the position of a mobile unit 
can be detected by measuring the propagation time of a 
reception signal. Moreover, as compared with the System for 
detecting a mobile unit by utilizing the reflection of an 
elastic wave radiated in the air, the propagation of an elastic 
wave is not affected by wind and thus the accuracy of 
detecting the position of a mobile unit is high. Furthermore, 
the propagation Speed of an elastic wave is high, So that the 
notification of a result of detection of the position of a 
mobile unit can be performed at a high Speed. Additionally, 
because an elastic wave is propagated along the rails in this 
embodiment, high-precision distance measurement along a 
running locus can be achieved. Besides, this embodiment 
has many merits, for example, in that, even in a point portion 
at which a rail is branched, a train can be detected at an 
individual branch rail. 

0253) Referring next to FIG. 30, there is illustrated an 
embodiment, which employs both of a train detecting Sys 
tem using ultrasonic waves and a conventional train detect 
ing System using a track circuit and which will be described 
hereinbelow. 

0254. As shown in FIG. 30, for instance, the ultrasonic 
wave transmitting apparatus 120 is provided on the rail 112, 
while the ultraSonic wave receiving apparatus 130 is pro 
vided on the rail 111. Further, a transmitter 70 is connected 
through a repeater 71 to the rails 111 and 112 in a terminating 
end portion, from which the train leaves, of a block Section, 
Similarly as in the case of the conventional track circuit. 
Incidentally, a track relay is connected to the rails 111 and 
112 in a beginning end portion (not shown),where the train 
enters, of the block Section. 

0255 Next, an operation of this embodiment will be 
described hereinbelow. 

0256 When the train 151 is not present in the block 
Section, an electric Signal is transmitted from the transmitter 
70 to the beginning end portion of the block section, so that 
the track relay is raised and a signal indicating the absence 
of a train is generated. Further, ultraSonic waves transmitted 
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from the ultraSonic wave transmitting apparatus 120 are not 
received by the ultrasonic wave receiving apparatuS 130, as 
above described. 

0257). In contrast, when the train 151 enters the block 
section, the rails 111 and 112 are short-circuited by the 
wheels. As a result, the track relay falls, So that the train is 
detected. Moreover, ultrasonic waves transmitted from the 
ultrasonic wave transmitting apparatus 180 to the rail 112 
are propagated to the rail 111 through the wheels and the 
axle of the train 151 and are received by the ultrasonic wave 
receiving apparatus 130. Consequently, the presence of the 
train is known. 

0258. In the case of the train detecting system of detect 
ing a train according to the presence/absence of an electric 
Signal based on the short-circuit of a track Similarly in the 
case of the conventional track circuit, it is difficult to 
configure a duplex train detecting System. However, a 
duplex train detecting System can be easily constituted by 
using ultraSonic waves and employing both of the conven 
tional track detecting System and the train detecting System 
using ultrasonic waves, according to this embodiment. Fur 
ther, as a result of using ultraSonic waves, both of the 
position and speed of the train 151 can be detected as above 
described. Thus, the reliability of the train detecting system 
can be enhanced. In addition, the efficiency of the train 
operation can be increased. 
0259 Moreover, as illustrated in FIG. 31, an ultrasonic 
wave transmitting apparatus 190 is provided on the rail 112, 
while an ultrasonic wave receiving apparatus 191 is pro 
vided in the train 151. Furthermore, the transmitter 70 for 
transmitting electric Signals is connected to the rails 111 and 
112. Additionally, the aforementioned ultraSonic wave trans 
mitting apparatus 190 and the transmitter 70 are synchro 
nized with each other and transmit an ultraSonic wave and an 
electric Signal, respectively. Incidentally, the ultrasonic 
wave transmitting apparatuS 190 and the ultrasonic wave 
receiving apparatuS 191 of this embodiment may be asyn 
chronous with each other. Thus, the transmitting gate 125 
and the receiving gate 135 of FIG. 18 are unnecessary. 

0260. In such a constitution, an ultrasonic wave and an 
electric Signal are simultaneously transmitted from the ultra 
Sonic wave transmitting apparatus 190 and the transmitter 70 
to the train 151 through the rails, respectively. The ultrasonic 
wave is different in propagation Speed from the electric 
signal. Thus, in the train 151, the distance from the ultra 
Sonic wave transmitting apparatus 190 to the train 151 and 
the speed of the train 151 can be calculated based on the time 
difference between a moment, at which the ultraSonic wave 
is received, and a moment at which the electric Signal is 
received. 

0261) Therefore, a direction center for managing train 
operations provided in the ground facility, can keep track of 
the position of each train by transmitting information on the 
calculated position and information on the calculated Speed 
of the train thereto. Thereby, a train can obtain information 
on the position and Speed of a precedent train continuously 
by transmitting an ultraSonic wave or an electric Signal, on 
which precedent train information is Superimposed, to the 
train. Thus, if a train can keep track of its own position and 
the position of a precedent train continuously, a movement 
block system can be realized. Moreover, efficient train 
operation control can be achieved. 
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0262 Incidentally, in the constitution of FIG. 31, accu 
rate notices concerning the approach of a train and other 
kinds of information (concerning the degree of congestion, 
an upset of the train schedule, an accident and a trouble) can 
be provided to passengers at each Station by transmitting 
information on the position and Speed of a train, which has 
been transmitted to the direction center, from the direction 
center to each Station. 

0263) Next, the case, in which the present invention is 
applied to the detection of rupture in the movement path of 
a mobile unit, will be described hereunder. 
0264 FIG. 32 illustrates the principle of detection in a 

first embodiment of a rupture detecting apparatus of the 
present invention, which is an example of utilizing the 
attenuation of an elastic wave in a rupture detecting opera 
tion, in the case that both of an elastic wave transmitting 
apparatus and an elastic wave receiving apparatus are placed 
on the running path. 
0265). As shown in FIG. 32, a rail 211 is insulated from 
a mechanism by, for example, being Spaced a predetermined 
distance. Section between Such insulated portions is 
assumed to be a rupture checking Section A. An ultraSonic 
wave transmitting apparatuS 220 Serving as an elastic wave 
transmitting device is placed at an end portion of the rail 211, 
namely, at the beginning end Side (where a train enters) of 
the rupture checking Section A, that is, at the right-hand Side 
as viewed in this figure. An ultraSonic wave receiving 
apparatuS 230 Serving as an elastic wave receiving device is 
placed at a terminating end portion (from which a train 
leaves), namely, at the left-hand Side as viewed in this figure. 
0266 FIG. 33 shows the constitution of each of the 
aforementioned ultraSonic wave transmitting apparatuS 220 
and the aforesaid ultraSonic wave receiving apparatus 230. 
0267 As shown in FIG. 33, the ultrasonic wave trans 
mitting apparatus 220 is constituted by comprising an ultra 
Sonic wave signal generating circuit 221 and a transmitter 
222. The transmitter 222 abuts against the rail 211 and 
radiates ultraSonic waves thereto as elastic waves. The 
ultraSonic wave receiving apparatuS 230 is constituted by 
comprising: a receiver 231 and an amplifier 232 which Serve 
as a receiving portion; and a signal processing circuit 233 
acting as a judgment portion. The receiver 231 abuts against 
the rail 211 and receives ultraSonic wave signals propagated 
through the rail 211. The Signal processing circuit 233 
receives a signal from the amplifier 232 and compares the 
Signal level of the received Signal with a preset threshold 
value to thereby judge whether or not rupture occurs in the 
rail 211. Therefore, the foregoing Signal processing circuit 
233 corresponds to an information generating device that 
has the function of judgement device. 
0268 Next, an operation of this embodiment will be 
described hereunder. 

0269. Ultrasonic wave signals radiated from the trans 
mitter 222 to the rail 211 are propagated to the terminating 
end of the checking Section A through the rail 211 and are 
then received by the receiver 231. Subsequently, the 
received ultraSonic wave signals are amplified by the ampli 
fier 232 and are then input to the Signal processing circuit 
233. It is now assumed that the signal level of a reception 
signal to be compared with the threshold value E0 by the 
Signal processing circuit 233 is represented in terms of a 
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detection output level. In the case where no rupture occurs 
in the rail 211, the level E1 of the reception signal becomes 
higher than the threshold value E0, as shown in FIG. 34. In 
contrast, in the case that a rupture 212 has occurred in the 
rail 211 as shown in FIG. 32, even if the Surfaces of a 
rupture are in contact with each other, the preSSure applied 
to Such Surfaces is low and the area of each of intimate 
contact parts of Such Surfaces is Small. Gap is almost formed 
between the remaining parts of Such Surfaces of the rupture. 
Therefore, ultraSonic waves are propagated only through the 
intimate contact parts and are attenuated. Consequently, the 
level E2 of the reception signal input to the Signal processing 
circuit 233 becomes lower than the threshold value E0. If the 
level of the reception signal is checked in the Signal pro 
cessing circuit 233, an output signal, which indicates that 
there is no rupture when the rupture 212 is not present, is 
generated from the Signal processing circuit 233. If there is 
the rupture 12 in the rail, Such an output Signal is not 
generated. The degree of attenuation of the ultraSonic wave 
becomes higher as the area of the rupture becomes larger. 
0270. With Such a constitution, even in the case where 
there is an incomplete rupture, the Surfaces of which are 
partly in contact with each other, in the rail 211, the rupture 
212 can be reliably detected. 
0271 Referring next to FIG.35, there is shown a second 
embodiment of the rupture detecting apparatus of the present 
invention. 

0272. This embodiment is an example of utilization of the 
reflection of an elastic wave on the Surface of a rupture in the 
detection of the rupture. In this figure, like reference numer 
als denote like components illustrated in FIG. 32. Thus, the 
description of Such components is omitted herein. 
0273. As shown in FIG. 35, the ultrasonic wave trans 
mitting apparatuS 220 and an ultraSonic wave receiving 
apparatuS 230' are placed, for example, at the terminating 
end portion (incidentally, may be placed at the beginning 
end portion) of the checking Section A. Further, there is 
provided a timing Signal generating circuit 240 that is 
operative to generate a timing Signal for Synchronizing the 
transmitting apparatus 220 with the receiving apparatus 
230'. In this figure, B1 and B2 designates rail joints provided 
at the beginning end Side and the terminating end Side of the 
checking Section A, respectively. 
0274 The ultrasonic wave transmitting apparatus 220 has 
a configuration as illustrated in FIG. 32. Further, as illus 
trated in FIG. 36, a timing Signal output from the timing 
Signal generating circuit 240 is input to the ultraSonic wave 
Signal generating circuit 221 which generates ultrasonic 
waves in Synchronization with the input of the timing Signal. 
On the other hand, the ultraSonic wave receiving apparatus 
230' has a receiving gate circuit 234 for controlling an input 
of an amplification Signal from the amplifier 232 to the 
Signal processing circuit 233 in addition to the constitution 
illustrated in FIG. 32. The receiving gate circuit 234 is 
enabled in Synchronization with the timing Signal, and 
prevents an influence of noises at the time other than the 
time of transmitting ultraSonic waves. 
0275 Next, an operation of this embodiment will be 
described hereinbelow. 

0276 Ultrasonic wave signals radiated from the trans 
mitter 222 to the rail 211 are propagated through the rail 211 
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and are input directly to the receiver 231. Further, reflection 
waves are caused at the joints B1 and B2 of the rail 211 in 
an end part of the checking portion A. Therefore, when no 
rupture exists in the rail 211, the reception signal input to the 
receiver 231 is the combination of a reception Signal a to be 
directly input thereto, a reception signal b caused due to the 
reflection at the terminating end Side joint B2 and a reception 
Signal c caused due to the reflection at the beginning end Side 
joint B1. In contrast, when the rupture 212 exists in the rail 
211, the reception signal input to the receiver 231 is the 
combination of the aforementioned reception signals a, b 
and c and a reception Signal d caused due to the reflection at 
the surface of the rupture 212 as illustrated in FIG. 37. 

0277 Time between the generation of an ultrasonic wave 
and the reception of the Signals a, b and c can be previously 
known by presetting each of the distance from the ultrasonic 
wave transmitting apparatus 220 to the ultraSonic wave 
receiving apparatus 230', the distance therefrom to the rail 
joint B1 and the distance therefrom to the rail joint B2. If 
time data representing this known time is previously Stored, 
when the reception signal is received by the ultrasonic wave 
receiving apparatuS 230', the propagation time of this recep 
tion signal is measured and then the measured propagation 
time is compared with the Stored data. Thereby, the reception 
Signald due to the rupture 212 can be discriminated from the 
other reception signals a, b and c. Thus, it can be known 
whether or not a rupture exists in the rail. Further, this 
embodiment has an advantage in that the position of the 
rupture 212 can be known according to the aforementioned 
equation (10) by measuring the time T between the genera 
tion of the ultraSonic wave and the reception of the Signal d 
due to the rupture 212. Moreover, even when the distance 
between the transmitting apparatus 220 and the receiving 
apparatus 230' is unknown, the position of the rupture 212 
can be known by measuring the time interval T between the 
reception signal a, which is received directly by the receiv 
ing apparatus 230', and the reception signal d caused due to 
the rupture 212. 

0278. Further, in the case of this embodiment, the ampli 
fication function of the Signal processing circuit 233 of the 
receiving apparatuS 230 can be checked by using the 
reception signal c that is caused by the reflection at the rail 
joint B1 which is farther from the transmitting apparatus 220 
than the rail joint B2. Namely, the reception signal c is 
received in a low level. Moreover, the reception time thereof 
can be previously known. Furthermore, in the case where 
this reception Signal c is detected, the amplification function 
of the circuit 233 is judged as being normal and that if the 
reception signal c is not detected, the amplification function 
of the circuit 233 is judged as being degraded. Therefore, the 
Signal processing circuit 233 can act as a checking device for 
checking the receiving function. 

0279 Referring next to FIG. 38, there is shown a third 
embodiment of the rupture detecting apparatus of the present 
invention. 

0280 This embodiment is an example in which one of the 
ultraSonic wave transmitting apparatus and the ultrasonic 
wave receiving apparatus is provided on the running path on 
the ground, while the other of these transmitting and receiv 
ing apparatuses is mounted in the mobile unit, and the 
attenuation of an elastic wave is utilized. Incidentally, in this 
figure, like reference characters designates like composing 
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elements illustrated in FIG. 32. Thus, the description of Such 
composing elements is omitted herein. 
0281. As shown in FIG. 38, at the terminating end 
portion of the checking Section A, for example, the ultra 
Sonic wave transmitting apparatus 220 is provided. In the 
train 213 acting as a mobile unit, the ultraSonic wave 
receiving apparatus 230 is mounted. The receiver 231 of the 
ultraSonic receiving apparatuS 230 is provided on the wheel 
axle (not shown) of the train 213 in such a way as to be in 
contact with the axle, and receives ultraSonic wave signals 
from the rail 211 through the axle and the wheel. Alterna 
tively, the apparatus may be adapted So that, as indicated by 
dashed lines in this figure, an elastic wave transmitting Slider 
214 being operative to slide on and to be in contact with the 
rail 211 is provided at a leading end portion of the train 213, 
and the Signals are received by the receiver 231 through this 
Slider 214. Each of the ultraSonic wave transmitting appa 
ratus 220 and the ultraSonic receiving apparatuS 230 has a 
configuration Similar to that of the corresponding unit of 
FIG. 33, and thus the description of these units is omitted 
herein. 

0282 Next, an operation of this embodiment will be 
described hereinafter. 

0283 Ultrasonic wave signals radiated from the ultra 
Sonic wave transmitting apparatus 220 are propagated 
through the rail 211 from the terminating end to the begin 
ning end of the checking Section A. On the other hand, the 
train 213 enters the checking Section A from the beginning 
end and then receives the ultrasonic wave Signal, which are 
propagated through the rail 211, at the receiving apparatus 
230 through the wheel and axle. Incidentally, in the case that 
the train 213 is provided with the foregoing dedicated slider 
214, the ultrasonic wave signal is received by the receiving 
apparatus 230 through the slider 214. The level of the 
reception signal is checked by the Signal processing circuit 
233, similarly as in the embodiment illustrated in FIG. 32. 
Thus, in the case that the rupture 212 does not exists in the 
rail 211, the level of the reception signal received by the 
receiving apparatuS 230 is higher than the threshold value. 
In contrast, in the case that the rupture 212 exists in the rail 
211, the reception Signal is attenuated by the rupture 212. 
Thus, the level of the reception signal received by the 
receiving apparatus 230 is lower than the threshold value. 
Consequently, the rupture 212 can be detected. 
0284. Referring next to FIG. 39, there is illustrated a 
fourth embodiment of the rupture detecting apparatus of the 
present invention. 
0285) This embodiment is an example in which one of the 
ultraSonic transmitting apparatus and the ultraSonic wave 
receiving apparatus is disposed on the running path on the 
ground and the other apparatus is mounted in the mobile 
unit, and which the reflection of an elastic wave is utilized. 
Incidentally, in this figure, like reference numerals indicate 
like composing elements illustrated in FIG. 38. Thus, the 
description of Such composing elements is omitted herein. 
0286 As shown in FIG. 39, at the beginning end portion 
of the checking Section A, for example, an ultraSonic wave 
transmitting apparatus 250 is provided. In the train 213 
acting as a mobile unit, an ultrasonic wave receiving appa 
ratus 260 is mounted. 

0287 FIG. 40 illustrates the constitution of each of the 
ultraSonic wave transmitting apparatus 250 and the ultra 
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Sonic wave receiving apparatus 260 of this embodiment. 
Incidentally, for instance, techniques previously proposed 
by the Applicant of the present application in the Japanese 
Patent Application No. 8-1682 can be applied to the ultra 
Sonic wave transmitting apparatus and the ultraSonic wave 
receiving apparatus, which are used for performing trans 
mission/reception operations between the train (namely, the 
mobile unit) and the ground facility. 
0288 The ultrasonic wave transmitting apparatus 250 is 
provided with a timing Signal generating circuit 253 for 
controlling the ultraSonic wave generating timing of an 
ultraSonic wave signal generating circuit 251; a calibration 
Signal receiving circuit 254 being operative to receive a 
calibration Signal for periodically calibrating the Synchroni 
Zation between the timing Signal generating circuit 253 and 
a timing signal generating circuit 265 (to be described later) 
of the receiving apparatus 260; and an antenna 255 for 
receiving, for example, a calibration signal from a calibra 
tion signal generating Source (not shown) on the ground and 
for inputting the received calibration Signal to a calibration 
Signal receiving circuit 254, in addition to the ultrasonic 
wave signal generating circuit 251 and a transmitter 252. 
0289. The ultrasonic wave receiving apparatus 260 is 
provided with a timing Signal generating circuit 265 for 
controlling a timing of enabling a receiving gate circuit 263 
and for Synchronizing the timing with the generation of the 
ultraSonic signal; a calibration Signal receiving circuit 266 
being operative to receive a calibration signal for periodi 
cally calibrating the Synchronization of the timing Signal 
generating circuit 265; and an antenna 267 for receiving a 
calibration signal from the aforesaid calibration signal gen 
erating Source at the mobile unit and for inputting the 
received calibration Signal to the calibration signal receiving 
circuit 266, in addition to a receiver 261, an amplifier 262, 
the receiving gate circuit 263 and a Signal processing circuit 
264. The receiver 261 is provided on a wheel axle (not 
shown) of the train 213 in Such a manner as to be in contact 
there with and is operative to receive ultraSonic wave signals 
from the rail 211 through the axle and the wheel. Further, 
ultraSonic wave signals may be received by the train through 
the Slider 214 as illustrated in FIG. 38. 

0290 Next, an operation of this embodiment will be 
described hereunder. 

0291 Ultrasonic wave signals radiated from the ultra 
Sonic wave transmitting apparatus 250 are propagated 
through the rail 211 from the beginning end to the termi 
nating end of the checking Section A. On the other hand, the 
train 213 enters the checking Section A from the beginning 
end and then receives the ultrasonic wave signal propagated 
through the rail 211, at the receiving apparatus 260 through 
the wheel and axle. The distance between both ends of the 
checking Section A is already known. Thus, a reception 
Signal caused by the reflection at the rail joint provided at the 
terminating end Side and a reception Signal caused by the 
reflection at the rupture 212 can be discriminated according 
to the propagation time of each of Such signals from one 
another by measuring the distance to the train which has 
entered the checking Section A from the beginning end 
thereof. Therefore, the existence of the rupture 212 in the rail 
211 can be detected. 

0292 Incidentally, needless to say, in the case of the third 
and fourth embodiments of the rupture detecting apparatus 
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of the present invention, the ultrasonic wave transmitting 
apparatus 250 and the ultrasonic wave receiving apparatus 
260 may be replaced with each other. 
0293 Next FIG. 41 shows a fifth embodiment of the 
rupture detecting apparatus of the present invention. 

0294. This embodiment is an example in which both of 
the ultrasonic wave transmitting apparatus and the ultrasonic 
wave receiving apparatus are mounted in the mobile unit and 
the attenuation of an elastic wave is utilized. Incidentally, in 
this figure, like reference numerals designate like composing 
elements illustrated in FIG. 32. Thus, the description of Such 
composing elements is omitted herein. 
0295). As shown in FIG. 41, the ultrasonic wave trans 
mitting apparatus 220 and the ultrasonic wave receiving 
apparatuS 230, each of which has a configuration Similar to 
that of FIG. 32, are mounted at a front portion and a rear 
portion of the train 213, respectively. The transmitter 221 
and the receiver 231 are placed in Such a manner as to abut 
against the wheel axle (not shown), and transmits and 
receives ultraSonic waves, respectively, through the axle and 
the wheel. 

0296. With such a constitution, ultrasonic waves radiated 
from the ultraSonic transmitting apparatuS 220 are transmit 
ted to the rail 211 through the axle and the wheel, and then 
propagated through the rail 211 and are Subsequently 
received by the ultraSonic wave receiving apparatus 230 
through the wheel and the axle. If a rupture 212 exists in the 
propagation path of an ultraSonic wave signal, the received 
level of a reception signal is lowered by the attenuation 
caused at the rupture 212. Consequently, the existence of the 
rupture 212 can be detected. 

0297 Next, FIG. 42 shows a sixth embodiment of the 
rupture detecting apparatus of the present invention. 

0298 This embodiment is another example in which both 
of the ultraSonic wave transmitting apparatus and the ultra 
Sonic wave receiving apparatus are mounted in the mobile 
unit and the attenuation of an elastic wave is utilized. 
Incidentally, in this figure, like reference numerals designate 
like composing elements illustrated in FIG. 32. Thus, the 
description of Such composing elements is omitted herein. 

0299. As shown in FIG. 42, the ultrasonic wave trans 
mitting apparatus 220 and the ultrasonic wave receiving 
apparatuS 230 are mounted on an end portion, for instance, 
the front portion of the train 213. The transmitter 221 and the 
receiver 231 are placed in Such a manner as to abut against 
the axle (not shown), and transmits and receives ultrasonic 
waves, respectively, through the axle and the wheel. 

0300. With Such a constitution, ultrasonic wave signals 
radiated from the ultraSonic wave transmitting apparatus 220 
are transmitted to the rail 211 through the axle and the wheel, 
and are propagated through the rail 211 and are then 
reflected at the rail joint and are Subsequently received by 
the ultraSonic wave receiving apparatus 230. The distance 
acroSS the checking Section A is already known. Thus, a 
reception signal caused by the reflection at each of the rail 
joints respectively provided at the beginning end Side and 
the terminating end Side and a reception Signal caused by the 
reflection at the rupture 212 can be discriminated according 
to the propagation time of each of Such Signals from one 
another by measuring the distance from each of the begin 
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ning end and the terminating end of the Section Ato the train. 
Therefore, the existence of the rupture 212 in the rail 211 can 
be detected. 

0301 In the case of the fifth and sixth embodiments of the 
rupture detecting apparatus, the ultraSonic wave transmitting 
apparatus and the ultraSonic wave receiving apparatus are 
mounted only in a train running on the rail 211. There is no 
necessity for placing the ultrasonic wave transmitting appa 
ratus and the ultrasonic wave receiving apparatus in the 
ground facility. Thus, there is no need for placing the 
transmitting apparatus and the receiving apparatus in each 
checking Section. Consequently, these embodiments have an 
advantage in that the cost of equipment can be reduced 
considerably. 

0302 FIG. 43 illustrates a seventh embodiment of the 
rupture detecting apparatus of the present invention. 

0303 As shown in FIG. 43, in the checking section A, a 
connecting member 270, through which ultrasonic waves 
can be propagated, connects between the rails 211 and 211" 
which are parallel with each other. AS long as the connecting 
member 270 permits elastic waves to be propagated there 
through, any connecting member may be employed. 

0304 Further, in an end portion of the checking section 
A, an ultraSonic wave transmitting apparatus 280 is provided 
on one rail 211 of the rails, while an ultrasonic wave 
receiving apparatus 290 is provided on the other rail 211". 
The ultrasonic wave transmitting apparatus 280 and the 
ultraSonic wave receiving apparatus 290 are Synchronized 
by a timing Signal from the timing Signal generating circuit 
(not shown), with each other. 
0305 Next, an operation of this embodiment will be 
described hereinbelow. 

0306 Ultrasonic waves radiated from the ultrasonic wave 
transmitting apparatuS 280 are propagated through the rail 
211, the connecting member 270 and the rail 211" and are 
then received by the ultraSonic wave receiving apparatus 
290. Incidentally, if a rupture exists farther than the con 
necting member 270 when viewed from, for example, the 
transmitting apparatus 280 and the receiving apparatuS 290, 
a reflection wave reflected on the Surface of the rupture is 
received by the receiving apparatus 290. Thus, the rupture 
can be detected by the presence of the reception Signal 
corresponding to the received reflection wave. 

0307 FIG. 44 is a time chart illustrating the transmis 
Sion/reception of ultraSonic waves in this case. 
0308. In FIG. 44, P designates a reception signal having 
been propagated through the rail 211, the connecting mem 
ber 270 and the rail 211"; P' a reception signal propagated 
through the connecting member 270 after reflected on the 
Surface of the rupture; to time required to receive the 
reception signal P; and t1 a time delay between the reception 
of the reception Signal P and that of the reception Signal P'. 

0309 Let LA, L., L., Cm and CX designate the distance 
of the Section SA in the distance between the connecting 
member 270 and each of the transmitting apparatus 280 and 
the receiving apparatuS 290, the distance between the con 
necting member 270 and a rupture 300, the length of the 
connecting member 270, the propagation Speed of ultrasonic 
waves in the rails 211 and 211" and the propagation Speed of 
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ultraSonic waves in the connecting member 270, respec 
tively. The aforementioned times to and t1 are given by the 
following equations: 

0310 where LA, L., Cm and Cx are constant. Thus, the 
time t0 is nearly constant, and the reception Signal P can be 
discriminated. Consequently, the distance LB can be calcu 
lated by measuring the time t1, So that the existing position 
of the rupture 300 can be detected. 
0311. With such a constitution, the presence of the recep 
tion Signal P indicates that the transmitting apparatus 280 
and the receiving apparatuS 290 are normal, the mounting of 
the connecting member 270 on the rails 211 and 211" is 
normal and thus, the apparatus has the ability of detecting 
the existence of the rupture 300 if the rupture 300 occurs at 
a place which is farther than the connecting member 270. 
0312 Incidentally, in the case that rupture occurs in the 
section SA between the connecting member 270 and each of 
the transmitting apparatus 280 and the receiving apparatus 
290, the reception signal P is not received or the reception 
level of the signal P is lowered. Thus, wherever rupture 
occurs in the rails 211 and 211", the rupture can be detected 
by checking the level of the reception Signal by the use of the 
threshold value. Namely, the detection of rupture can be 
achieved by, for example, inputting a rupture detection 
Signal, which is obtained by the detection of a reflection 
wave P', and a rupture detection signal, which is obtained by 
the detection of the level of a reception signal, to the OR 
circuit and by employing a logical OR output Signal of the 
OR circuit as a detection signal indicating the detection of 
rupture in the rails. Moreover, to cope with the case that a 
reflection wave caused at the rupture 300 cannot be received 
by the receiving apparatuS 290, another receiving apparatus 
may as well be provided in Such a way as to be connected 
with the rail 211 in the vicinity of the transmitting apparatus 
280. This results in secure reception of a reflection wave 
from the rupture 300 caused in the rail 211. Consequently, 
the rupture 300, which is farther than the connecting mem 
ber 270, can be detected securely. 
0313 Alternatively, the transmitting apparatus 280 and 
the receiving apparatus 290 may be mounted on the train. In 
this case, the distance LA between the train (namely, each of 
the transmitting apparatus and the receiving apparatus) and 
the connecting member 270 may be calculated by using the 
following equation: 

L=Cm (tO-ty)/2 (15) 

0314 where tx=L/Cx (namely, is constant). The dis 
tance LA can be calculated from the measured value of the 
time to according to the equation (15). 
0315 Furthermore, the distance (LA+L) between the 
train (namely, each of the transmitting apparatus and the 
receiving apparatus) and the rupture is given by the follow 
ing equation: 

0316 Therefore, the distance between the train and the 
rupture can be obtained by measuring the time t1. 
0317 Incidentally, needless to say, rupture can be 
detected Similarly, even if one of the ultraSonic transmitting 
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apparatus and the ultrasonic receiving apparatus is mounted 
in the train and the other is disposed on the rail. Further, in 
the case that the ultrasonic transmitting apparatus and the 
ultraSonic receiving apparatus are mounted in the train, the 
ultraSonic-wave transmitting path between the train and the 
rail may as well be established by providing sliders 214 and 
214 at the front end portion of the train 213 in such a way 
as to slide on and be in contact with the rails 211 and 211", 
respectively, Similarly as in the case of the eighth embodi 
ment illustrated in FIG. 45. Further, the transmission and 
reception of ultrasonic waves are performed by transmitting 
ultrasonic waves to the rail 211 (or 211") through one of the 
sliders 214 (or 214) and by taking in the ultrasonic waves 
from the rail 211" (or 211) through the other slider 214 (or 
214). 
0318 AS above described, the detection of rupture can be 
performed while confirming from the presence of a normal 
reception Signal P that the rupture detecting ability of the 
rupture detecting apparatus is normal, by connecting the two 
rails by device of a material, through which an elastic wave 
can be propagated, and detecting a rupture based on the 
reflection condition of ultraSonic waves and the attenuation 
thereof. Consequently, the reliability of the apparatus is 
enhanced. 

0319 Incidentally, in the case that the rails and the 
conventional track circuit, which employs a rail as an 
energizing path, are used, both of a rail rupture detecting 
System using ultraSonic waves and a train detecting System 
using a track circuit, can be utilized by using an insulating 
matter, which does not transmit electricity but transmit 
elastic waves as the connecting member 270 for connecting 
between the rails 211 and 211". 

0320 FIG. 46 shows a ninth embodiment of the rupture 
detecting apparatus of the present invention. 
0321) This embodiment is suitable for the case that the 
rupture detecting apparatus is used together with the con 
ventional track circuit. Incidentally, in this figure, like ref 
erence numerals designate like composing elements illus 
trated in FIG. 43. Thus, the description of such composing 
elements is omitted herein. 

0322. In FIG. 46, A1 and A2 denote running or travel 
Sections which are electrically insulated at rail joints. The 
ultraSonic wave transmitting apparatuS 280 is provided on 
one rail 211 at the beginning end side (namely, an end 
portion at the side where the train enters) of the Section A1, 
while the ultraSonic wave receiving apparatuS 290 is pro 
vided on the other rail 211". In the section A2, the connecting 
member 270 made of an insulating matter for connecting the 
rails 211 and 211" is provided. End portions, which are 
placed close to each other, of the Sections A1 and A2 are 
connected by bypass propagation media 310 and 310', which 
are made of insulating matters and bypass the rail joints and 
allow elastic waves to be propagates therethrough. The 
propagation Speed of ultrasonic waves propagated through 
the bypass propagation media 310 and 310' are set in Such 
a manner as to be different from that of ultrasonic waves 
propagated through rails 311 and 311'. 
0323) Next, an operation of this embodiment will be 
described hereinafter. 

0324. In the case where the rail joints of the sections A1 
and A2 are separated from each other, Similarly as in the 
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usual case, ultrasonic waves radiated from the ultrasonic 
wave transmitting apparatus 280 are propagated through the 
rail 211 of the Section A1, the bypass propagation medium 
310, the rail 211 of the section A2, the connecting member 
270, the rail 211" of the section A2, the bypass propagation 
medium 310' and the rail 211" of the section A1 in this order. 
Then, these ultrasonic waves are received by the ultrasonic 
wave receiving apparatus 290. Similarly as in the seventh 
embodiment of FIG. 43, an occurrence of rupture can be 
detected based on the reception condition of a reception 
Signal, namely, based on the reception level or the propa 
gation time of a reception signal in the ultraSonic wave 
receiving apparatus 290. 

0325 With such a constitution, in the case that this 
apparatus is used together with the conventional track cir 
cuit, rupture in the rail of each of a plurality of electrically 
insulated running or travel Sections can be monitored by 
using a Set of the ultrasonic wave transmitting apparatus 280 
and the ultrasonic wave receiving device 290. Consequently, 
the cost of the equipment can be reduced considerably. 
0326 Incidentally, in the foregoing description, it has 
been described that this embodiment is configured So as to 
monitor the two sections A1 and A2. However, needless to 
Say, in the apparatus of the present invention, the number of 
the running Sections to be monitored may be three or more. 
0327. Additionally, in the case of this embodiment, the 
propagation Speed of ultraSonic waves in the bypass propa 
gation media 310 and 310' is different from that of ultrasonic 
waves in the rails 211 and 211". Thus, when the rail joints, 
which are placed close to each other, of the Sections A1 and 
A2 are brought into contact with each other owing to 
variation with time, the ultraSonic waves are propagated not 
only through the bypass propagation media 310 and 310' but 
also through the rail joints which have been in contact with 
each other. Further, for instance, if the propagation Speed 
corresponding to the rails is higher than that corresponding 
to the bypass propagation media, ultraSonic waves propa 
gated through the rail joints reach the receiving apparatus 
290 before the ultrasonic waves propagated through the 
bypass propagation media 310 and 310' reach there. There 
fore, in the case that the rail joints are in contact with each 
other, the time, at which the first reception Signal reach there, 
is earlier than that at which the reception signal reach there 
in the case where the rail joints are spaced normally. 
Consequently, this embodiment has an advantage in that 
abnormality in the running path, in which the rail joints are 
in contact with each other, can be detected Simultaneously. 
0328. As above stated, even in the case where the rupture 
is in an incomplete condition in which intimate contact 
portions exist in the running path, the existence of a rupture 
can be detected Securely by performing the rupture detecting 
process for detecting a rupture in the running path for the 
mobile unit by utilizing elastic waves. Consequently, the 
present invention has an advantage in that the Safety of train 
operations can be enhanced considerably by applying this 
embodiment to the detection of rupture in rails for trains. 
0329. Next, hereinafter, there will be described examples 
of application of the present invention to various train 
control Systems Such as an automatic train stop (hereunder 
referred to as ATS) system, an automatic train control 
(hereunder referred to as ATC) System or an automatic train 
operation (hereunder referred to as ATO) system. 
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0330 FIG. 47 illustrates an embodiment which is an 
example of the application of the present invention to the 
ATS system. 

0331. As shown in FIG. 47, a transmitter 404 for sending 
electric signals is connected to rails 402 and 403 in the 
vicinity of a home signal 401 through a repeater 405. 
Further, an ultrasonic wave transmitting apparatus 410 is 
provided on one of the rails (in the case of this embodiment, 
the rail 403). A train 406 is provided with an ultrasonic wave 
receiving apparatus 420 and with an information Storage 
apparatuS 430 for Storing information on the Speed pattern 
corresponding to the distance from the home signal 401. 
Incidentally, a power receiving device for receiving electric 
Signals and a receiver for receiving ultraSonic waves are 
mounted at a leading end portion of the train 406. 
0332. In Such a configuration, an electric signal is sent 
from the transmitter 404 of the ground facility to the rails 
402 and 403. Further, an ultrasonic wave is transmitted from 
the ultraSonic wave transmitting apparatuS 420 to the rail 
403 in synchronization with the sending of the electric 
signal. The train 406 receives the electric signal and the 
ultraSonic wave propagated through the rail. The distance to 
the home signal 401 and the train speed can be obtained on 
the basis of the reception time difference from the difference 
between the propagation Speeds of the electric Signal and the 
ultraSonic wave. Then, it is judged from the obtained posi 
tion and Speed information and pattern information previ 
ously Stored in the information Storage apparatuS 430 
whether or not the actual train Speed is appropriate. More 
over, for instance, if the actual Speed of the train exceeds the 
pattern Speed Set correspondingly to the position of the train 
in a stop aspect, the train 406 is stopped emergently by 
operating a breaking device. 
0333 With Such a configuration, the ground facility can 
detect the position or distance of the train from the Signal 
continuously. Consequently, there is provided an ATS SyS 
tem which excels in safety and reliability. 
0334) Incidentally, the system of FIG. 47 is configured so 
that the ultraSonic wave transmitting apparatus 410 and the 
transmitter 404 are equipped in the proximity of the home 
Signal: However, train position information representing 
continuous positions of the train can be obtained by provid 
ing these units, namely, the ultraSonic wave transmitting 
apparatus 410 and the transmitter 404 in each of the track 
circuits, though the train position information would repre 
Sent only discrete Spot information in the conventional 
system. Thus, the accuracy of what are called ATO onboard 
patterns and “Just Detection” operation in the ATO system 
can be improved. Furthermore, as a result of Superimposing 
information on an ultrasonic wave, a ground (control) unit 
with a power Supply, which is used for transmitting infor 
mation to the train, becomes unnecessary. 

0335 FIG. 48 illustrates an embodiment which is an 
example of the application of the present invention to the 
ATC system. 

0336 AS shown in FIG. 48, ultrasonic wave transmitting 
apparatuses 410A and 410B are provided on the rails 402 
and 403 at the terminating end side of a block section, 
respectively, while ultraSonic receiving apparatuses 420A 
and 420B are mounted on the train 406. Incidentally, receiv 
erS for receiving ultraSonic waves propagated through the 
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rails 402 and 403 are mounted at the lateral side portions of 
the leading end portion of the train 406. 
0337. In such a configuration, ultrasonic waves, to which 
Speed limit information on the limit Speed of the train in the 
running Section is imparted, are transmitted from the ultra 
Sonic wave transmitting apparatuses 410A and 410B of the 
ground facility to the rails 402 and 403. The transmitted 
ultraSonic waves are received by the ultraSonic wave receiv 
ing apparatuses 420A and 420B of the train 406 through the 
receivers. Thus, as above described, the Speed information 
on the speed of the train 406 can be obtained. 
0338. In the conventional ATC system, the limit speed 
information is obtained by feeding an electric Signal, on 
which the limit speed information is imparted, through the 
rails and then receiving the electric Signal in the train. Thus, 
electric signals to be fed through the rails 402 and 403 
cannot be made to be independent of each other by short 
circuiting the axle. Consequently, it is difficult to constitute 
as a duplex System. However, if the limit Speed information 
is obtained on the train by using ultrasonic waves as illus 
trated in FIG. 48, ultrasonic waves to be transmitted through 
the two rails 402 and 403 can be made to be independent of 
each other. Thus, a dupleX ATC System can be easily 
realized. Consequently, the safety and reliability of the ATC 
System can be enhanced. 
0339 Incidentally, if the ultrasonic wave transmitting 
apparatus 410 is provided in the train 406 as illustrated in 
FIG. 49, ultrasonic waves are transmitted from the trans 
mitter 440 to the rail 402 and are received by the ultrasonic 
wave receiving apparatus 420 at the rail 402, the train 
number of the train 406 can be obtained in the ground 
facility by adding train number information to, for instance, 
ultrasonic waves transmitted from the train 406. 

0340 FIG. 50 shows another embodiment in the case 
that a change in ultraSonic wave propagation Speed, which 
is caused owing to a variation in the rail temperature, is 
compensated without using the connecting member 170. 
0341. As shown in FIG.50, ultrasonic wave transmitting 
apparatuses 410A and 410B respectively transmitting ultra 
Sonic waves having different frequencies f21 and f22 are 
provided on the ground facility, for example, the rail 402 in 
Such a way as to be spaced by a preset reference distance 
from each other. Further, ultraSonic wave receiving appara 
tuses 420A and 420B for receiving the ultrasonic waves, 
which respectively have the frequencies f21 and f22, 
through corresponding receivers 450 and 451 are provided 
in the train 406. Incidentally, the receiver 450 is constituted 
in Such a manner as to be able to receive only an ultraSonic 
wave having a frequency f21, while the receiver 451 is 
constituted in Such a manner as to be able to receive only an 
ultraSonic wave having a frequency f22. 
0342. In Such a configuration, an ultrasonic wave having 
a frequency f21 and an ultraSonic wave having a frequency 
f22 are transmitted from the ultrasonic wave transmitting 
apparatus 410A and the ultraSonic wave transmitting appa 
ratus 410B, respectively, in synchronization with each other 
to the rails simultaneously. In the train 406, the ultrasonic 
waves are received by the receivers 450 and 451, and are 
then input to the ultraSonic wave receiving apparatuses 420A 
and 420B, respectively. The ultrasonic wave propagation 
time of a reference distance LS in normal condition is 
previously stored in the ultraSonic wave receiving appara 
tuses 420A and 420B. 
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0343. Therefore, the influence of a change in the rail 
temperature can be eliminated by comparing the difference 
between the time, at which the ultraSonic wave receiving 
apparatus 420A receives the ultrasonic wave, and the time, 
at which the ultrasonic wave receiving apparatus 420B 
receives the ultraSonic wave, with the Stored ultrasonic wave 
propagation, and correcting the calculated distance and So 
on according to the difference as the result of the compari 
Son. Consequently, accurate distance and train Speed infor 
mation can be obtained. 

0344). Additionally, although the system provided with 
the two receiverS has been described in the foregoing 
description, the number of the receiverS may be only one. In 
this case, there is the need for using a broad-band receiver 
and for providing a narrow-band filter corresponding to the 
frequencies f21 and f22 in the receiving apparatus. 

0345 Incidentally, in the aforementioned embodiments, 
elastic waves may be transmitted between the rail and the 
receiver of the mobile unit either through air or through the 
wheels. In the latter case, the transmitter and the receiver 
may be mounted through bearings on a Supporting portion 
for Supporting the wheels. Alternatively, the transmitter and 
the receiver may be mounted on the rotating wheel or on the 
axle connected to the wheels, without bearings. Example of 
the mounting configuration, which does not use bearings, as 
illustrated in FIGS. 51 to 53 has been devised. Transmitter 
having this mounting configuration will be described here 
inbelow by way of example. However, it is the same with the 
receiver. 

0346). As shown in FIG. 51, a transmitter 503 is mounted 
on a side Surface of a wheel 502 attached to an axle 500 
through bearing 501. In this case, the transmitter 503 has a 
structure, as illustrated in, for example, FIG. 52. 

0347 Namely, a main part 503a of the transmitter is fixed 
to the side surface of the wheel 502 through a mounting 
flange 503r by using bolts in such a way as to cause a wave 
transmitting Surface thereof to abut against the Side Surface. 
Insulating matter 503b covers the main part 503a and the 
mounting flange 503r in Such a manner that there is provided 
a gap between the insulating matter 503b and a combination 
of the main part 503a and the mounting flange 503r. Two 
metallic disk-like members 503d and 503e, which are 
Spaced and insulated from each other, are mounted on the 
axle 503c fitted into the main part 503a of the transmitter. 
The aforementioned disk-like members 503d and 503e are 
electrically connected with the main part 503a of the trans 
mitter through leads 503f and 503g provided along the axle 
503c. The disk-like members 503d and 503e are in contact 
with a nearly-ring-like outer electrode 503j and a nearly 
ring-like inner electrode 503k through sliders 503h and 503i, 
respectively, as illustrated in FIG. 53. The outer electrode 
503i and the inner electrode 503k are insulated from each 
other by an insulating matter 503l. The axle 503c is Sup 
ported or journaled in the insulating matters 503l and 503m 
through the bearings 503n and 503O. Further, the insulating 
matters 503b, 503l and 503m and both of the electrodes 503i 
and 503k are fixed to a stationary element (not shown) 
provided in the neighborhood thereof. Thus, the main part 
503a of the transmitter, the axle 503c and the metallic 
disk-like members 503d and 503e are adapted to be rotatable 
through the bearings 503n and 503O with respect to the 
insulating matters 503b, 5031 and 503m and both of the 
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electrodes 503i and 503k and are operative to rotate together 
with the wheels 502 as a single body. In this figure, reference 
numerals 503p and 503d designate leads for supplying 
power, which are connected to the outer electrode 503i and 
the inner electrode 503k, respectively. 
0348. In such a mounting configuration of each of the 
transmitter and the receiver, ultraSonic waves can be trans 
mitted between the rails without being transmitted by the 
bearings between the axle 500 and each of the wheels 502. 
0349 Incidentally, in the foregoing description of the 
aforementioned embodiments, although there have been 
described examples of applying the present invention to 
various control apparatuses in the railroad transportation 
System, the present invention can be applied in Systems other 
than the railroad transportation System, for example, the 
information transmission System using elastic waves accord 
ing to the present invention can be constructed by utilizing 
piping in a chemical plant, or embedded pipe arrangement 
for Supplying gas or water. 
0350 
0351. The present invention has many advantageous 
effects in transmitting information as a result of transmitting 
and receiving elastic waves through a transmission medium, 
as compared with the prior art. Consequently, the industrial 
applicability of the present invention is high. 

Industrial Applicability 

1. An information generating apparatus using elastic 
waves, which employs a movement path of a mobile unit as 
a transmission medium, comprising elastic wave transmit 
ting means for transmitting elastic waves to Said transmis 
Sion medium, elastic wave receiving means for receiving 
elastic waves transmitted from Said elastic wave transmitting 
means through Said transmission medium, and information 
generating means for generating information that is neces 
Sary for controlling/monitoring associated elements of a 
control System for performing control operations on Said 
mobile unit, based on an elastic wave reception Signal 
received by Said elastic wave receiving means. 

2. An information generating apparatus using elastic 
waves as Set forth in claim 1, wherein a transmitter of Said 
elastic wave transmitting means and a receiver of Said elastic 
wave receiving means are in contact with Said transmission 
medium. 

3. An information generating apparatus using elastic 
waves as Set forth in claim 1, wherein Said mobile unit is a 
train, and Said transmission medium is a rail. 

4. An information generating apparatus using elastic 
waves as Set forth in claim 3, wherein Said information 
generating means comprises propagation time measuring 
means for measuring an elastic wave propagation time 
during which an elastic wave propagates between the train 
and a railroad crossing placed partway through a train 
movement path, distance computing means for computing a 
distance between the train and the railroad crossing, based 
on the measured propagation time, Speed computing means 
for computing a train Speed based on a change in the 
computed distance, and control means for controlling tim 
ing, with which railroad crossing traversing inhibition com 
mand information is generated, based on a latest computed 
distance and train Speed, and wherein the railroad crossing 
traversing inhibition command information is generated 
under control of Said control means. 
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5. An information generating apparatus using elastic 
waves as Set forth in claim 4, wherein Said railroad crossing 
traversing inhibition command information is a Sounding 
operation Starting command for causing a warning device to 
Start Sounding, which is generated a predetermined time 
period before a point of time at which a train enterS Said 
railroad crossing. 

6. An information generating apparatus using elastic 
waves as Set forth in claim 5, wherein Said control means 
comprises boundary distance Setting means for Setting a 
boundary distance between the railroad crossing and the 
train, by which said predetermined time can be Secured, 
from the computed train Speed correspondingly to a maxi 
mum acceleration running pattern, and judgment means for 
comparing the distance, which is computed by Said distance 
computing means, with the Set boundary distance and for 
judging whether or not the computed distance is equal to or 
less than the boundary distance, and wherein a moment, at 
which the computed distance becomes equal to or less than 
the boundary distance, is set as a time at which the Sounding 
operation Starting command is generated. 

7. An information generating apparatus using elastic 
waves as Set forth in claim 5, wherein running pattern 
information transmitting means for transmitting a running 
pattern information signal is provided in the train, while 
running pattern discriminating means for discriminating 
running pattern information transmitted from Said train is 
provided in Said information generating means, and 

wherein Said control means comprises individual-running 
pattern boundary distance Setting means for setting a 
boundary distance between the railroad crossing and 
the train, by which a previously Set time can be Secured 
from the generation of Sounding operation Starting 
command information until when Said train enters the 
railroad crossing, based on the computed train Speed 
correspondingly to each of running patterns, Selection 
means for Selecting a boundary distance corresponding 
to a running pattern discriminated by Said running 
pattern discriminating means, and judgment means for 
comparing the distance, which is computed by Said 
distance computing means, with the boundary distance 
Selected by Said Selection means and for judging 
whether or not the computed distance is equal to or leSS 
than the boundary distance, and wherein a moment, at 
which the computed distance becomes equal to or leSS 
than the boundary distance, is Set as a time at which the 
Sounding operation Starting command is generated. 

8. An information generating apparatus using elastic 
waves as Set forth in claim 4, wherein Said elastic wave 
transmitting means has transmitting-Side timing Signal gen 
erating means for generating a transmitting-Side timing 
Signal to be used for controlling elastic wave transmitting 
timing, Said elastic wave receiving means has receiving-side 
timing Signal generating means for generating a receiving 
Side timing Signal Synchronized with the transmitting-side 
timing Signal, and Said propagation time measuring means 
measures a time between a moment, at which the receiving 
Side timing Signal is generated, and a moment at which an 
elastic wave is received. 

9. An information generating apparatus using elastic 
waves as Set forth in claim 4, wherein elastic wave trans 
mitting means and elastic wave receiving means are pro 
Vided in a train and a ground facility, respectively, and, when 
an elastic wave transmitted through a rail from the ground 
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facility is received by the train, an elastic wave is transmitted 
from the train as a reply without delay, and the elastic wave 
propagation time, during which an elastic wave propagated 
between the train and the railroad crossing, is measured, 
based on a time between a moment, at which the ground 
facility starts transmitting an elastic wave to the train, and 
another moment at which the ground facility receives an 
elastic wave from the train. 

10. An information generating apparatus using elastic 
waves as Set forth in claim 4, wherein an elastic wave and 
an electric Signal, which are Synchronized with each other, 
are transmitted from the railroad crossing to Said train 
through rails, and wherein a distance between the railroad 
crossing and the train and a train Speed are calculated based 
on a time difference between reception of the transmitted 
electric Signal and reception of the transmitted elastic wave 
in Said train. 

11. An information generating apparatus using elastic 
waves as set forth in claim 10, wherein information on the 
distance and the train Speed, which are calculated based on 
the time difference between the reception of the electric 
Signal and the reception of the elastic wave is transmitted 
from Said train by using an electric Signal through Said 
transmission medium, an elastic wave is transmitted there 
from Simultaneously with the electric Signal, in the railroad 
crossing, a distance between the train and the railroad 
crossing and a train Speed are calculated based on a time 
difference between the reception of the transmitted electric 
signal and the transmitted elastic wave and a result of the 
calculation is collated with the transmitted information on 
the distance therebetween and the train Speed to thereby 
check whether or not the result of the calculation is matched 
with the transmitted information. 

12. An information generating apparatus using elastic 
waves as Set forth in claim 4, wherein Said information 
generating means has reception acknowledgement means 
for acknowledging reception of Said elastic wave, and, when 
no reception acknowledgement Signal is sent from Said 
reception acknowledgement means in a condition that a 
detection signal indicating the detection of a train approach 
ing the railroad crossing is generated, traversing inhibition 
command information is immediately generated. 

13. An information generating apparatus using elastic 
waves as Set forth in claim 1, wherein Said information 
generating means has detection means for detecting pres 
ence/absence of Said mobile unit based on a reception 
condition of an elastic wave received by Said elastic wave 
receiving means and for generating mobile unit presence/ 
absence information. 

14. An information generating apparatus using elastic 
waves as Set forth in claim 13, wherein Said detection means 
detects the presence/absence of Said mobile unit based on 
whether or not an elastic wave is received. 

15. An information generating apparatus using elastic 
waves as Set forth in claim 14, wherein, when Said mobile 
unit runs on two rails which are parallel with each other, Said 
elastic wave transmitting means is placed at an end portion 
of one of Said two rails, Said elastic wave receiving means 
is placed at an end portion, which is on the same side as Said 
elastic wave transmitting means, of the other of Said two 
rails, and, when an elastic wave is transmitted from the one 
of the two rails to the other thereof through wheels of said 
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mobile unit and is then received by Said elastic wave 
receiving means, Said detection means generates mobile unit 
presence information. 

16. An information generating apparatus using elastic 
waves as Set forth in claim 15, wherein a sliding contact 
member, which rides astride and Slides on Said two rails and 
exhibits an elastic wave propagation Speed characteristic 
being Superior than that of Said mobile unit, is provided at 
a front portion of said mobile unit. 

17. An information generating apparatus using elastic 
waves as Set forth in claim 15, wherein a connecting member 
for connecting between rails is provided at a rail position 
that is a previously Set distance, away from Said elastic wave 
transmitting means and Said elastic wave receiving means. 

18. An information generating apparatus using elastic 
waves as Set forth in claim 17, wherein an elastic wave 
propagation Speed characteristic of Said connecting member 
is slower than that of Said mobile unit. 

19. An information generating apparatus using elastic 
waves as Set forth in claim 15, wherein Said detection means 
has distance calculating means for calculating a distance to 
Said mobile unit, based on a propagation time from initiation 
of the transmission of an elastic wave and reception of the 
elastic wave. 

20. An information generating apparatus using elastic 
waves as Set forth in claim 14, wherein a branch portion, at 
which Said movement path branches, has elastic wave trans 
mitting/receiving means for transmitting elastic waves, 
which are different in frequency from one another, to branch 
paths of Said movement path and for receiving elastic waves, 
which are different in frequency from one another, from Said 
branch paths, whereas Said train is provided with elastic 
wave transmitting/receiving means for transmitting elastic 
waves to Said branch paths and for receiving elastic waves 
from Said branch paths, respectively. 

21. An information generating apparatus using elastic 
waves as Set forth in claim 13, wherein Said detection means 
is adapted to detect presence/absence of Said mobile unit, 
based on a result of a comparison made between a level of 
a received elastic wave and a previously set threshold value. 

22. An information generating apparatus using elastic 
waves as Set forth in claim 21, wherein, when Said mobile 
unit travels on the two rails, which are parallel with each 
other, Said elastic wave transmitting means is placed at an 
end portion of one of Said two rails, and Said elastic wave 
receiving means is placed at an end portion, which is at the 
Same Side as Said elastic wave transmitting means, of the 
other of Said two rails, a plurality of connecting members, 
which are Superior to Said mobile unit in elastic wave 
propagation Speed characteristic, are established in Such a 
way as to be Spaced from one another and to connect 
between Said two rails, and wherein a distance from Said 
elastic wave transmitting means to each of Said connecting 
members and a distance from Said elastic wave receiving 
means to each of Said connecting members are previously 
Set. 

23. An information generating apparatus using elastic 
waves as Set forth in claim 21, wherein Said elastic wave 
transmitting means is placed at an end Side of Said move 
ment path, while Said elastic wave receiving means is placed 
at the other end side thereof. 

24. An information generating apparatus using elastic 
waves as Set forth in claim 13, wherein Said detection means 
is established in a block Section equipped with a track circuit 
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for detecting a train, and a System of detecting a train by 
using a track circuit is utilized together with a System of 
detecting a train by using an elastic wave. 

25. An information generating apparatus using elastic 
waves as Set forth in claim 1, wherein Said information 
generating means has judgment means for making a judg 
ment on presence/absence of rupture in Said movement path, 
based on a reception condition of an elastic wave received 
by Said elastic wave receiving means and for generating 
information representing presence/absence of rupture in Said 
movement path. 

26. An information generating apparatus using elastic 
waves as Set forth in claim 25, wherein Said judgment means 
judges presence/absence of rupture, based on an attenuated 
condition of a received elastic wave. 

27. An information generating apparatus using elastic 
waves as set forth in claim 26, wherein both of Said elastic 
wave transmitting means and Said elastic wave receiving 
means are provided at a movement path of a rupture check 
ing Section, one of Said elastic wave transmitting means and 
Said elastic wave receiving means is provided at a beginning 
portion of the section, while the other thereof is provided at 
a terminating end portion of the Section. 

28. An information generating apparatus using elastic 
waves as Set forth in claim 26, wherein one of Said elastic 
wave transmitting means and Said elastic wave receiving 
means is provided in Said mobile unit, while the other 
thereof is provided at a terminating end portion, from which 
Said mobile unit leaves, of a rupture checking Section of the 
movement path. 

29. An information generating apparatus using elastic 
waves as set forth in claim 26, wherein both of Said elastic 
wave transmitting means and Said elastic wave receiving 
means are mounted in Said mobile unit, one of Said elastic 
wave transmitting means and Said elastic wave receiving 
means is provided at a front end portion of Said mobile unit 
and the other thereof is provided at a rear end portion of Said 
mobile unit. 

30. An information generating apparatus using elastic 
waves as Set forth in claim 25, wherein Said judgment means 
makes a judgment on presence/absence of rupture, based on 
presence/absence of a reflection wave obtained from an 
elastic wave at a rupture portion. 

31. An information generating apparatus using elastic 
waves as set forth in claim 30, wherein both of Said elastic 
wave transmitting means and Said elastic wave receiving 
means are placed at an end portion of one end of the 
movement path, of the rupture checking Section thereof. 

32. An information generating apparatus using elastic 
waves as set forth in claim 30, wherein one of said elastic 
wave transmitting means and Said elastic wave receiving 
means is mounted in Said mobile unit, and the other of Said 
elastic wave transmitting means and Said elastic wave 
receiving means is provided at a beginning portion, into 
which Said mobile unit enters, of a rupture checking Section 
of the movement path. 

33. An information generating apparatus using elastic 
waves as set forth in claim 30, wherein both of Said elastic 
wave transmitting means and Said elastic wave receiving 
means are mounted in Said mobile unit. 

34. An information generating apparatus using elastic 
waves as set forth in claim 30, which further comprises 
checking means for checking a receiving function based on 
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a reflection wave at a movement path joint in an end portion 
of a rupture checking Section. 

35. An information generating apparatus using elastic 
waves as Set forth in claim 25, wherein, when said move 
ment path consists of two rails which are parallel with each 
other, Said two rails are connected with each other by using 
a connecting member which can propagate an elastic wave, 
an elastic wave is transmitted from Said elastic wave trans 
mitting means to one of Said two rails, and the elastic wave 
is received by Said elastic wave receiving means at the other 
rail Side. 

36. An information generating apparatus using elastic 
waves as Set forth in claim 35, wherein, at one end Side of 
a rupture checking Section, Said elastic wave transmitting 
means is provided on one of Said two rails, and Said elastic 
wave receiving means is provided on the other of Said two 
rails. 

37. An information generating apparatus using elastic 
waves as set forth in claim 35, wherein said elastic wave 
transmitting means and Said elastic wave receiving means 
are mounted in Said mobile unit. 

38. An information generating apparatus using elastic 
waves as set forth in claim 35, wherein, when said move 
ment path consists of a plurality of running Sections elec 
trically insulated from one another at rail joints, respectively, 
close Section end portions of at least adjacent running 
Sections among Said plurality of running Sections are con 
nected by means of insulating bypass propagation media 
adapted to allow an elastic wave to be propagated by 
bypassing Said rail joint portions, and wherein Said plurality 
of running Sections connected by Said bypass propagation 
media are employed as Said rupture checking Sections, and 
a connecting member for connecting between Said rails 
parallel with each other is formed with an insulating mate 
rial. 

39. An information generating apparatus using elastic 
waves as Set forth in claim 3, wherein an elastic wave and 
an electric Signal are transmitted from a predetermined 
position in Vicinity of a home signal to a train through rails 
by being Synchronized with each other, a train Speed is 
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calculated in the train based on a time delay between 
receptions of the transmitted electric Signal and elastic wave, 
and Speed pattern information, which corresponds to a 
distance from the home Signal and is Stored in an informa 
tion Storage means mounted on the train, is compared with 
Said calculated train Speed, and wherein when Said home 
Signal is in a stop aspect, a braking device of Said train is 
operated if a stopping calculated train Speed is higher than 
a pattern Speed. 

40. An information generating apparatus using elastic 
waves as Set forth in claim 3, wherein elastic waves are 
transmitted from each elastic wave transmitting means to 
two rails which are parallel with each other, respectively, 
elastic waves from Said rails are received by Said elastic 
wave receiving means in Said train, respectively, and limit 
Speed information representing a limit Speed of Said train is 
imparted to elastic waves to be transmitted to Said rails, 
respectively, and then the elastic waves are transmitted 
thereto, respectively. 

41. An information generating apparatus using elastic 
waves as Set forth in claim 1, wherein elastic wave trans 
mitting means for transmitting elastic waves, which are 
different in frequency from one another, are provided along 
a transmission medium at previously Set intervals, while 
elastic wave receiving means for receiving the elastic waves, 
which are different in frequency from one another, are 
provided in a mobile unit, elastic waves, which are Synchro 
nized with one another and are different in frequency from 
one another, are transmitted to Said transmission medium 
from Said respective elastic wave transmitting means, a time 
difference between receptions of elastic waves which have 
different frequencies by Said elastic wave receiving means is 
compared with a previously Stored elastic wave propagation 
time in which an elastic wave is propagated between by Said 
predetermined distance in Standard temperature conditions 
of Said transmission medium, and information generated by 
Said information generating means is corrected based on a 
result of the comparison. 


