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(D511 Emlha )IGT); Allrltdrea A track circuit for railway systems or the like includes a track 
lovannuccl’ O Ogna ( ) segment of predetermined length electrically insulated from 

. _ an adjacent track segment by an electric joint, which includes 
(73) Asslgnee' FclglRgvlARlA SPA’ a conductor and forms two loops arranged in a longitudinal 

avlg lano ( ) ( ) S-shape within the space between the rails. Units are provided 
_ that transmit and receive electric signals and that are opera 

(21) Appl' NO" 12/968’681 tively coupled with the electric joints. The transmitting/re 
_ _ ceiving units include a unit transmitting and receiving a high 

(22) Flled' Dec‘ 15’ 2010 frequency signal to detect a train on the a track segment, and 
_ _ _ _ _ a unit transmitting and receiving a low-frequency signal 

(30) Forelgn Apphcatlon Pnonty Data which provides the carrier encoded with information to be 
transmitted to a train-based receiving unit. Units are further 

Dec. 21, 2009 (EP) ................................ .. 094255189 provided that enable/disable the high_ frequency Signal trans_ 

P bl_ _ Cl _? _ mitting/receiving units, and units that enable/ disable the low 
“ lcatlon assl canon frequency signal transmitting/receiving units, which are 

(51) Int, Cl, alternately actuated. The electric joint includes an internal 
B61L 25/02 (200601) impedance disposed between the two loops. 

1 12 1 1 23 12 M 7 

A 4 452 “ . j 2‘ v " 

\ > > 

BF 

5 /“/ A 
T 21 . 

6/\/ 111 6/\/ 1'21 6m 

f’ 51 ‘I 41 31 5 51 

/ 3 J J a 

V} ‘ 3, AL} i1 ti {TA/42 

l $22 H w; //7 52 /’ 52 
3 42 4 3 4 



Patent Application Publication Jun. 23, 2011 Sheet 1 0f 6 US 2011/0147535 A1 

Fig. ‘I 



Patent Application Publication Jun. 23, 2011 Sheet 2 0f 6 US 2011/0147535 A1 

4 3 
Fig. 2a 

42 



Patent Application Publication Jun. 23, 2011 Sheet 3 0f 6 US 2011/0147535 A1 

4 3 
Fig. 2b 

42 



Patent Application Publication Jun. 23, 2011 Sheet 4 0f 6 US 2011/0147535 Al 



Patent Application Publication Jun. 23, 2011 Sheet 5 0f 6 US 2011/0147535 A1 

N 

v" N 
(N N 

m .3‘ Q I i I m 

. 

“06d '- mm “ 

C") 
N v 

(\I 

(U 
0'') 

2?) 
LL. 



Patent Application Publication Jun. 23, 2011 Sheet 6 0f 6 US 2011/0147535 A1 

i .5 N: 



US 2011/0147535 A1 

TRACK CIRCUIT 

FIELD OF THE INVENTION 

[0001] The present invention relates to a track circuit for 
railway systems or the like, Which includes a track segment of 
predetermined length, electrically insulated from adjoining 
segments by electric joints, each comprising a conductor. The 
electric joints connect together the rails at the ends of the track 
segments and form tWo curves arranged in an S-shape, in the 
space betWeen the rails, With the S lying in the direction of the 
track axis and having arms extending in the direction of the 
track, arranged along the inner sides of the rails. 
[0002] Means that transmit and receive electric signals are 
also provided, Which are associated With the electric joints, so 
that one joint is alternately connected With the transmitting or 
receiving means of its track segment and the transmitting or 
receiving means of the adjacent track segment, and each 
electric joint forms the start of its track segment and the end 
of the previous track segment. 
[0003] The transmitting and receiving means also include 
ground-based ?xed means for transmitting and receiving a 
high-frequency signal for detection of a train Within the track 
segment, and ground-based ?xed means for transmitting and 
receiving a loW-frequency signal Which constitutes the carrier 
encoded With the information to be transmitted to train-based 
receiving units. These signals are transmitted from the 
ground-based means to the train-based means through the 
rails of the track segment When the train runs on it. 

BACKGROUND OF THE INVENTION 

[0004] Track circuit design must account for several needs, 
Which may be in contrast With one another. While on the one 
hand mechanical discontinuities Within the rails are undes 
ired, on the other hand electric separation betWeen track 
circuits is required for detecting train position and for asso 
ciating each segment With a given information set Which 
generally changes according to the track circuit With to it is 
related. This balance is achieved With the help of electric 
joints, Which con?ne the information transmitted through the 
track to the corresponding particular track segment. Proper 
consideration should be also given to providing track seg 
ments of a given length, While maintaining a loW transmission 
poWer, and to ensuring that the transmitted signal Will not be 
attenuated due to the loW transmission poWer to such an 
extent as to be unreadable When received. 

[0005] The track circuit should operate at such frequencies 
to be unaffected by traction currents, but the usable frequency 
bands should also be Wide enough to alloW transmission of a 
large amount of information. 
[0006] Patent EP 771711 B1 discloses a track circuit 
adapted to transmit information from ground-based units to 
train-based units through the rails of each isolated track seg 
ment, as the train runs on it. The track segments are electri 
cally insulated using S-shaped electric joints, With a compen 
sation netWork composed of capacitors associated With each 
track circuit. The addition of such a netWork of capacitors 
improves the reliability of the electric joint in transmitting the 
signal used for train detection through the rails of each track 
segment While increasing the length of each track segment, 
and ensures effective con?nement of the poWer associated 
With each track segment and the transmission of a very large 
amount of data While still maintaining a high safety level. 
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[0007] Nevertheless, the track circuit disclosed in EP 
771711 B1 only operates at high frequencies, i.e. in the audio 
frequency range from 2 to 20 kHZ, and is not suitable for loW 
frequencies, Which are generally used in railWay applications 
to transmit codes from the rails to train-based receiving 
means. TWo frequency modulations are usually applied to 
alternate currents, at 50 HZ and 178 HZ, in order to enable 
transmission of a larger number of codes, thereby improving 
safety by providing more complete information to the trains 
in a shorter time. 
[0008] Therefore, there exists a yet unful?lled need for a 
track circuit that, by means of simple and inexpensive 
arrangements, can use electric joints, associated to track seg 
ments, Which can transmit and receive both high and loW 
frequency signals, thereby alloWing both train detection in a 
track segment by the use of high frequencies, and transmis 
sion of codes from the track segments rails to the train and/or 
vice versa by using loW frequencies. 

SUMMARY OF THE INVENTION 

[0009] The invention ful?ls the above purposes by provid 
ing a track circuit, in Which there are means con?gured to 
enable/disable the transmission and reception of high-fre 
quency signals, and means con?gured to enable/disable the 
transmission and reception of loW-frequency signals, these 
means being actuated alternately. 
[0010] In a variant embodiment, only a single type of 
means con?gured to enable/ disable is used for both high and 
loW-frequency signals, but the enabling/disabling state is still 
alternated, Which means that When loW-frequency communi 
cation is enabled, the high-frequency communication is dis 
abled and vice versa. 
[0011] Moreover, each electric joint uses internal imped 
ance betWeen the tWo loops. 
[0012] The addition of impedance in the electric joint, and 
particularly of capacitive type impedance, enables the track 
circuit to operate both at high frequency to detect a train in a 
track segment, and at loW frequency to transmit codes from 
the track segment rails to the train. 
[0013] This is made possible by the added impedance, 
Which prevents short circuits betWeen the rails of the electric 
joint When loW-frequency signals are transmitted into the 
track circuit and Which maintains at a negligible level the 
signal loss introduced When high-frequency signals are trans 
mitted into the track circuit. 
[0014] In one embodiment, the track circuit of the present 
invention uses high-frequency signals in the audio -frequency 
range, from 2 to 20 kHZ, and loW-frequency signals from 50 
to 178 HZ The loW-frequency signals may be introduced into 
the track circuit using the cable that is used for transmission of 
audio-frequencies, by direct injection into the rails. 
[0015] There is no directivity in the transmission of loW 
frequency signals in the range of 50 to 178 HZ, i.e. the poWer 
introduced into the rails is symmetrically distributed When 
the train is far aWay and as the train approaches the injection 
point, poWer increases in the direction of the train. 
[0016] Moreover, the use of analog-to-digital converters 
and digital-to -analog converters at the output of the transmit 
ting means and at the input of the receiving means respec 
tively, alloWs the transmitted and received signals to be 
encoded as digital signals, adding robustness to the transmit 
ted signals. 
[0017] For a proper operation of each electric joint and 
hence of a track circuit constructed according to the prin 
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ciples of the present invention, the enabling/disabling means 
are con?gured to enable the high-frequency signal transmit 
ting and receiving means and the loW-frequency signal trans 
mitting and receiving means alternately. Thus, When a train is 
detected Within the track circuit, the enabling/disabling 
means enable the loW-frequency signal transmitting and 
receiving means and disable the hi gh-frequency signal trans 
mitting and receiving means such to alloW transmission of 
track codes to the train. 

[0018] Conversely, When no train is detected Within said 
track circuit, the enabling/disabling means disable the loW 
frequency signal transmitting and receiving means and enable 
the high-frequency signal transmitting and receiving means 
to alloW train detection Within the track segment, When a train 
comes into the corresponding track segment. 

[0019] In one embodiment, operation of the enabling/dis 
abling means is optimiZed by including a control unit in the 
transmitting and receiving means that controls the enabling/ 
disabling means and that sets the enabling/disabling state of 
the transmitting and receiving means in response to a train 
detection signal for the track segment of interest. 
[0020] As described above, the electric joint in a track 
circuit according to the present invention has an S shape 
formed of tWo loops. An impedance, preferably of capacitive 
type, is connected betWeen such tWo loops. In tWo exemplary 
embodiments, such impedance may have different positions. 
[0021] The tWo loops of the joint form tWo oscillatory 
circuits and, in a ?rst embodiment, the impedance may be 
inserted betWeen the tWo oscillatory circuits, i.e. outside the 
resonant loop of the electric joint. Therefore the impedance is 
unaffected by the resonance current of the electric joint and 
provides minimum signal attenuation for the high-frequency 
signal range, although any capacitance drop due to a failure 
Would cause an increase of the current circulating Within the 
electric joint, Which Would be undesired When considering 
the safety requirements that are applicable to railWay appli 
cations and impose a maximum limit to the current circulat 
ing in an electric joint. 

[0022] Therefore, the impedance is located in the middle of 
the conductor that forms the joint and particularly in the 
middle of the central section of said conductor, oriented per 
pendicularly to the tracks. 

[0023] Alternatively, the impedance may be inserted asym 
metrically With respect to the tWo loops of the electric joint. In 
this embodiment, the impedance is placed Within one of the 
tWo oscillatory circuits. This solves the problem associated 
With safety requirements, because it helps in reducing the 
current circulating in the joint in case of capacitance degra 
dation, although a higher attenuation is introduced for the 
range of high-frequency signals, but only in the loop With the 
impedance. 
[0024] In this case, the impedance is placed in the conduc 
tor sections that form the S-shaped joint and are connected to 
one end of said central section perpendicular to the tracks. 

[0025] Regardless of the selected con?guration, additional 
advantages may be obtained by accurately tuning the capaci 
tance value associated With the added impedance. The pur 
pose is to obtain an input current for the receiving means 
Which asymptotically tends to constant values, as a function 
of track segment length. 
[0026] As described above, attenuation of high frequency 
signals should be as loW as possible, but care should be taken 
to avoid dangerous increases in the current circulating in the 
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joint, Which requires the impedance to be tuned according to 
the selected con?guration of the electric joint. 
[0027] Studies and simulations shoW that if the capacitive 
impedance is inserted betWeen the tWo loops of the joint, then 
a capacitance value of about 75 microfarads Will provide an 
input current to the receiving means that asymptotically tends 
to constant value. 
[0028] Conversely, if the capacitive impedance is inserted 
asymmetrically With respect to the tWo loops of the electric 
joint, the capacitance values of the impedance, required to 
obtain an input current for the receiving means that asymp 
tomatically tends to constant value, are about 1000 microfar 
ads. 
[0029] Different embodiments of the invention include a 
variety of features that further improve a track circuit accord 
ing to the invention, as recited in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] These and other features and advantages of the 
invention Will be more apparent from the folloWing descrip 
tion of a feW embodiments shoWn in the accompanying draW 
ings, in Which: 
[0031] FIG. 1 shoWs an embodiment of a track circuit 
according to the present invention; 
[0032] FIGS. 2a to 20 shoW the operation of the track circuit 
of FIG. 1; 
[0033] FIGS. 3a and 3b shoW equivalent circuits of tWo 
possible con?gurations of electric joints for a track circuit 
according to the present invention, Which are illustrated in 
FIGS. 4a and 4b; 
[0034] FIGS. 4a and 4b shoW the electric joints of tWo 
possible con?gurations of the equivalent circuits of FIGS. 3a 
and 3b. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

[0035] Detailed descriptions of embodiments of the inven 
tion are provided herein. It is to be understood, hoWever, that 
the present invention may be embodied in various forms. 
Therefore, the speci?c details disclosed herein are not to be 
interpreted as limiting, but rather as a representative basis for 
teaching one skilled in the art hoW to employ the present 
invention in virtually any detailed system, structure, or man 
ner. 

[0036] FIG. 1 shoWs a track circuit for railWay systems or 
the like, Which comprises tWo adjacent track segments 11 and 
12 of predetermined length, each track segment 11 and 12 
being electrically insulated from the track segment adjacent 
thereto by using electric joints 2 and 2'. 
[0037] Each electric joint 2 and 2' consists of a conductor, 
Which connects together rails 111, 112, 121 and 122 at the 
ends of track segments 11 and 12 and forms tWo loops 21 and 
22 arranged in an S-shape in the space betWeen said rails 111, 
112, 121 and 122. The S lies in the direction of the track axis 
and has arms extending in the direction of the track, arranged 
along the inner sides of rails 111, 112, 121 and 122. There 
fore, each joint de?nes the boundaries of the track circuits for 
adjacent track segments, and referring to FIG. 1 the joint 2 
forms the end of the track segment 11 and the start of track 
segment 12. 
[0038] Still referring to FIG. 1, each joint 2 and 2' has an 
impedance 23 connecting the tWo loops 21 and 22, Which is 
preferably but Without limitation a capacitive impedance. 
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[0039] Each joint has connected thereto a receiving unit (or 
means) for the track segment, of Which the joint is the end, and 
a transmitting unit (or means) for the track segment, of Which 
the joint is the start. FIG. 1 also shoWs transmitting unit (or 
means) 3 and receiving unit (or means) 4, Which are con 
nected upstream and downstream of impedance 23, so that 
receiving means 4 for track segment 11 and transmitting 
means 3 for track segment 12 are connected to the ends of 
impedance 23. 
[0040] In the embodiment shoWn in FIG. 1, a tuning box, 
designated by numeral 6, may be used. 
[0041] Transmitting means 3 and receiving means 4 
include a ground-based ?xed transmitting unit (or means) 31 
and a receiving unit (or means) 41 for transmitting and receiv 
ing a high-frequency signal for detection of a train Within 
track segments 11 and 12, and a ground-based ?xed transmit 
ting unit (or means) 32 and a receiving unit (or means) 42 for 
transmitting and receiving a loW-frequency signal, Which 
constitutes the carrier encoded With the information to be 
transmitted to train-based receiving units (not shoWn). Those 
signals are transmitted from the ground-based means to the 
train-based means through the rails of track segments 11 and 
12, When the train runs on them. 

[0042] High-frequency signal transmitting means 31 and 
receiving means 41 transmit and receive a signal in the audio 
frequency band, preferably at a range of frequencies from 2 to 
20 kHZ, While loW-frequency transmitting means 32 and 
receiving means 42 transmit and receive a signal in the fre 
quency range from 50 to 178 HZ. 

[0043] In one embodiment, the signals transmitted and 
received by transmitting means 3 and receiving means 4 are 
digital signals, in Which case analog-to-digital converter 
means and digital-to-analog reconverter means are provided 
at the output of said transmitting means 3 and at the input of 
receiving means 4. 

[0044] Still referring to FIG. 1, in a preferred embodiment 
of a track circuit according to the present invention, high 
frequency signal transmitting means 31 and receiving means 
41 are combined With enabling/disabling means 51, Which 
enable or disable transmission and reception of the transmit 
ting means 31 and receiving means 41 for the same track 
segment 11 and 12. 

[0045] Likewise, loW-frequency signal transmitting means 
32 and receiving means 42 are combined With enabling/dis 
abling means 52, Which enable or disable transmission and 
reception of transmitting means 32 and receiving means 42 
for the same track segment 11 and 12. 

[0046] Enabling/disabling means 51 and 52 are provided 
alternately to each other, such that if enabling/disabling 
means 51 enable reception and transmission by high-fre 
quency signal transmitting means 31 and receiving means 41, 
loW-frequency signal transmitting means 32 and receiving 
means 42 are disabled by enabling/disabling means 52 and 
vice versa. 

[0047] As described in greater detail in the next ?gures, the 
presence of a train in the track circuit Will cause loW-fre 
quency signal transmitting means 32 and receiving means 32 
to be enabled, and as a result, high-frequency signal transmit 
ting means 31 and receiving means 41 to be disabled. In this 
case, in an embodiment of the track circuit of the present 
invention, a control unit 5 for controlling the enabling/dis 
abling means Will set the enabling/disabling state of high 
frequency transmitting means 31 and receiving means 41, and 
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of loW-frequency transmitting means 32 and receiving means 
42, as a function of the train detection signal for the track 
segment. 
[0048] FIGS. 2a to 20 shoW the operation of a track circuit 
according to the present invention. 
[0049] Inparticular, FIGS. 2a to 20 shoW the track circuit as 
described above, Which consists of tWo adjacent track seg 
ments 11 and 12 of predetermined length, electrically insu 
lated by electric joints 2 and 2'. 
[0050] Electric joints 2 and 2' consist of a conductor, use an 
impedance 23 and are connected to transmitting means 3 and 
the receiving means 4. Transmitting means 3 and receiving 
means 4 include high-frequency signal transmitting means 31 
and receiving means 41, and loW-frequency transmitting 
means 42 and receiving means 32, Whose actuation is con 
trolled by enabling/disabling means 51 and 52. 
[0051] More particularly, FIG. 2a shoWs a condition, in 
Which there is no train in track segments 11 and 12, and in 
Which transmitting and receiving means 3 and 4 for the track 
segment 11 detect no train, and control unit 5 sets the state of 
the enabling/disabling means 51 and 52 for high-frequency 
signal transmitting means 31 and receiving means 41 to be 
enabled, and loW-frequency signal transmitting means 31 and 
receiving means 42 to be disabled. 

[0052] The same state is found in track segment 12, i.e. 
communicationboth in track segment 11 and in track segment 
12 occurs via high-frequency signals, designated as AF, and 
electric joints 2 and 2' can both electrically insulate track 
segments 11 and 12 and alloW such high-frequency commu 
nication Without any signi?cant signal loss. 
[0053] In FIG. 2b, a train 7 comes into the circuit formed by 
track segment 12. In this event, transmitting and receiving 
means 3 and 4 for track segment 11 detect no train and control 
unit 5 sets the state of enabling/ disabling means 51 and 52 for 
high-frequency signal transmitting means 31 and receiving 
means 41 to be enabled, and loW-frequency signal transmit 
ting means 32 and receiving means 42 to be disabled. Such 
system Will still transmit high-frequency signals, designated 
as AF. 

[0054] HoWever, in track segment 12, train 7 shorts by its 
axles rails 121 and 122 and hence is detected by transmitting 
means 3 and receiving means 4. 

[0055] Control unit 5 sets the state of enabling/disabling 
means 51 and 52 for loW-frequency signal transmitting means 
32 and receiving means 42 to be enabled and high-frequency 
signal transmitting means 31 and receiving means 41 to be 
disabled. The circuit for track segment 12 transmits a loW 
frequency signal, designated as BF, Which provides the car 
rier to be encoded With the information to be transmitted to 
the receiving units in train 7, those signals being transmitted 
by ground-based transmitting means 32 to the train-based 
means through rails 121 and 122 of track segment 12. 

[0056] Thus, electric joints 2 and 2' not only electrically 
insulate track segments 11 and 12 but also alloW communi 
cation via loW-frequency signals, through impedance 23, by 
maintaining a short-circuit state betWeen rails 121 and 122. 

[0057] In FIG. 20, train 7 has moved past track segment 12 
and runs on track segment 11. Train 7 no longer shorts rails 
121 and 122, and its absence is detected by transmitting 
means 3 and receiving means 4, Which use control unit 5 and 
enabling/disabling means 51 and 52 to transmit the enabling 
state for high-frequency signal transmitting means 31 and 
receiving means 41, and the disabling state for loW-frequency 
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signal transmitting means 32 and receiving means 42, thereby 
restoring the initial condition for track segment 12 as shoWn 
in FIG. 2a. 
[0058] However, in track segment 11, train 7 shorts by its 
axles rails 111 and 112 and hence is detected by transmitting 
means 3 and receiving means 4. 
[0059] Control unit 5 sets the state of enabling/disabling 
means 51 and 52 for loW-frequency signal transmitting means 
32 and receiving means 42 to be enabled and for high-fre 
quency signal transmitting means 31 and receiving means 41 
to be disabled. The circuit for track segment 11 transmits a 
loW-frequency signal, designated as BF, Which provides the 
carrier to be encoded With the information to be transmitted to 
the receiving units in train 7, those signals being transmitted 
by ground-based transmitting means 32 to the train-based 
means through rails 111 and 112 of track segment 11. 
[0060] Like before, electric joints 2 and 2' not only electri 
cally insulate track segments 11 and 12 but also alloW com 
munication via loW-frequency signals, through impedance 
23, by maintaining a short-circuit state betWeen rails 111 and 
112. 
[0061] Once train 7 completes its run on track segment 11, 
communication occurs in track segments 11 and 12 via high 
frequency signals, thereby restoring the initial state as shoWn 
in FIG. 2a. 
[0062] FIGS. 3a and 3b shoW tWo possible con?gurations 
of electric joints for the track circuit of the present invention. 
[0063] In particular, FIG. 3a shoWs a possible embodiment 
of electric joint 2 for the track circuit of the present invention. 
[0064] The electric joint 2 is composed of tWo half-j oints 21 
and 22 Which form the tWo loops of the S shape of the joint. 
Each half-j oint 21, 22 forms an oscillatory circuit, With a 
capacitive impedance 23 inserted betWeen the tWo oscillatory 
circuits 21 and 22. 
[0065] Thus, impedance 23 is placed outside the resonant 
loop of electric joint 2 and is hence unaffected by the reso 
nance current of the joint. 
[0066] As described above, capacitive impedance 23 of 
FIG. 311 should assume values of about 75 microfarads to 
obtain an input current for the receiving means that asymp 
totically tends to constant values. 
[0067] FIG. 3b shoWs an alternative embodiment of electric 
joint 2. Here, impedance 23 is asymmetrically connected With 
respect to the tWo loops of joint 21 and 22 and hence is placed 
Within one of the tWo oscillatory circuits, in particular, in the 
oscillatory circuit that forms loop 21. 
[0068] Joint 2 as depicted in FIG. 3b should assume values 
of about 1000 microfarads to obtain an input current for the 
receiving means that asymptotically tends to constant values. 
[0069] FIGS. 4a and 4b shoW the electric joints of the tWo 
possible con?gurations of the circuits of FIGS. 3a and 3b. 
[0070] In FIG. 4a, electric joint 2 is composed oftWo half 
joints 21 and 22 that form the tWo loops of the S shape of the 
joint. In this embodiment, an impedance 23 is inserted in a 
middle area of the conductor that forms joint 2 and more 
particularly at the center of the middle section of said con 
ductor, Which is orientedperpendicular to tracks 111 and 112. 
[0071] In FIG. 4b, electric joint 2 is composed oftWo half 
joints 21 and 22 that form the tWo loops of the S shape of the 
joint. In this embodiment, an impedance 23 is inserted in one 
of the tWo conductor sections that form the S-shaped joint and 
that are connected to one end of said middle section of the 
conductor, Which is oriented perpendicular to tracks 111 and 
112. 
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[0072] In FIG. 4b, impedance 23 is located in section 221 
parallel to track 112 of loop 22, although in variant embodi 
ments impedance 23 might be placed either in section 222 
perpendicular to track 112 of loop 22, as shoWn by broken 
lines, and in the section parallel or perpendicular to track 112 
of loop 21. 
[0073] While the invention has been described in connec 
tion With the above described embodiments, it is not intended 
to limit the scope of the invention to the particular forms set 
forth, but on the contrary, it is intended to cover such altema 
tives, modi?cations, and equivalents as may be included 
Within the scope of the invention. Further, the scope of the 
present invention fully encompasses other embodiments that 
may become apparent to those skilled in the art and is limited 
only by the appended claims. 

What is claimed is: 
1. A track circuit for railWay systems or the like compris 

ing: 
a track segment of predetermined length, a plurality of 

track segments forming a rail; 
an electric joint connecting an end of the track segment to 

an end of an adjacent track segment, the electric joint 
comprising a conductor and being con?gured to electri 
cally insulate the track segment from the adjacent track 
segment, the electric joint comprising tWo loops 
arranged in a S-shape and disposed longitudinally in a 
space betWeen rails, the S-shape comprising arms 
extending toWard the rails; 

a transmitting unit Which transmits electric signal and a 
receiving unit each operatively coupled to the electric 
joint, the electric joint having connected thereto the 
transmitting unit and the receiving unit of the track seg 
ment and the transmitting unit and the receiving unit of 
the adjacent track segment; 

a ground-based transmitting unit comprised Within the 
transmitting unit and a ground-based receiving unit 
comprised Within the receiving unit, the ground-based 
transmitting and receiving units being con?gured to 
transmit and respectively receive hi gh-frequency signals 
for detection of a train on the track segment; 

a second ground-based transmitting unit comprised Within 
the transmitting unit and a second ground-based receiv 
ing unit comprised Within the receiving unit, the second 
ground-based transmitting and receiving units being 
con?gured to transmit and respectively receive loW-fre 
quency signals forming a carrier encoded With informa 
tion to be transmitted to a receiving unit in the train, 
Wherein the high- and loW-frequency signals are trans 
mitted from the ground-based units to the train-based 
unit through the rails comprising the track segment 
When the train runs on the track segment; 

an enabling/ disabling unit con?gured to alternately enable/ 
disable the high-frequency signal transmitting and 
receiving units, and an enabling/disabling unit con?g 
ured to enable/disable the loW-frequency signal trans 
mitting and receiving units; and 

an impedance disposed Within the electric joint. 
2. The track circuit of claim 1, Wherein the impedance is of 

a capacitive type. 
3. The track circuit of claim 2, Wherein the high-frequency 

signals are in a frequency range from 2 to 20 kHZ, and 
Wherein the loW-frequency signals are in a frequency range 
from 50 to 178 HZ. 
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4. The track circuit of claim 1, wherein the enabling/dis 
abling units enable the low-frequency signal transmitting and 
receiving units and disable the high-frequency signal trans 
mitting and receiving units When a train is detected Within the 
track circuit, and disable the low-frequency signal transmit 
ting and receiving units and enable the hi gh-frequency signal 
transmitting and receiving units When no train is detected 
Within the track circuit. 

5. The track circuit of claim 1, Wherein transmitting unit 
and receiving units are operatively coupled to a control unit 
con?gured to control the enabling/disabling units, such to set 
an enabling/disabling state of the transmitting and receiving 
units as a function of the train detection signal for the track 
segment. 

6. The track circuit of claim 1, Wherein the track circuit is 
con?gured to encode the transmitted and received signals as 
digital signals. 
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7. The track circuit of claim 1, Wherein the impedance is 
disposed betWeen the tWo loops of the S-shape of the electric 
joint. 

8. The track circuit of claim 1, Wherein the impedance is 
disposed asymmetrically With respect With the tWo loops of 
the S-shape of the electric joint. 

9. The track circuit of claim 1, Wherein a capacitance value 
in each electric joint is determined by a value of the imped 
ance such that current Within the receiving unit asymptoti 
cally tends to constant values in relation to a length of the 
track segment. 

10. The track circuit of claim 1, Wherein capacitance of the 
electric joint is from 50 to 100 microfarads. 

11. The track circuit of claim 1, Wherein capacitance of the 
electric joint is from 800 to 1200 microfarads. 

* * * * * 


