
(19) *EP004512688A1*
(11) EP 4 512 688 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
26.02.2025 Bulletin 2025/09

(21) Application number: 23791916.2

(22) Date of filing: 20.04.2023

(51) International Patent Classification (IPC):
B61L 1/18 (2006.01)

(52) Cooperative Patent Classification (CPC):
B61L 1/18

(86) International application number:
PCT/JP2023/015744

(87) International publication number:
WO 2023/204268 (26.10.2023 Gazette 2023/43)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 22.04.2022 JP 2022070913

(71) Applicant: Kyosan Electric Mfg. Co., Ltd.
Tsurumi-ku, Yokohama-shi
Kanagawa 230‑0031 (JP)

(72) Inventors:
• SANO Minoru
Yokohama-shi, Kanagawa 230‑0031 (JP)

• MURAKAMI Youichi
Yokohama-shi, Kanagawa 230‑0031 (JP)

• KANEKO Makoto
Yokohama-shi, Kanagawa 230‑0031 (JP)

(74) Representative: Hoffmann Eitle
Patent‑ und Rechtsanwälte PartmbB
Arabellastraße 30
81925 München (DE)

(54) TRACK CIRCUIT DEVICE AND TRAIN ON‑TRACK DETERMINATION METHOD

(57) A track circuit apparatus (1) measures a trans-
mission voltage and transmission current of an AC signal
transmitted to rails, calculates an impedance equivalent
value based on amplitudes of and a phase difference

between the measured transmission voltage and trans-
mission current, and determines presence of the train
based on values of real and imaginary component values
of the calculated impedance equivalent value.

EP
4
51
2
68
8
A
1

Processed by Luminess, 75001 PARIS (FR)



2

1 EP 4 512 688 A1 2

Description

[TECHNICAL FIELD]

[0001] The present disclosure relates to a track circuit
apparatus and others.

[BACKGROUND ART]

[0002] In conventional track circuit apparatuses, a
transmitter that transmits a train detection signal is con-
nected to one end of a rail of a track circuit, and it is
determined that a train is present on the rail, based on a
lowered reception level at a receiver connected to the
other end (e.g., see Patent Document 1).

[RELATED-ART DOCUMENT]

[PATENT DOCUMENT]

[0003] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2021‑113023

[SUMMARY OF THE INVENTION]

[TECHNICAL PROBLEM]

[0004] Conventional track circuit apparatuses require
transmission power at or above a certain level because
the apparatuses transmit a train detection signal to one
end of a rail of a track circuit and monitor a reception level
at the other end thereof which is a predetermined dis-
tance apart. As a result, it may be difficult to save energy.
In addition, conventional track circuit apparatuses, in
principle, require a transmitter and a receiver.
[0005] A problem to be addressed by the present dis-
closure is to provide a technology for track circuit appa-
ratuses which is quite different in principle from that for
conventional track circuit apparatuses.

[SOLUTION TO PROBLEM]

[0006] A first aspect to accomplish the foregoing object
is a track circuit apparatus that includes: a calculation
section that calculates an impedance equivalent value,
based on amplitudes of a transmission voltage and a
transmission current of an alternating current signal
transmitted from a transmission section to a rail and a
phase difference between the transmission voltage and
the transmission current; and a determination section
that determines presence of a train on the rail, based
on values of a real component and an imaginary compo-
nent of the impedance equivalent value.
[0007] Another aspect may configure an on-rail train
presence determination method comprising measuring a
transmission voltage and a transmission current of an
alternating current signal transmitted from a transmission
section to a rail; calculating an impedance equivalent

value, based on amplitudes of the transmission voltage
and the transmission current and a phase difference
between the transmission voltage and the transmission
current; and determining presence of a train on the rail,
based on values of the real component and the imaginary
component of the impedance equivalent value.
[0008] As a result, in the first aspect and others, it is
possible to realize a technology for track circuit appara-
tuses which is quite different in principle from that for
conventional track circuit apparatuses. The first aspect
and others are a technique that focuses on the feature in
which the impedance of the track circuit as viewed from
the transmission point of the AC signal changes depend-
ing on whether a train is present or absent on the rail. With
this impedance change, the amplitudes of and phase
difference between the transmission voltage and the
transmission current are varied. As a result, in the first
aspect and others, the impedance equivalent value of the
track circuit is determined from the amplitudes of and
phase difference between the transmission voltage and
the transmission current. Then, the presence of a train on
the rail is determined based on the real component
(resistance component) and imaginary component (re-
actance component), both of which express the impe-
dance equivalent value with complex numbers. Since the
presence ofa train on the rail can be determinedbased on
the transmission voltage and transmission current of the
AC signal transmitted to the rail, no receiver is necessary,
and there is no need to transmit a signal with a constant
signal level at the reception point, thereby successfully
reducing the transmission power. Consequently, it is
possible to realize an energy-saving track circuit appa-
ratus. Moreover, since no receiver is necessary, it is
possible to provide a further effect in which the number
of components constituting the track circuit apparatus
can be made smaller.
[0009] A second aspect is the track circuit apparatus in
the above-described aspect, in which the determination
section determines a location of the train present on the
rail relative to a transmission point of the alternating
current signal from the transmission section.
[0010] As a result, in the second aspect, it is possible to
determine the location of the train present on the rail
relative to the transmission point of the AC signal. This
is because the impedance of the track circuit as viewed
from the transmission point of the AC signal changes
depending on a location at which the rail is shorted by the
axle of the train.
[0011] A third aspect is the track circuit apparatus in the
above-described aspects, in which the determination
section determines the location of the train present on
the rail relative to the transmission point, based on a plot
point of the impedance equivalent value in a coordinate
system with axes representing the real component and
the imaginary component.
[0012] As a result, in the third aspect, the determination
section can determine the location of the train present on
the rail, based on the plot point of the impedance equiva-
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lent value in the coordinate system (complex plane) with
axes representing the real component and the imaginary
component. This is because the impedance of the track
circuit depends on a location at which the rail is shorted by
the axle of the train. Therefore, by relating in advance
locations of a train present on the rail with the plot points
of the impedance equivalent values in the coordinate
system, it can be determined that the location of the train
present on the rail.
[0013] A fourth aspect is the track circuit apparatus in
the above-described aspects, in which the determination
section determines the location of the train present on the
rail, based on a location of the plot point along a pre-
determined reference trajectory in the coordinate sys-
tem.
[0014] The impedance of the track circuit depends on
the location of the train present on the rail in the track
circuit, namely, the location at which the rail is shorted by
the axle of the train. Therefore, by defining in advance, as
a reference trajectory, the change in the location of the
plot point of an impedance equivalent value in the co-
ordinate system that is related to the location of the train
on the rail, as in the fourth aspect, it can be determined
that the location of the train on the rail, based on the
location of plot point along this reference trajectory.
[0015] A fifth aspect is the track circuit apparatus in the
above-described aspects, in which the determination
section determines a state of the rail, based on the values
of the real component and the imaginary component of
the impedance equivalent value.
[0016] The impedance of the track circuit changes in
response to a change in the state of the rail. Thus, by
comparing the values of the real component and imagin-
ary component of a current impedance equivalent value
with the real component and imaginary component of the
impedance equivalent value when the rail is in a normal
state, for example, as in the fifth aspect, it can be deter-
mined that the state of the rail, such as whether the rail is
in a normal state.
[0017] A sixth aspect is the track circuit apparatus in
the above-described aspects, in which the determination
section determines a location of an abnormality on the rail
relative to the transmission point of the alternating current
signal from the transmission section.
[0018] As a result, in the sixth aspect, it is possible to
determine, as the state of the rail, the location of an
abnormality on the rail relative to the transmission point
of the AC signal.
[0019] A seventh aspect is the track circuit apparatus in
the above-described aspects, in which, when the plot
point deviates from the reference trajectory, the determi-
nation section determines the location of an abnormality
related to leakage conductance and/or a rail breakage on
the rail, based on the deviating location.
[0020] As a result, in the seventh aspect, it is possible
to determine, as the state of the rail, the location of the
abnormality related to leakage conductance and/or a rail
breakage on the rail. For example, if an abnormality

related to leakage conductance, such as an increase
in leakage conductance due to submersion of the rail,
occurs in the rail, the amount of change in the impedance
of the track circuit varies depending on the location of the
train present on the rail before and after the train passes
through the abnormality location. Therefore, when a plot
point deviates from the reference trajectory, it can be
determined that the location at which a plot point returns
to the reference trajectory is the location at which the
abnormality related to the leakage conductance has
occurred on the rail. More specifically, when the train
passes in front of and in back of the location of an
abnormality related to leakage conductance, the plot
points deviate from the starting point of the reference
trajectory (moves toward the transmission point) in front
of the abnormal location and draw a trajectory conform-
ing to the reference trajectory after the train has passed
through the abnormal location. Even if a rail breakage
occurs, the amount of change in the impedance of the
track circuit varies before and after the train passes the
location of this abnormality. Therefore, when a plot point
deviates from the reference trajectory, it can be deter-
mined that the location at which a plot point returns to the
reference trajectory is the location of the rail breakage.
More specifically, when a train passes in front of and in
back of the location of a rail breakage, the portion of the
rail other than the location of the abnormality is normal.
However, the portion beyond the abnormal location de-
viates from the reference trajectory, so that the plot points
are each displaced between a location along the refer-
ence trajectory and a location deviating from the refer-
ence trajectory.
[0021] An eighth aspect is the track circuit apparatus in
the above-described aspects, in which the determination
section determines whether a rail breakage has oc-
curred, based on a sign of a value of the imaginary
component.
[0022] As a result, in the eighth aspect, it can be
determined whether a rail breakage has occurred, based
on the sign of the value of the imaginary component of the
impedance equivalent value. This is because, when a rail
breakage occurs, the imaginary component of the im-
pedance equivalent value has a negative value.
[0023] A ninth aspect is the track circuit apparatus in
the above-described aspects, in which the determination
section determines a location of the rail breakage relative
to the transmission point of the alternating current signal
from the transmission section, based on the values of the
real component and the imaginary component of the
impedance equivalent value.
[0024] As a result, in the ninth aspect, it is possible to
determine the location of the rail breakage relative to the
transmission point of the AC signal, based on the values
of the real component and the imaginary component of
the impedance equivalent value. This is because, when a
rail breakage occurs, the imaginary component of the
impedance equivalent value has a negative value, and
each of the real component and imaginary component is
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changed to a value proportional to the distance from the
transmission point of the AC signal to the location of the
rail breakage.
[0025] A tenth aspect is the track circuit apparatus in
the above-described aspects, in which the determination
section determines an abnormality of the rail or an in-
dication of the abnormality, based on whether a plot point
of the impedance equivalent value in a coordinate system
with axes representing the real component and the ima-
ginary component is outside a tolerance fluctuation range
of the impedance equivalent value, the tolerance fluctua-
tion range being defined in accordance with a distance
from the transmission point of the alternating current
signal from the transmission section.
[0026] If some abnormality occurs or an indication of
the abnormality appears on the rail, the impedance of the
track circuit changes. In addition, since rails are usually
installed outdoors, the impedance of the track circuit may
fluctuate due to ambient environment, such as tempera-
ture, humidity, rainfall, or snowfall. As a result, a tolerance
fluctuation range by which the state of the rail can be
regarded as being normal is defined in advance with
reference to a preset location of the plot point of the
impedance equivalent value when the rail is in a normal
state, for example, as in the tenth aspect. It is thereby
possible to determine an abnormality on the rail or an
indication of the abnormality, based on whether the plot
point of the impedance equivalent value is outside the
tolerance fluctuation range.

[BRIEF DESCRIPTION OF DRAWINGS]

[0027]

FIG. 1 is a diagram of an application example of a
track circuit apparatus.
FIG. 2A is a diagram of an equivalent circuit of a track
circuit.
FIG. 2B is a diagram of an equivalent circuit of the
track circuit.
FIG. 2C is a diagram of an equivalent circuit of the
track circuit.
FIG. 3 illustrates an example of a transmission vol-
tage waveform and transmission current waveforms
of an AC signal.
FIG. 4 illustrates an example of the change in a plot
point of an impedance equivalent value.
FIG. 5 illustrates an example of the change in the plot
point of the impedance equivalent value in the case
of a rail breakage.
FIG. 6 illustrates an example of the change in the plot
point of the impedance equivalent value in the case
of a rail breakage.
FIG. 7 illustrates an example of the change in the plot
point of the impedance equivalent value in the case
of an abnormality related to leakage conductance.
FIG. 8 illustrates an example of the installation of
track circuit apparatuses.

FIG. 9 illustrates an example of how to set a toler-
ance fluctuation range.
FIG. 10 illustrates another configuration example of
a track circuit apparatus.
FIG. 11 illustrates an example of the change in the
plot point of the impedance equivalent value in the
case of an insulated track circuit.

[DESCRIPTION OF EMBODIMENTS]

[0028] A preferred exemplary embodiment of the pre-
sent disclosure will be described below with reference to
the accompanying drawings. It should be noted that
exemplary embodiments to which the present disclosure
is applicable are not limited to the exemplary embodi-
ments to be described below. In the drawings, the same
elements are denoted by identical reference numerals.

[Configuration]

[0029] FIG. 1 illustrates an application example of a
track circuit apparatus 1 according to the present embo-
diment. The track circuit apparatus 1 is an apparatus that
transmits an alternating current (AC) signal to rails and
then determines the presenceof a train on the railsas well
as a state of the rails, based on a transmission voltage
and transmission current of the AC signal. The track
circuit apparatus 1 includes a transmitter 10, a current
sensor 20, and a processing apparatus 30. If a plurality of
track circuit apparatuses 1 are installed centrally in one
location, some long cables are necessary, in which case
matching transformers are also provided to match the
impedances of the cables and the track to some extent.
[0030] The transmitter 10 transmits a certain level of
AC signal via a transmission cable to a transmission point
in a detection segment T1, which is defined by separating
the rails of a track circuit, under the control of the proces-
sing apparatus 30. The transmitter 10 may correspond to
an example of a transmission section. The transmission
point is provided on the exit side of the detection segment
T1. The track circuit may be either an uninsulated or
insulated track circuit; however, the present embodiment
will be described on the assumption that the track circuit
is an uninsulated track circuit. Thus, when being trans-
mitted to the rails in detection segment T1 via the trans-
mission point, the AC signal also propagates to another
section adjacent to the detection segment T1. The cur-
rent sensor 20 is installed in a transmission cable be-
tween the transmitter 10 and one rail and measures the
current (the alternating current) of the AC signal to be
transmitted to the rail.
[0031] The processing apparatus 30 includes a trans-
mission voltage waveform acquisition section 31, a trans-
mission current waveform acquisition section 32, a quad-
rature detection circuit section 33, an impedance equiva-
lent value calculation section 34, a determination section
35, a transmission voltage output section 36, a transmis-
sion voltage and frequency setting section 37, a set
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frequency and transmission level determination section
38, and a noise measurement section 39. Each of the
functional sections constituting the processing apparatus
30 can be formed of a circuit section that processes
signals to realize the function thereof and/or a calculation
processing section that realizes the function thereof by
means of software.
[0032] The transmission voltage waveform acquisition
section 31 acquires the waveform (transmission voltage
waveform) of the transmission voltage of the AC signal to
be transmitted to the rails in the detection segment T1 via
the transmission cable. The transmission current wave-
form acquisition section 32 acquires the waveform (trans-
mission current waveform) of the transmission current
measured by the current sensor 20. The quadrature
detection circuit section 33 performs quadrature detec-
tion of the transmission voltage waveform and the trans-
mission current waveform and then outputs the ampli-
tudes of the transmission voltage and the transmission
current and the phase difference of the transmission
current relative to the transmission voltage. The impe-
dance equivalent value calculation section 34 calculates
a real component and an imaginary component, based
on the amplitudes of and phase difference between the
transmission voltage and the transmission current output
from the quadrature detection circuit section 33; each of
the real component and the imaginary component ex-
presses an impedance equivalent value of the track
circuit with a complex number. The impedance equiva-
lent value calculation section 34 may correspond to an
example of a calculation section. Details of the impe-
dance equivalent value of the track circuit will be de-
scribed later.
[0033] The determination section 35 determines the
presence of a train on the rails and a state of the rails,
based on the values of the real component and imaginary
component of the impedance equivalent value calculated
by the impedance equivalent value calculation section
34. Details of how to determine the presence of a train on
the rails and a state of the rails will be described later.
[0034] The transmission voltage output section 36 out-
puts, to the transmitter 10, the transmit voltage set by the
transmission voltage and frequency setting section 37.
The transmission voltage and frequency setting section
37 controls the transmission voltage of the transmission
voltage output section 36 in such a way that the transmis-
sion level of the AC signal becomes equated with that
determined by the set frequency and transmission level
determination section 38. In addition, the transmission
voltage and frequency setting section 37 controls the
turn-on/turn-off of a transmission switch in the transmitter
10 in such a way that the set frequency of the AC signal
becomes equated with that set by the set frequency and
transmission level determination section 38. The set
frequency and transmission level determination section
38 determines the frequency and transmission level of
the AC signal to be transmitted to the rails, based on noise
(return noise) measured by the noise measurement sec-

tion 39. The noise measurement section 39 measures
noise (return noise) generated on the rails of the track
circuit. Details of how to measure the noise and set the
frequency and level of the AC signal will be described
later.

[On-rail train presence determination]

[0035] How to determine the presence of a train on the
rails with the determination section 35. Each of FIGs. 2A,
2B, and 2C is a diagram illustrating an equivalent circuit
when the detection segment T1 is regarded as the track
circuit and illustrates the equivalent circuit depending on
whether a train is present or absent on the rails and a
location at which the train is present on the rails. FIG. 2A
illustrates the equivalent circuit when no train is present
on the rails. FIG. 2B illustrates the equivalent circuit
immediately after the train has entered the detection
segment T1 (at an on-rail location L2 in FIG. 1). FIG.
2C illustrates the equivalent circuit when the train enters
(reaches) the transmission point (an on-rail location L3 in
FIG. 1). It should be noted that the rail is in a normal state
(no abnormality has occurred) in this case. The synthetic
impedance of this equivalent circuit is equivalent to the
impedance of the track circuit as viewed from the trans-
mission point of the AC signal.
[0036] As illustrated in FIG. 2A, when no train is pre-
sent on the rails, the equivalent circuit of the track circuit is
formed of inductance components La and series resis-
tance components Ra of the rails, capacitance compo-
nents C between the rails, and leakage conductance
components G (= 1/Rb). As illustrated in FIG. 2B, im-
mediately after the train has entered the detection seg-
ment T1, the equivalent circuit of the track circuit is
formed of the inductance components La and the series
resistance components Ra of the rails in the detection
segment T1, the capacitance components C between the
rails, the leakage conductance components G (= 1/Rb),
and an impedance Rv generated by the axle shorting.
[0037] In the present embodiment, the track circuit is
an uninsulated track circuit. Thus, when being trans-
mitted to the rails via the transmission point, the AC signal
also propagates to another segment adjacent to the
detection segment T1. In this case, even in a state where
the train has not yet reached the detection segment T1,
the axle-shorting impedance Rv is not negligible as long
as the train is approaching a certain distance. After the
train has exited the detection segment T1, the axle-short-
ing impedance Rv is not still negligible until the train
moves a certain distance away. The range in which the
axle-shorting impedance Rv is not negligible (the range
that the AC signal reaches) is referred to as the detect-
able range. In short, the detectable range corresponds to
a range defined by extending the detection segment T1 in
the front-back directions along the rails. Furthermore, the
individual circuit elements of the track circuit (the induc-
tance components La and the series resistance compo-
nents Ra of the rails, the capacitance components C
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between the rails, and leakage conductance compo-
nents G (= 1/Rb)) each depend on the distance from
the transmission point of the AC signal to the axle-short-
ing location (the location of the train present on the rails).
More specifically, each circuit element is maximum when
no train is present on the rails and then gradually de-
creases as the train is approaching the transmission
point of the AC signal.
[0038] As illustrated in FIG. 2C, when the train enters
the transmission point, the equivalent circuit of the track
circuit is formed of the axle-shorting impedance Rv alone.
In this case, since the distance from the transmission
point to the axle-shorting location is very short, each of
the inductance components La and the series resistance
components Ra of the rails, and the capacitance compo-
nents C between the rails has a very small value, but each
leakage conductance component G (= 1/Rb) has a very
large value. Consequently, the equivalent circuit of the
track circuit changes with the running of the train in the
detection segment T1. More specifically, the impedance
of the track circuit changes.
[0039] FIG. 3 illustrates an overview of the transmis-
sion voltage waveform and transmission current wave-
forms of the AC signal to be transmitted to the rails. FIG. 3
illustrates a transmission voltage waveform and trans-
mission current waveforms, with the horizontal axis re-
presenting the time and the vertical axis representing the
level. In this case, the transmission voltage waveform is
unchanged, and FIG. 3 illustrates the transmission cur-
rent waveforms when no train is present on the rails and
when the train enters the transmission point (on-rail train
location L3).
[0040] As illustrated in FIGs. 2A, 2B, and 2C, the
equivalent circuit of the track circuit in the detection
segment T1 changes with the running of the train from
the entry point of the detection segment T1 to the exit
point thereof. In short, since the impedance of the track
circuit as viewed from the transmission point of the AC
signal changes, the transmission current waveform
changes relative to the transmission voltage waveform.
More specifically, as the train is approaching the trans-
mission point after having entered the detection segment
T1, the phase of the transmission current waveform is
shifted in the opposite phase direction relative to the
transmission voltage waveform,and the level (amplitude)
of the transmission current waveform increases. In short,
the amplitude (level) and phase of the transmission cur-
rent waveform vary with the change in the impedance of
the track circuit. From this, the amplitudes of the trans-
mission voltage waveform and the transmission current
waveform and the phase difference of the transmission
current waveform relative to the transmission voltage
waveform can be regarded as a value (impedance
equivalent value) equivalent to the impedance of the
track circuit.
[0041] In the present embodiment, the quadrature de-
tection circuit section 33 performs the quadrature detec-
tion of the transmission voltage waveform and the trans-

mission current waveform and then outputs the ampli-
tudes of the transmission voltage waveform and the
transmission current waveform and the phase difference
therebetween. Based on the amplitudes and the phase
difference, the impedance equivalent value calculation
section 34 then calculates the real component and ima-
ginary component, which express the impedance
equivalent value of the track circuit with complex num-
bers.
[0042] FIG. 4 is a diagram illustrating a varying impe-
dance equivalent value of the track circuit during the
running of the train in the detection segment T1 . More
specifically, FIG. 4 is a diagram illustrating the plot points
of impedance equivalent values in the Cartesian coordi-
nate system (complex plane), with the axes representing
the real component and the imaginary component. More-
over, FIG. 4 illustrates variations (trajectory) in the plot
points of the impedance equivalent values of the track
circuit during the period in which the train is not present,
then enters the detection segment T1, and exits there-
from.
[0043] As illustrated in FIGs. 2A, 2B, and 2C, the im-
pedance equivalent value of the track circuit varies in an
analog fashion with the change in the location of the train
on the rails (i.e., the axle-shorting location on the rail). As
a result, the variations in the locations of the plot points of
the impedance equivalent value also draw a continuous
trajectory. More specifically, when no train is present on
the rails, both the real component and imaginary compo-
nent of the impedance equivalent value of the track circuit
have positive values, in which case the location P1 of the
plot point is positioned within the first quadrant. The
location P1 of the plot point is substantially fixed as long
as the rail is in a normal state.
[0044] When the train enters the detectable range, the
impedance of the track circuit changes with the change in
the location of the train on the rails (i.e., the axle-shorting
location on the rail). As a result, the location of the plot
point of the impedance equivalent value gradually
changes from the location P1. In short, as the distance
between the transmission point of the AC signal and the
axle-shorting location gradually shortens, the values of
the real component and imaginary component of the
impedance equivalent value gradually decrease. As a
result, the location of the plot point of the impedance
equivalent value changes in the direction toward (ap-
proaching) the origin O in the Cartesian coordinate sys-
tem. A location P2 corresponds to the location of the plot
point of the impedance equivalent value immediately
after the train has entered the detection segment T1
(location L2 in FIG. 1).
[0045] Continuing the above, when the train enters the
transmission point (on-rail location L3 in FIG. 1), the
location of the plot point of the impedance equivalent
value coincides with a location P3 near the origin O. After
the train has exited from (passed through) the transmis-
sion point, the plot point of the impedance equivalent
value changes in the order opposite to the previous one
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so as to gradually return to the location P1. Therefore, by
detecting that the plot point starts to be displaced toward
the location P1 after the plot point has been closest to the
origin O (or the location very near the origin O), the track
circuit apparatus 1 can determine that the train has exited
from the transmission point. In this case, the track circuit
apparatus 1 can determine in which direction relative to
the transmission point the train is running, based on
whether the plot point is displaced toward or away from
the origin O.
[0046] As described above, the track circuit apparatus
1 can determine whether a train is present or absent on
the rails in the detection segment T1, from the change in
the plot point of the impedance equivalent value of the
track circuit in the Cartesian coordinate system (complex
plane) with the axes representing the real component
and the imaginary component. When the plot point co-
incides with the location P1, the track circuit apparatus 1
determines that a train is not present (is absent) on the
rails. When the plot point starts to change from the loca-
tion P1 toward the origin O, the track circuit apparatus 1
determines that the train is approaching the detection
segment T1. When the plot point coincides with the
location P2, the track circuit apparatus 1 determines that
the train has entered the detection segment T 1, namely,
that the train is present on the rails. If the plot point is
displaced from the location P2 to the location P3 (origin
O) and then returns to the location P2 again, the track
circuit apparatus 1 determines that the train has exited
from the detection segment T1, namely, that no train is
present on the rails. After that, when the plot point
changes so as to return to the location P1, the track circuit
apparatus 1 determines that the train that has exited from
the detection segment T1 is moving away. When another
train is newly approaching, the track circuit apparatus 1
can determine whether this train is present or absent on
the rail in the same manner, based on the change in the
location of the plot point of the impedance equivalent
value from the location P1.
[0047] As described above, the track circuit in the
present embodiment is an uninsulated track circuit. Thus,
when being transmitted from the transmission point to the
rail, the AC signal also propagates to an adjacent seg-
ment on the exit side (on the exit side in the running
direction) of the detection segment T1. For this reason,
the track circuit apparatus 1 may determine whether the
train is present or absent on the rails, with the adjacent
segment on the exit side being included in the detection
segment T1. In this case, when the plot point of the
impedance equivalent value is displaced to the location
P3 (origin O) and then further displaced to a location
corresponding to the distance to the adjacent segment,
the track circuit apparatus 1 may determine that the train
has exited from the detection segment T1 (no train is
present).
[0048] The location of the plot point of the impedance
equivalent value in the Cartesian coordinate system
(complex plane) depends on the impedance of the track

circuit, namely, the rail-shorting location (the location at
which the train is present on the rails). Therefore, by
determining in advance the relationship between loca-
tions of the train on the rails (rail-shorting location) and
the locations of the plot points of the impedance equiva-
lent values, for example, through measurement, the lo-
cation of the train present on the rails can be determined,
based on the location of the plot point relative to the
transmission point of the AC signal.
[0049] The trajectory that represents the change in the
plot point of the impedance equivalent value in this Car-
tesian coordinate system (complex plane) has a unique
shape depending on the detection segment. Therefore,
the trajectory along the impedance equivalent value fol-
lows with the running (passing) of the train can be de-
termined in advance when the rails are in a normal (not in
an abnormal) state. The trajectory along which the plot
point of the impedance equivalent value follows when the
rails are in a normal state is referred to as the reference
trajectory.

[Determination of state of rails]

[0050] Next, how to determine a state of the rails with
the determination section 35 will be described. The state
of the rails is determined by comparing the plot point of
the impedance equivalent value and the reference tra-
jectory. The determination of the state of the rails corre-
sponds to the determination of whether the rails are in a
normal (abnormal) state. As an abnormal state of the
rails, an abnormality related to a rail breakage or leakage
conductance is determined.

(A) Rail breakage

[0051] FIG. 5 is a diagram illustrating an example of
plot points of impedance equivalent values in the case of
a rail breakage. FIG. 5 illustrates, together with the re-
ference trajectory, the plot points of impedance equiva-
lent values in the Cartesian coordinate system (complex
plane), with the axes representing the real component
and the imaginary component. As illustrated in FIG. 5, if
the rails are in a normal state, when no train is present on
the rails, the location of the plot point coincides with the
location P1. When a rail breakage occurs, the location of
the plot point changes largely from the location P1. More
specifically, the real component of the impedance
equivalent value is maintained at a positive value, but
the imaginary component is changed to a negative value.
As a result, the location of the plot point transits from the
first quadrant to the fourth quadrant. As the rail breakage
is positioned nearer the transmission point of the AC
signal, both the real component and imaginary compo-
nent of the impedance equivalent value become larger.
As a result, the location of the plot point transits to a
location P4, which is apart from the origin O. FIG. 5
illustrates locations P4‑1 and P4‑2 of the plot points of
the impedance equivalent values in a case of a rail
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breakage at different locations. When the plot point co-
incides with the location P4‑1, the location of a rail break-
age is nearer to the transmission point than when the
location of a rail breakage coincides with the location
P4‑2.
[0052] When a rail breakage occurs, the location P4 of
the plot point of the impedance equivalent value in the
Cartesian coordinate system (complex plane) depends
on the location of the rail breakage. Therefore, by deter-
mining in advance the relationship between a location of
a rail break and the location P4 of the plot point of the
impedance equivalent value, for example, through mea-
surement or calculation, the determination section 35 can
determine the location of a rail breakage from the location
P4 of the plot point.
[0053] As described above, when a rail breakage oc-
curs, the plot point of the impedance equivalent value is
positioned at a location P4, which deviates from the
reference trajectory. However, as illustrated in FIG. 6,
after the train has run beyond the location of the rail
breakage, the location of the plot point of the impedance
equivalent value changes along the reference trajectory
because the rails are shorted by the axle of the train at a
location nearer to the transmission point than the location
of the rail breakage. Therefore, after the plot point has
deviated from the reference trajectory, when the location
of the plot point returns to the reference trajectory and
then changes along the reference trajectory, the deter-
mination section 35 can determine that the location at
which the plot point returns to the reference trajectory is
the location of the rail breakage.

(B) Abnormality related to leakage conductance

[0054] FIG. 7 is a diagram illustrating an example of the
plot point of impedance equivalent value in the case of an
abnormality related to leakage conductance. For clarity,
the change (trajectory) in the plot point of the impedance
equivalent value in the case of an abnormality related to
leakage conductance across the entire rail area is illu-
strated with the bold line. The abnormality related to the
leakage conductance refers to a change in the leakage
conductance components G (= 1/Rb) in the equivalent
circuit of the track circuit illustrated in FIGs. 2A, 2, and 2C.
The abnormality related to the leakage conductance
mainly refers to an increase in the leakage conductance
due to poor insulation between each rail and the ground,
which may be caused by moisture in rain and snow, for
example.
[0055] If an abnormality related to leakage conduc-
tance occurs, the impedance of the track circuit changes
when the train runs (passes) through the detection seg-
ment T1. As a result, the plot point of the impedance
equivalent value in the Cartesian coordinate system
(complex plane) deviates from the reference trajectory.
For example, as the leakage conductance components G
(= 1/Rb) increase, the impedance equivalent value de-
creases because the impedance of the track circuit de-

creases. As a result, the plot point in the Cartesian co-
ordinate system (complex plane) becomes shorter than
the reference trajectory. FIG. 6 illustrates that leakage
conductance is increasing throughout the rails; the
change in the location of the plot point of the impedance
equivalent value with the passing of the train draws a
trajectory shorter than the reference trajectory, as indi-
cated by the bold line. However, even if an abnormality
related to leakage conductance occurs, the location of
the plot point changes toward the origin O of the Carte-
sian coordinate system with the running of the train, as in
the case of the normal state.
[0056] As the leakage conductance becomes larger,
the trajectory of the plot point becomes shorter than the
reference trajectory. In this case, the location P1 of the
plot point when the train is not present on the rails (when
no train is present in the detectable range) is positioned
nearer the location P2 of the plot point when the train
enters the detection segment T1. Therefore, when the
plot point is positioned near the location P2 on the re-
ference trajectory, it is difficult to distinguish whether the
reason why this plot point is positioned at the location P1
near the location P2 is that no train is present on the rails
but the leakage conductance has increased or that no
abnormality related to leakage conductance occurs but
the train has entered the detection segment T1. Conse-
quently, it is difficult to determine whether the train is
present or absent on the rails. In particular, it is difficult to
determine the change in the plot point from the location
P1 at which no train is present on the rails to the location
P2 at which the train enters the detection segment T1.
[0057] In the present exemplary embodiment, the leak-
age conductance of the track circuit is simply a circuit
element in the track circuit. When the train is present at
the transmission point on the rail, the impedance as
viewed from the transmission point is formed of the
axle-shorting impedance Rv alone, as illustrated in FIGs.
2A, 2B, and 2C. In this case, the impedance is substan-
tially unchanged. Therefore, when the plot point is posi-
tioned at the location P1 near the location P2 on the
reference trajectory, the track circuit apparatus 1 can
distinguish whether the train is not present on the rail
but the leakage conductance has increased or no ab-
normality related to leakage conductance occurs but the
train has entered the detection segment T1, based on a
detection result of another track circuit apparatus which
indicates whether the train is present or absent in another
detection segment adjacent to the detection segment T1.
In this way, it is possible to determine whether an ab-
normality related to leakage conductance has occurred.
[0058] As illustrated in FIG. 8, another track circuit
apparatus 1B is installed so as to cover a detection
segment T2, which is disposed adjacent to the entry side
(the entry side in the running direction) of the detection
segment T1 . As described above, the track circuit in the
present embodiment is an uninsulated track circuit. Thus,
when being transmitted from the transmission point to the
rail, the AC signal also propagates to another segment
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adjacent to the exit side (on the exit side in the running
direction) of the detection segment. For this reason, in
FIG. 8, the detection segment for the track circuit appa-
ratuses includes two segments arranged in a row in front
of and in back of each transmission point. More specifi-
cally, the track circuit apparatus 1 covers, as the detection
segment T 1, two detection segments T1a and T1b in
front of and in back of a transmission point thereof (loca-
tion L3), whereas the track circuit apparatus 1B covers,
as the detection segment T2, two detection segments
T2a and T2b in front of and in back of a transmission point
thereof (location L1). The level of the AC signal to be
transmitted by the track circuit apparatus 1 to the trans-
mission point (location L3) is designed so that the de-
tectable range contains the transmission point (location
L1) of the track circuit apparatus 1B.
[0059] In the above case, when a train is present on the
rails at the transmission point (location L1) of the track
circuit apparatus 1B, the track circuit apparatus 1B can
determine that the train is present at the transmission
point (location L1), based on the magnitude of the im-
pedance as viewed from the transmission point (location
L1). Then, the track circuit apparatus 1 can determine
whether an abnormality related to leakage conductance
has occurred by comparing the magnitude of the impe-
dance as viewed from the transmission point (location
L3) at that time with the magnitude of the impedance in
the normal state (where no abnormality related to leak-
age conductance has occurred). In this case, when the
leakage conductance increases, the magnitude of the
impedance decreases.
[0060] When an abnormality related to leakage con-
ductance occurs not in the entire rails but in a portion of
the rails, the track circuit apparatus 1 can determine the
location of the abnormality related to leakage conduc-
tance, from the change in the location of the plot point of
the impedance equivalent value with the running of the
train. Thus, when an abnormality related to leakage
conductance occurs, the plot point of an impedance
equivalent value is positioned at a location deviating from
the reference trajectory, as in the case of a rail breakage.
However, after the train has passed through the location
of the abnormality related to leakage conductance, the
rail is shorted by the axle of the train at a location closer to
the transmission point than the abnormal location. There-
fore, the location of the plot point of the impedance
equivalent value changes along the reference trajectory.
Thus, after a plot point has deviated from the reference
trajectory, when a plot point returns to the reference
trajectory and then changes along the reference trajec-
tory, the track circuit apparatus 1 can determine that the
location at which the plot point has returned to the re-
ference trajectory is the location of an abnormality related
to leakage conductance.

(C) Tolerance fluctuation range

[0061] The determination section 35 determines a

state of the rails (whether the rails are normal or not)
by comparing the location of the plot point of the impe-
dance equivalent value in the Cartesian coordinate sys-
tem (complex plane) with the reference trajectory. Actu-
ally, however, the location of the plot point of the impe-
dance equivalent value is not always positioned perfectly
on the reference trajectory even when the rail is in a
normal state. The main reason is that, since the rails
are installed outdoors, the leakage conductance and
capacitance components between the rails are slightly
fluctuated by the influence of temperature, humidity, rain-
fall, or snowfall, for example. For this reason, as illu-
strated in FIG. 9, a tolerance fluctuation range, which
is an allowable range of fluctuations of the impedance
equivalent value at the location P1 on the reference
trajectory, is defined for the reference trajectory. FIG. 9
illustrates the tolerance fluctuation range for the location
P1; the tolerance fluctuation range for the location P1
corresponds to the area indicated by the dashed line
surrounding the location P1. If the location of the plot
point of an impedance equivalent value is outside this
tolerance range, the track circuit apparatus 1 determines
that some abnormality has occurred or an indication of
the abnormality has appeared. Examples of such ab-
normalities or indications include a rail breakage or an
abnormality related to leakage conductance, as de-
scribed above.

[Transmission of AC signal]

[0062] Next, how to transmit an AC signal will be de-
scribed. In the present embodiment, the processing ap-
paratus 30 transmits an AC signal interruptedly (inter-
mittently). This interrupted transmission of the AC signal
is achieved by controlling the transmission voltage with
the transmission voltage output section 36.
[0063] During an idle period in which the AC signal is
not transmitted, the transmission voltage and frequency
setting section 37 turns off the transmission switch of the
transmitter 10 or halts the output thereof, whereas the
noise measurement section 39 measures noise (return
noise) of the rails. Then, the set frequency and transmis-
sion level determination section 38 performs a frequency
analysis process, such as a fast Fourier transformation
(FFT) process, on the noise (return noise) measured by
the noise measurement section 39, thereby determining
the level and frequency of the noise (return noise). After
that, the set frequency and transmission level determina-
tion section 38 sets the set frequency and set transmis-
sion level of the AC signal to a frequency and level that do
not interfere with noise (return noise).
[0064] By transmitting the AC signals interruptedly
(intermittently), the transmission power can be reduced,
so that the track circuit apparatus 1 can save even more
energy. Furthermore, the AC signal is transmitted at an
optimal transmission level according to noise levels (re-
turn noise) of the rails, so that the track circuit apparatus 1
can further save energy. The track circuit apparatus 1 can
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also transmit an AC signal to the rails at an optimal
frequency that does not interfere with frequencies other
than that of the return noise of the rails, so that the AC
signal does not affect other signals flowing through the
rails.

[Function and effect]

[0065] According to the present embodiment, it is pos-
sible to realize a track circuit apparatus 1 that is quite
different in principle from conventional track circuit appa-
ratuses. More specifically, the impedance of the track
circuit as viewed from the transmission point of the AC
signal changes depending on whether a train is present
or absent on the rails. With this impedance change, the
amplitudes of and phase difference between the trans-
mission voltage and the transmission current are varied.
Therefore, the impedance equivalent value of the track
circuit can be determined from the amplitudes of and
phase difference between the transmission voltage and
the transmission current. Then, the presence of a train on
the rails can be determined based on the real component
(resistance component) and imaginary component (re-
actance component), both of which express the impe-
dance equivalent value with complex numbers. Since the
presence of a train can be determined based on the
transmission voltage and transmission current of the
AC signal transmitted to the rails, no receiver is neces-
sary, and there is no need to transmit a signal with a
constant signal level at the reception point, thereby suc-
cessfully reducing the transmission power. As a result, it
is possible to realize an energy-saving track circuit ap-
paratus 1. Moreover, since no receiver is necessary, it is
possible to provide a further effect in which the number of
components can be made smaller than that of conven-
tional track circuit apparatuses.

[Modifications]

[0066] Exemplary embodiments to which the present
disclosure is applicable are not limited to the foregoing
exemplary embodiment and can be modified as appro-
priate without deviating from the spirit of the present
disclosure.

(A) Scanning system

[0067] In the foregoing exemplary embodiment, the
track circuit apparatus 1 transmits an AC signal to a single
detection segment T1; however, the track circuit appa-
ratus 1 may also sequentially transmit an AC signal to a
plurality of detection segments in a switching manner, in
other words, may employ a so-called scanning system.
[0068] FIG. 10 is a diagram illustrating an example of a
scanning type of track circuit apparatus. As illustrated in
FIG. 10, a scanning type of track circuit apparatus 1A
further includes a switching switch group 18, which is a
set of switching switches through which an AC signal is to

be transmitted to each of transmission points in a plurality
of detection segments T1, T2, and so on. A processing
apparatus 30A outputs, to the switching switch group 18,
a switching signal for use in selecting one of the switching
switches which is related to a detection segment (one of
the detection segments T1, T2, and so on) to which the
AC signal is to be transmitted and controlling the turn-on
of this switching switch. Then, the AC signal is trans-
mitted to the selected detection segment. In FIG. 10, two
segments in front of and in back of a transmission point,
which is the boundary of a track circuit, are used as one
detection segment. The level of the AC signal to be
transmitted to the transmission point is expected to be
designed so that the transmittable range for one detec-
tion segment contains the transmission points of adja-
cent detection segments. It is thereby possible to selec-
tively switch between the detection segments to which
the AC signal is to be transmitted while tracking a train,
with the exception of the entry-side detection segment of
the track circuit apparatus 1A. In this case, the frequency
of the AC signal to be transmitted may be switched in
accordance with the detection segments T1, T2, and so
on.

(B) Insulated track circuit

[0069] The exemplary embodiment has been de-
scribed in the case where the track circuit is an uninsu-
lated track circuit; however, the track circuit may also be
an insulated track circuit. FIG. 11, which corresponds to
FIG. 4, is a diagram illustrating an example of the trajec-
tory of the plot points of impedance equivalent values of
the track circuit in the Cartesian coordinate system (com-
plex plane) in the case where a detection segment T1
illustrated in FIG. 1 is an insulated track circuit. In the case
of the insulated track circuit, the AC signal flows only
through the detection segment T1 and does not flow
through adjacent segments accordingly. Thus, as illu-
strated in FIG. 11, the plot point is maintained at a location
P1 until a train has entered a detection segment T1.
Immediately after the train has entered the detection
segment T1 (on-rail location L2), the location of the plot
point transits to a location P2. After that, as in the case of
the uninsulated track circuit, the location of the plot point
changes in an analog fashion from the location P2 to a
location P3 (origin O) with the running of the train. When
the train enters (arrives at) the transmission point, the
location of the plot point transits to a location P3 (origin
O). Immediately after the train has exited from (passed
through) the transmission point and exits from the detec-
tion segment T1, the location of the plot point transitions
to the location P1.
[0070] It should be noted that the detection segment T1
may be formed of two segments arranged in a row in front
of and in back of the transmission point. In this case, after
the train has exited from (passed through) the transmis-
sion point, the location of the plot point of the impedance
equivalent value changes from the location P3 (origin O)
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so as to gradually return to the location P2 in the reverse
order of the previous one. Immediately after the train has
exited from the detection segment T1, the location of the
plot point transits to the location P1.

(C) Poor insulation at boundary of insulated track circuit

[0071] If the track circuit is an insulated track circuit,
poor insulation at the boundary of the track circuit can be
further determined as a state of the rails. Poor insulation
at the boundary of the track circuit may be caused by
foreign matter deposited on an insulating material or
deterioration of the insulating material.

(D) Trajectory drawn by multiple train passages

[0072] The trajectories of impedance equivalent va-
lues generated by multiple train passages may be ac-
quired and collected. Then, the trajectories drawn by
these passages may be compared together to determine
an abnormality on the rails or an indication of the abnorm-
ality. Alternatively, an abnormality on the rails or an
indication of the abnormality may be determined by
comparing the trajectory drawn by a single train passage
with the reference trajectory. The comparison of the
trajectories drawn by multiple passages and the compar-
ison between a single trajectory and the reference tra-
jectory can be made, for example, based on the similarity
calculated by pattern matching, in which each or the
trajectory is regarded as an image, or based on whether
an error rate calculated by the least-squares method, for
example, satisfies a predetermined threshold condition.
Furthermore, data regarding the reference trajectory
stored by a determination section 35 may be updated
based on the change in the locations of plot points when
the state of the rails is considered to be normal.

[REFERENCE SIGNS LIST]

[0073]

1 track circuit apparatus
10 transmitter
20 current sensor
30 processing apparatus
31 transmission voltage waveform acquisition sec-
tion
32 transmission current waveform acquisition sec-
tion
33 quadrature detection circuit section
34 impedance equivalent value calculation section
35 determination section
36 transmission voltage output section
37 transmission voltage and frequency setting sec-
tion
38 set frequency and transmission level determina-
tion section
39 noise measurement section

Claims

1. A track circuit apparatus comprising:

a calculation section that calculates an impe-
dance equivalent value, based on amplitudes of
a transmission voltage and a transmission cur-
rent of an alternating current signal transmitted
from a transmission section to a rail and a phase
difference between the transmission voltage
and the transmission current; and
a determination section that determines pre-
sence of a train on the rail, based on values of
a real component and an imaginary component
of the impedance equivalent value.

2. The track circuit apparatus as defined in claim 1,
wherein the determination section determines a lo-
cation of the train present on the rail relative to a
transmission point of the alternating current signal
from the transmission section.

3. The track circuit apparatus as defined in claim 2,
wherein the determination section determines the
location of the train present on the rail relative to the
transmission point, based on a plot point of the
impedance equivalent value in a coordinate system
with axes representing the real component and the
imaginary component.

4. The track circuit apparatus as defined in claim 3,
wherein the determination section determines the
location of the train present on the rail, based on a
location of the plot point along a predetermined
reference trajectory in the coordinate system.

5. The track circuit apparatus as defined in any one of
claims 1 to 4, wherein the determination section
determines a state of the rail, based on the values
of the real component and the imaginary component
of the impedance equivalent value.

6. The track circuit apparatus as defined in claim 5,
wherein the determination section determines a lo-
cation of an abnormality on the rail relative to the
transmission point of the alternating current signal
from the transmission section.

7. The track circuit apparatus as defined in claim 4,
wherein, when the plot point deviates from the re-
ference trajectory, the determination section deter-
mines a location of an abnormality on the rail related
to leakage conductance and/or a rail breakage,
based on the deviating location.

8. The track circuit apparatus as defined in any one of
claims 1 to 7, wherein the determination section
determines whether a rail breakage has occurred,
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based on a sign of a value of the imaginary compo-
nent.

9. The track circuit apparatus as defined in claim 8,
wherein the determination section determines a lo-
cation of the rail breakage relative to the transmis-
sion point of the alternating current signal from the
transmission section, based on the values of the real
component and the imaginary component of the
impedance equivalent value.

10. The track circuit apparatus as defined in any one of
claims 1 to 9, wherein the determination section
determines an abnormality on the rail or an indication
of the abnormality, based on whether a plot point of
the impedance equivalent value in a coordinate sys-
tem with axes representing the real component and
the imaginary component is outside a tolerance
fluctuation range of the impedance equivalent value,
the tolerance fluctuation range being defined in ac-
cordance with a distance from the transmission point
of the alternating current signal from the transmis-
sion section.

11. Anon-rail train presence determination method com-
prising:

measuring a transmission voltage and a trans-
mission current of an alternating current signal
transmitted from a transmission section to a rail;
calculating an impedance equivalent value,
based on amplitudes of the transmission voltage
and the transmission current and a phase dif-
ference between the transmission voltage and
the transmission current; and
determining presence of a train on the rail,
based on values of the real component and
the imaginary component of the impedance
equivalent value.
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