Europaisches Patentamt

o, European Patent Office (i) Publication number: 0 165 048
Office européen des brevets A2

®@ - EUROPEAN PATENT APPLICATION

@ Application number:. 85304144.0 - @ int. c1.%: B 61 L 23/16

@) Date of filing: 12.06.85

Priority: 13.06.84 GB 8415025 (@) Applicant: M.L. ENGINEERING (PLYMOUTH) LIMITED
- M.L. Building 644 Ajax Avenue Trading Estate
Slough S1.1 4BQ(GB)
Date of publication of application:
18.12.85 Bulletin 85/51 @ Inventor: Cross, Peter John
55 Southway Lane Roborough
Designated Contracting States: Nr. Plymouth Devon{GB)

DE FR GB IT SE

Representative: Stephens, Michael John
M.J. Stephens & Co. 46 Tavistock Place
Plymouth PL4 8AX(GB)

Railway track circuit equipment.

@ Track circuit equipment is provided in which the trans-
mitter of each track circuit uniquely identifies its transmis-
sions by impressing an associated data word (38) onto its
transmission using frequency shift keying. The track circuit
receivers are so arranged that in order to output a track clear
signal, a receiver must first have detected on incoming
signals a data word (38} identifying the transmitter belonging
to the same track circuit as the receiver. Each data word (38)
is included in a message structure that also provides a start
sequence (35) and a parity section (39). The data word (38)
includes respective bit groups providing longitudinal and
lateral location information on the related transmitter. Each
data word (38) may also include a bit group providing for an
auxiliary signalling function such as track-to-train signalling.
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RAILWAY TRACK CIRCUIT EQUIPMENT

The present invention relates to railway track-circuit
equipment for detecting the presenbe of a train in a
prédetermined section of track, and in particular,

but not exclusively, to a traction-immune, jointless

track circuit.

As is well known, jointless track circuits serve to
divide continuous track into predetermined sections
for train monitoring purpoées without recourse to
physical interruption of the track. The functional
separation of adjacent track circuits is achieved

by using a.c. track circuit signals of different
frequencies in adjacent track circuits. Figure 1 of
the accompanying drawings diagrammatically illustrates
the layout of a known jointless track circuit
arrangement; each track circuit TC1, TC2, TC3
includes a transmitter tuning unit 2 and a receiver
tuning unit 3 both connected between the railway
running rails 1. The frequéncy f1 of the signals
passed through the rails between transmitter and
receiver units 2 and 3 in track circuit TC2 is
different from the signal frequency £, used by the

two adjacent circuits TC1, TC3. The design and
arrangement of the juxtaposed tuning units 2, 3 of
adjacent track circuits is such that at the two

signal frequencies concerned, they cooperate to define
tuned areas restricting.to-generally'insignificant
levels the signal energy passing from one track circuit
to the other. As a result, it is'possible to use

the same signal freqﬁency for alternate track circuits

so that only two basic signal frequéncies f. and £

1 2

are required.-
]

Where the running rails are used to provide a return

path for a.c. or d.c. traction current, it is of course
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necessary to ensure that the traction current does not
cause erroneous operation of the track circuits.

Since the traction current will contain many

" different frequencies (particularly where solid

state switching is employed) track circuit

“immunity from traction current interference is generally

provided, not by using a particular track circuit

- signal frequency selected not to conflict with

- traction current harmonics, but by freguency shift

10

‘keying (FSK) the track circuit signal between two -

- frequencies closely spaced either side of the

centre 'signal frequency. Thus, for example, the

track circuit signal might be frequency shift keyed

" between 1582 Hz and 1715Hz, that is, between % 17Hz

15

about a centre frequency of 1699 Hz; the actual

shift rate might typically be 5 Hz. It is to be

noted that the two FSK frequencies should lie close to
the track circuit centre freguency £, or £, in

: order to restrlct signal enerqgy to the narrow

.20

25

30

,frequency band over which the track-circuit tunlng
runltS'are effective. Modulation of the two basic

track circuit signal frequenc1es fT' f2 in this manner

has in practlce been found to provide adequate

traction immunity.

One problem encountered with jointless track circuits

‘of the above-described type is the possibility of

erroneous track circuit operation due to crosstalk

r(signal,énergy transfer) from other track circuits

operating at the same centre frequency. 'Such crosstalk

can be broadly divided into two classes depending on

origin, namely lateral crosstalk from adjacent tracks

and longitudinal crosstalk from track circuits on
the same length of track.
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Lateral crosstalk results from mutual coupling between
parallel tracks and to avoid risks of erroneous

track circuit operation as a result of such crosstalk
it has been the practice to use differently valued
pairs of frequencies f1, f2 for adjacent tracks.

Thus the track circuits of one line may use frequencies
centred on 1700 and 2300 Hz while the track circuits
of an adjacent line use frequencies centred on
frequencies of 2000 and 2600 Hz. With electric
traction where there are generally connections between
parallel tracks to lower the impedance of the

traction current return system, it has in fact been
found necessary to provide a unique pair of track
circuit frequencies for each of four or more parallel
tracks. The provision of such a large humber of
different centre frequencies results in a considerable
increase in the cost of the overali track circuit

equipment.

Longitudinal crosstalk between track circuits on the

same track will generally only result from an equipment

‘failure since as mentioned above, the units 2, 3 are

designed to prevent significant signal energy transmission
through adjacent track circuits. More particularly,
erroneous track circuit opetation due to longitudinal
crosstalk may arise from:

a) failure of the connection to a rail 1 of one
or more units 2, 3 enabling energy from one
track circuit to "feed through" an adjacent
track circuit to the next track circuit

- operating at the same centre frequency; this
problem is greatly exacerbated with
relatively short track circuits.

b) failure of an insulated rail joint
provided between adjacent track circuits
operating at the same centre frequency
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(this unusual situation can arise where
track circuits of the above-described
type are used at switches and crossings).
c) failure of shorting straps in Aster type
track circuits such as described in U.K.

patent specification No. 855,5489.

-Since none of the above failures are easily detectable,

situations where the failures might result in

erroneocus track circuit operations have, in the past,

‘been avoided. Thus all track circuits of the above

described type have been made at least a certain .
minimum length to avoid failures of type (a) above
resulting in erroneous track circuit operation. To
avoid the'problems that would be presented by failures
{b) and (c) above, track circuits of the type described

are not generally employed at switches and crossings

‘or with Aster-type shorting straps.

As has already been mentioned, it is known to subjedt

" the track circuit signals to FSK modulation to provide

traction immunity. It has, in fact, also been proposed
to use a number of different FSK modulation rates which

'togetherVWith the centre frequency value could be used

to uniquely identify a track circuit within a given
zone. While this arrangement would permit some of

the above-described problems and limitations caused by
crosstalk to be alleviated, the number of different
FSK modulation rates that can be used is limited due
to the need to minimise signal energy outside a

very small frequency band either side of the track-
circuit centre frequéncy; with only a limited number

of FSK modulation rates available, situations can

~ still arise in which crosstalk could occur between

track circuits having the same centre frequency and
FSK modulation rate.
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It is an object of the present invention to provide
track circuit equipment that enables the above-
mentioned problems and limitations associated with

crosstalk to be substantially overcome.

According to one aspect the present inven£ion, there
is provided a method of providing security against
crosstalk between traction-immune railway track
circuits disposed in the same locality, each track
circuit being of the type comprising transmitter
means arranged to output a track-circuit signal
frequency-shift-keyed between two frequencies, and
associated receiver means arranged to selectively
receive signals at said two frequencies; said
method involving: '

- impressing a multi-bit binary data word onto the
track-circuit signal output by the transmitter means
of each track circuit, each said data word serving to
identify the corresponding transmitter means and
being impressed onto the track circuit signal by
effecting the frequency shift keying of the latter
in dependence on the bit values of the data word; and

- for each track-circuit receiver means, detecting
the data words impressed on a track-circuit signal
received thereby, and enabling the generation of a

"track clear" signal by the receiver means when

the transmitter means identified by a detected
~data word is the transmitter means belonging to the

same track circuit as said receiver means.

- The use of FSK-encoding to transmit binary data

in a railway environment is, of course, not

itself new and, indeed, it has previously been

proposed to implement track-to-train signalling

by FSK~encoding data at 200 baud onto signals carried
by the running rails. However it has not been proposed
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to use FSK-encoded binary data words to label track
circuit signals with a view to providing security
against an erronecus indication of the "track clear™
condition which might otherwise result from longitudinal
or lateral crosstalk. 1In this respect it is to be
noted that the afore—-mentioned 200 baud FSK system
wbuld be entirely unsuitable for track circuit usage

due to its excessive bandwidth.

According to another aspect of the present invention,
there is provided track circuit equipment comprising
a plurality of track circuits disposed in the same
locality and each including:

' - transmitter means for feeding an a.c. track
circuit signal to the running rails of a railway
line, the transmitter means including an encoder for
encoding a predetermined multi-bit binary data word
onto the track-circuit signal by fregquency shift

keying the latter between two frequencies,said data

word serving to identify the corresponding transmitter

20

25

30

means, and

~ receiver means including a receiver for
selectively receiving from the running rails track-
circuit signals freqUency¥shift keyed between said
two frequencies, and signal processing means arranged
to decode track—circuit'signals received by the

receiver whereby to detect binary data words encoded

~thereon and to generate a "“track clear"™ output

signal when the transmitter means identified by a detected
data word is the transmitter means belonging to the

same track circuit as the receiver means.

- The receiver means of each track circuit will

respond only to the track circuit signals output by the
associated transmitter means, sSo that if crosstalk (either
longitudinal or lateral) were to result in an appropriate
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data word being detected by the receiver means of a
track circuit, the associated signal processing means

will fail to produce a "track clear" output signal.

In standard manner, the receiver means of the track
circuit equipment is arranged to generate a "track
occupied" signal when both track-circuit signal
frequencies have been absent for at least a minimum
period of, for example, 0.1. seconds. In addition, the
receiver means is also arranged to produce a “track
occupied" signal when a successively decoded data
word differs from said predetermined word expected
to be received since, under these circumstances , an
equipment failure has probably occurred (the track
occupied condition being the "fail-safe" condition

of the equipment).

Furthermore, the receiver means of a track circuit forming part of an
embodiment of theinvention is preferably arranged to ignore
any data word impressed on an incoming signal if,

during receipt of the data word, both frequencies to
which the receiver means is responsive are simultaneously
present. This feature ensures that any ambiguity

present at the receiver means due to both signal
frequencies being simultaneously present (for example,
due to crosstalk) does not result in erroneous

generatioﬁ of a "track clear" signal. The presence

or absence of a track-circuit signal frequency is, of
course, judged on whether the received signal power

is above or below a predetermined threshold.

It will be appreciated that although the FSK encoding of
binary data words onto signals carried by the running
rails is, in accordance with the invention, effected

for the purpose of overcoming crosstalk problems in
track circuits, these data words can addiéionally be
used to convey information relating to other railway
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signalling applications such as track—-to-train signalling.
Where it is desired to use the data words impressed
on rail-carried signals to simultaneously effect both

track—-circuit signalling and another railway-signalling

‘function, then each track circuit is identified by any

one of a unique set of data words rather than just

one data word, each data word in the set serving to
identify not only the originating track-circuit, but

also a particular command or status message to be
transmitted in connection with said other railway
signalling function. Thus where said other function

is track-to-train signalling, any command or status
meésage is successively represented to a train by a

number of different data words as the train traverses

a number of track circuits. The dual function of each data
word (track circuit identification and a signalling function)
is best served by giving a two-part structure to each
data word, one part being dedicated to track circuit
identification and the other part to the other signalling

function.

- With regard to the data rate of the binary word impressed

25

30

on the track-circuit signal, as has already been noted

the FSK modulation rate must in practice be kept low

to énsure,the effectiveness of the track circuit tuned

area terminations; furthermore, a narrow sigmnal bandwidth
enables the noise power within the track circuit equipment
to be minimised. A maximum modulation rate of 20Hz and

preferably 12Hz is therefore envisaged.

In the practical usage of track circuits it has in the past
been found necessary to retard the output of a "track
clear" signal upon the corresponding section of track
being cleared by a train in order to ensure this |

signal is not generated prior to the generation of a
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"track occupied" signal by the following track circuit,
a situation which could result in a train being "lost".
With certain early forms of traction immune track circuit
a delay of 1.5 seconds in the generation of a "track
clear" signal was found to be necessary (approximately
1 sec being due to the time taken for the next track
circuit to detect the presence of a train and 0.4 sec
being due to the difference between drop out and pick-
up time of a standard railway signalling relay). In
fact, this 1.5 sec. delay has been found to have certain
advantages in improving track circuit performance so
that it is likely tb be retained for future track
circuits. As a result, it is possible to allow a cycle .
time between successive data word emmissions of about
l.4s., anyrfaSter repetition being pointless as
generation of a "track clear" signal in response thereto

would then need to be delayed. With a transmission rate

of 24 baud, it is possible to impress up to 33 bits ontc the track

circuit signal in one 1.4s cycle; 1in practice, of'course,
not all these bits would be data word bits as the
data word itself would be embedded in a message including,

for example, start and parity portions.

More particularly, each message advantageously comprises
a start sequence (for example, a pseudo-random binary
sequence) for security and synchronisation purposes,

the relevaht data word, and a parity portion - enabling
data-word error detection and,correction; the start
sequence, data word, and parity portion aié, for example,
composed of fifteen, eleven, and six bits respectively.
Five of the parity bits are preferably associated with
the eleven data bits in a EB, li] hamming code,

the remaining parity bit being used as a modulo-2

parity bit.
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The data word may be divided into two or more bit-groups

each having a particular significance. = Thus, for

reXamplé; one bit group might identify a track circuit

accbrding to its longitudinal position in a track

while a second bit-group might be used to identify

fﬁhe particular track in which the track-circuit

‘concerneé is located. A third bit-group could be
used to carry a track-to-train signal where the

data word is used to provide such a facility.

With regard to the possible choice of data words, as a
pfecaution against crosstalk resulting in the receiver
means erroneously identifying an associated data

word as present, the data words used are advantageously
selected such that superposition of two such words,
with the predominance of oneror'other frequency,'cannot

result in the production of another selected data word.

Furthermore, to provide a saféty check on the correct

N dynamic operation of the equipment, the track-circuit

20

signal is preferably axrranged to change between its two
signal frequencies at least, for example, every
0.2 s; - if the receiver means detects the presence

of a track-circuit Signal that does not change freguency

- at least as often as every 0.2s then a "track occupied"

25

30

signal is generated as an equipment failure has

probably occurréd,—;In order to implement this saféty

~check, it is'necessary to avoid the use of certain

bihéry'data words containing strings of binary "1"

or "0" that would result in the transmission of one
frequency for greater than 0.2s. With a transmission

rate of 24 baud, the foregoing requirement is equivalent

- to no more than four successive bits being the same.

The requirement for a transition at least every 0.2s

(for example) may be appliéd over only part of a
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message rather than over all the message; in particular,
this requirement may be dispensed with for the parity
portion of the message. A further limitation on
allowable data words is that they 'should not appear

elsewhere in a message or across two adjacent messages.

In hardware terms, the encoder and decoder are preferably
each implemented by a cross-checking duplicated
microprocessor configuration providing for failsafe
operation. With regard to the receiver of the receiver
means, rather than using two very high Q filters each
directly tuned to a respective one of the track-circuit
signal frequencies, (for example 1699 = 17Hz), a
heterodyhing technique can be used to adVantage to
down convert the received frequencies (for example, to
75 *17Hz) whereby to permit the use of much lower

Q filters. The heterodyning and filtering can either
be of standard analogue form or digital techniques

can be used.

According to a further aspect of the present invention
there is provided a railway signalling method in

which rail-carried track—circuit signals are encoded
both for the purpose of uniquely identifying each
track-circuit transmitter to its corresponding
receiver and for the purpose of transmitting a
desired one of a predeterminéd repetoire of signalr
messages associated with an auxiliary signalling
function, said method including the step of modulating
the transmissions of each track-circuit transmitter in
dependence on a selected one of a plurality of binary data
words each unique to that transmitter, the identity

of the selected data word within said plurality being
dependent on the identity of the said signal message

it is desired to transmit whereby each said signal
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message is uniquely represented by a set of data words

each of which belongs to a different said plurality and
is carried by the transmissions of a respective

track—-circuit transmitter.

By encoding the track circuit signals in this manner, not
only ié it possible for a track-circuit receiver to
ascertain whether transmissions received thereat originate
from its associated transmitter, but it is also possible
to transﬁiﬁ a desired auxiliary signal message such as,
for example,'a track-to-train message which can be uniquely
identified by a train-bourne receiver regardless of the

track circuit currently being traversed.

Eaéh data word can be modulated onto the transmissions of
the associated transmitter in accordance with any suitable
modulation scheme such as, for example, a frequency shift

keying scheme.

Preferably, each data word is structured such that it

includes a portion uniquely identifying each track.

‘circuit and a portion uniquely identifying each

auxiliary signal message.

Jointless track circuit equipment embodying the invention
will now be particularly described by way of example with
reference to the accompanying drawings, in which:
Figure 1 is, as already described, a diagram of
a known track circuit layout;
Figure 2 is a block diagram of a transmitter unit
of traék circuit equipment embodying the invention;
Figure 3 is a diagram illustrating the message
format of a message encoded onto a track circuit
signal by the transmitter unit; and '
Figure 4 is a block diagram of a receiver unit of

the track circuit equipment embodying the invention.
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The track circuit equipment now to be described has
the same general layout as the prior art equipment
shown in Figure 1, that is, the equipment associated
with each track circuit (for example track circuit
TC2 in Figure 1) includes a transmitter tuning unit
2 and a receiver tuning unit 3 respectively arranged to
feed to, and.pick up from the running rails 1 a
track-circuit signal of predetermined centre frequency
(for example, frequency fl)' The design and
construction of the tuning units 2 and 3 and their
cooperation with corresponding units of adjacent
track circuits to provide tuned tefminations for the
track circuits will not be described in detail herein as
such units 2, 3 used with the equipment of the present
invention can be the same as those already known and used

in the art.

For each track circuit, the equipment of the present
invention icludes, in addition to the tuning units 2,3,
a transmitter unit shown in its entirely in Figure 2

and a receiver unit shown in its entirety in Figure 4.

The transmitter unit compriseé a failsafe duplicated
microprocessor arrangement outputting a binary coded
message on line 10 to a modulator 11 in order to control
the frequency of an output signal output thereby on

line 12. The modulator 11 acts to frequency shift key
(FSK) its output signal between an upper frequency

f
of the incoming message, and a lower frequency of f1 -Af

+ Af used to represent the binary "1" state of bits

representing ﬁherbhuty "0" state. The frequency f1

is, for example, 1699 Hz with the value of the Af being
17Hé; (as already expléined, the value of Af is kept
small to minimise the signal energy outside the
effective range of the tuned track-circuit terminations

provided by coopérating units 2, 3 of adjacent track
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circuits). The frequency-shift-keyed output signal

- produced by the modulator 11 on line 12 is fed via

_an output regulator 13 and power amplifier 14 to

the track-circuit transformer unit 2 connected between

-the running rails 1.

The duplicated microprocessor arrangement used to produce

the binary coded message fed to the modulator 11

-on line 10 comprises two substantially-identical .

- microprocessor systems each including a central

10

‘processor unit 16, and I/0 (input/output) port 17,

" a programme and fixed data storage unit in the form

15

of a ROM (read only memory) 18, a non-volatile variable

data store in the form of a non-volatile RAM (random

ﬂaCcess memory)} 19 interfacing with the central processor
unit 16 via the I/0 port 17, and a working store
" provided by volatile RAM 20. The central processor

unit 16 of each microprocessor system interfaces

_With its associated I/0 port 17, ROM 18, and RAM 20

- via address buses 21 and data buseé'22 while the

20

25

non-volatile RAM 19 communicates with the I/0 port 17

via address and data buses indicated diagrammatically

in,Figuré 2 by,line 23.

°The elements 16, 17, 18 and 20 of each microprocessor

system are advantageously all integrated on a single

common chip as indicated by the dashed outlines in

- Figure 2. Each microprocessor system is fed with:

30

(a) the same 1o¢a1 code uniquely identifying

(within the local area) the track-circuit transmitter

unit of which the microprocessor systems form a part,
thisrcode'being set up either by means of switches

or hard wiring directly to input lines 24 of the I/0
port 17, and
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b) track-to-train signallinq codes supplied via
control inputs 98, these codes representing a limited
instruction set (for example, of ten instructions)
which are to be impressed on the track-circuit

signals for pick up by a train.

The two microprocessor systems operate under
substantially identical programmmes and serve to
format the input local code and track-to-train code
into a binary coded message the form of which will

be described in detail hereinafter.

If both microprocessbr systems are opefating correctly,
then the respective messages proauced by the two

systems will be identical whereas failure of either
system will cause the messages produced to differ.

In the present example, the upper one of the two
microprocessor systems illustrated in Figure 2 is

used to provide the output to line 10 with this

output being fed back via lines 30 and 31 to each

of the micréprocessor,systems for checking. Should
either microprocessor systems detect a difference between
the message internally generéted thereby and the message
present on line 10, then it initiates action to shut
down the equipment in a failsafe manner. The failsafe
shut down of the,overall microprocessor arrangement

is effected via redundancy management and power supply
unit 32 which controls the po&er—éupply to the
microprocessor systems and is operative to cut off this
supply upon either sYstem indicating a difference
between the message output on line 10 and that
internally produced by that system. The two microprocessor
systems also effect mutual cross checks of programmes
and intermediate results via lines 33; again, should
any discrepancy be detected the overall microprocessor
arrangement is shut down via the redundancy manégement
unit 32.
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The duplicéted microprocessor arrangement operates

in accordance with known practice such as that elucidated

by R.C. Short in a paper'entitled "The Design of

Fail-Safe Processor Systems" presented in January 1980
to the Institution of Railway Signal Engineers, London.
For this reason, a more detailed description of the
duplicated micioprocessor arrangement of the transmitter

unit will not be given herein.

Consideration will now be given to the form of the message
cyclically output on line 10 by the duplicated
microprocessor afrangement-rrAs can be seen from Figure

3, the binary coded message comprises a start sequence

35, a daﬁa word portion 38 determined by the local
identifying'code and track—-to-train code fed into the
microprocessor systems, and a parity portion 39. In
order to provide an adeguate number of unique ﬁrack—

circuit identifying codes and track-to-train signalling

. codes, the number of bits in the data word portion

38 needs to be substantial. However, the length of the

data word is constrained by the need to complete

message transmission within an overall time of less

than the delay time (typically 1.5 second) within

which standard track-circuit relay eguipment would

- expect to receive an update if a "track clear"

25

30

about the centre frequency f

condition is to be maintained. Furthermore, the need

to provide the start sequence 35 and the parity portion

39 further reduces the possible duration of the data

word 38. Anothér limiting factor is the maximum allowable
FSK modulation rate, this maximum being set by the need
to restriét signal energy to within a narrow band width

1 and also the desirability

" of limiting noise power within the equipment. In the

present example, an FSK modulation rate of 12 Hz is

employed corresponding to a data rate of 24 baud.
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To comply with these reqﬁirements, an 11 bit data word
38 is used in the present embodiment together with a
6-bit parity portion 39 giving a duration for the
data word and parity portions 38, 39 of 0.708 seconds.
The start sequence 35 is made up of fifteen bits

whereby the total message duration is 1.33 seconds.

The start sequence 35 is a high-security start code
which in the present exampleris a pseudo-random -
binary sequence (PRBS), such sequences having a high

auto—-correlation function.

The data word 38 is organised into three bit groups
respectively of 4, 3, 4 bits and respectively representing
a longitudinal track circuit number (that is, a track
circuit number along the same track), a lateral track
circuit number, and the required track-to-train
signalling code. The local identifying code set into

the microprocessor systems determines the bit values

in the longitudinal and laterai position of the track
circuit concerned; the track-to-train code set in on
line 98 determines the bit values in the track-to-train
bit group. For a given track circuit, the data word 38
may thus have'any of a unique set of values, the common
unique characteristic of which is determined by the first
two bit-groups (the local identifying code) while the
variation in value within the set being determined by the
third bit-group (the track-to-train signalling group).

The parity portion 39 is organised with emphasis

on error detection. To this end, the first five bits
of the parity portion 39 together with the eleven |
data bits from a codeword of a (16,11) hamming code
of weight three while the sixth parity bit is a
modulo-2 parity bit for the data bits. This
arrangement permits the correction of a single error

and the detection of up to three errors.
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In order to provide a dynamic safety check on the

operation of the track-circuit equipment, the track-

"'q1rcu1t signal 1is arranged to change frequencies (that 15,

10

15

- between £, +of  and £ —-Af) at least every 0.2s

except during the parity portion of each message.
This requirement corresponds to having no more thah
four bits the same in succession which, in turn,

may be interpreted as placing a transition limitation
of no more than two bits to be the same at the

beginning and,endrof the start sequence 35 and of each

of the three bit-groups of the data word 38.

‘One suitable start sequence satisfying the above transition

,llmltatlon is:

- 11000 10011 01011

Thls sequence 1is used for all track c1rcu1ts.

' Possible values for the bit-groups of the data word

- 20

-25

30

.38 are: , , , ,
LONGITUDINAL LATERAL TRACK/TRAIN
(o010 YT Y[ o010 ]
0011 001 | o011
0100 010 0100
0101 011 0101
0110 100 0110
1001 101 ' 1001
1010 110 . 1010
1100 B 1100
L 1101 J L AL 1o

Any value from one group may be used with any value
from another group, giving 10x6x10 = 600 possible data

words.

A further llmltatlon on the number of data words

allowable is the requlrement that neither the start
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séquénce nor the data word itself must be repeated

~elsewhere within armessage',i The number of data words

found allowable after the application of this

- requirement will, of éourse, depend on how the parity bits

of the (16, 11) hamming code are derived since unwanted
repetition of'the'start sequence or data word may

involve these parity bits.

The hamming ¢oderparity bits. are generéted using a
generator matrix G such -that '

| C=DG N ,
where C is the,codeWord constituted by the data bits
and first five parity bits, D is the data-bit row vector
and G is a (11 x,16) matrix. More particularly, G has 7
the form:. ' : '

Rl EE R RIry
11 is the identity matrix of order 11 and P
is a (11 x 5) matrix with no row identically zero
and all rows distinct. With P of the following
form: : R L
11000
01100
- 00110
00011
10001
01010
11100
01110
001171
10101
11011

- v

four hundred and seven different data words are valid.
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The receiver unit of the equipment is shown in Figure

4 and comprises a receiver section interfacing via

10

15

20

25

- analogue to digital converters 40 with a duplicated

microprocessor arrangement of substantially the same
configuration as that of the transmitter unit. The
receiver section of the receiver unit comprises an

input transformer 41 arranged to receive the track-
circuit signal picked up from the running rails of the
track by the unit 3 of the track-circuit equipment.

The received signal which is of frequency f, fAf is fed
via preamplifier 42 to a mixer 43 where it is mixed
with a signal of frequency (f1 - fi) derived from a
local oscillator 44. The local oscillator 44 is

provided with frequency selection inputs 45 which are

rpreset in dependence on the centre frequency of the

track circuit transmitter unit (in the present case,
frequency f1). The- output of the mixer 43 is a signal
of frequency fi'igxf. Typically, the intermediate

freqﬁency fi is 75 Hz.

The purpose of heterodyning down the track-circuit signal
to the intermediate frequency f; 1is to facilitate the
selective filtering of the two frequencies making up

the track-circuit signals, much lower Q filters being

‘required to selectively detect the two frequencies (fi

+Af) and (£ -NAf}) than the frequencies (f1‘+£3f)
and (f1i-ésf).

,The output of the mixer 43 is fed to active filters 46

~ and 47 respectively tuned to the frequencies (fi + Af)

30

and (fi - Af). The output of the filters 46 and 47 are
fed via respective envelope detectors 48 and 49 to
respective ones of the two analogue to digital
converters 40. Each analogue to digital converter 40
provides a two bit representation of the signal level
at its input, this representation being fed over two
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pairs of output lines 51, 50 to respective ones of the
two microprocessor syStems making up the duplicated
microprocessor arrahgement of the receiver unit. Each
microprocessor system is thus fed with signéls

indicative of the presence or absence of signal frequency
components (f1 + Af) and jf1 -Af) on thé track

running rails.

As already mentionéd, therduplicated microprocessor
arrangement of the receiving unit is of:substantially
the same form as that of the transmitter unit with
each constituent microprocessor system comprising a
central processor unit 52, an I/0 port 53, ROM and
RAM memorie5'54 and 55, and -a non-volatile memory 56
interfacing with the CPU via the port 53. The
eiemehts 52 to 55 are preferably integrated on a
single chip. -

Each microprocessor system is fed via the port 53

not only,withrthoftrack—circuit signal strength
information provided on lines 50 and 51 but also with
the'local code corresponding to that set in the
associated transmittér unit, this local code being set

in by means of switches or hard wired connections on

'input lines 57. The output of the duplicated

microprocessor'arrahgement is provided on a line 58
from the upper of the two microprocessor'syStems as
viewed in Figure_4, this output being'used to control

‘a standard track-circuit relay (not ‘shown). The signal

on the line 58 is also fed back to the two microprocessor
systems in standard manner for such a duplicated

microprocessor arrangement.

The fail-safe shut down of the microprocessor

arrangemént in the event of a disagreement being detected
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between the signals appearing on line 58 and that

internally provided by each of the two microprocessor

systems, is effected by a redundancy management and

power supply unit 60 operating in standard manner.

Shut down is similarly initiated if cross checking

between the microprocessor systems,effected via

lines 34, indicates a discrepancy either in

intermediate results or programmes.

Each microprocessor system effects, under programme

control, the following functions;

1)

2)

3)

4)

5)

recognition of the presence of the frequencies

'(f1 +Af) and (£, =Af) 1in dependence on the

signals fed thereto via the lines 49 and 50;

checking that a transition between the two track-

circuit signal frequencies {when the track

- circuit signal is detected) occurs at least every

0.2 seconds except during the parity portion of
a message - the absence of such a transition is used
to invalidate any message currently being

received and possibly also to generate an error

'output signal and a "track occupied" signal:;

checking that only one of the two track-circuit

signal frequencies is received at any one time

- the simultaneous receipt of both signal

frequencies indicates the presence of crosstalk

and a corrésponding error signal can be generated

to indicate this condition;

detection of the message start sequence whereby to
identify the start of the data word portion 38 and
parity portion 39;

reading of the data word 38 contained in each message
with frequency (f1 + &f) being read as a binary

"1" and frequency (f1 -Af) being read as binary

"0"; error detection and possible correction
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using the parity portion 39 of the message;.

6) comparison of the flrst two blt—groups of the
received data word w1th the local code set in v1a
the lines 57;

7) generation of "track clear" signal on the line
58 upon the recelved transmltter 1dent1fying data
correspondlng to the local code settlng - where
rthe received and local codes do not,correspond,
possible generation of a "track'occupied"rsignal
and a corresponding error 51gnal- '

8) generation of a "track occupled" 51gna1 on line
58 in the absence of ‘any track-circuit 51gna1

frequency for more than 0 1 second

The error detection/correction'process referred to
in (5) above 1nvolves formlng the error syndrome S of
the received data word R in accordance with the
follow1ng relatlon- ' o

) s = - EH ,
where E is the errordvector of the received data

(R=2C+ E) and H:is the parity,check matrix and has

— T. -
H B [P 115]5x11

For single errors, the value of s gives the exact digit

the form:

in error by comparing the value of S with the rows of HY,
Double errors are detectedibutrcannot;be corrected.

The (16,11) hamming code will, by itself, sometimes
incorrectly decode triple errors; however, by testing
the modulo-2 parity bit;'such triple-error conditions

can be detected V(but:notSCOrrected). Four or more
errors may result in incorrect decoding.

From the foregoing, it can be seen that the receiving unit
will generate a “"track clear" signal only when the
identifying local code of the associated transmitter
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unit is correctly received as non-overlapping bursts

of the two track-circuit frequencies concerned. In

the presence of crosstalk from another track circuit
operating at the same centre frequency, then either

the two track-circuit signal frequencies will be present
together or, as may be'ther case where the transmitter
unit associated with the receiver unit has failed,

the received identifying code will not correspond

to that set in via the lines 57; in either case, a

"track clear" signal will not be generated.

As regards the track-to-train codes embedded in the

track circuit signal, these are arranged to be decoded

by train borne equipment similar to that of the

track-circuit receiving unit (the track-circuit signal

being inductively coupled to train borne pick up coils).

Of course, instead of the final bit group of the message
data word 38 being applied track-to-train signalling,
this bit group could be used for an alternative

railway signalling function such as the transmission

of status information between the transmitter and
receiver of a track circuit (in this case, in addition
to a relay butput 58, each track-circuit receiver could
be provided with a code output indicated by dashed

'jlines 99 in Figure 4).

25

30

Various modifications to the described equipment can,
of course; be made. Thus for example in the receiver
unit a digital hererodyning technique can be used -
rather than the illustrated analogue arrangement;

in this case, filtering could advantageously be

effected'digitally in known manner.
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CLAIMS

1. A method of providing security against crosstalk
between traction-immune railway track circuits disposed
in the same locality; each track circuit being of the
type comprising transmitter means (2) arranged to output
a track-circuit signal frequency-shift-keyed between two
frequencies, and associated receiVer means (3) arranged
to selectively receive signals at said two frequencies;
characterised in that the method includes the steps of:

- impressing a multi-bit binary data word (38) onto
the track-circuit signal output by the transmitter means
(2) of each track circuit, each said data word serving
to identify the corresponding transmitter means and
being impressed onto the trackrcircﬁit signal by
effecting the frequency shift keying of the latter in
dependence on the bit values of the data word; and

- for each track-circuit receiver means (3),
detecting the data words impressed on a track-circuit
signal received thereby, and enabling the generation of
a "track clear" signal by the receiver means when the
transmitter means identified by a detected7data word 1is
the transmittér means belonging to the same track

circuit as said receiver means.

2. Track circuit equipment comprising a plurality of
track circuits (TCl, TC2, TC3) disposed 1in the same
locality and each including: transmitter means (2) for
feeding an a.c. track circuit signal to the running
rails (1) of a railway line and1rege;véf means (3) for
selectively receiving - from ,theg‘ifunning rails (1)
-track-circuit signalsrfrequencyféﬁift keyed between two
frequencies (f,, f,), : , :fi,'

characterised in that

the transmitter means include an encoder for encoding a
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predetermined multi-bit binary data word (38) onto the
track-circuit signél by frequency shift keying the
1atter between two freguencies (fl' f2), said data wordr
serving to identify the corresponding transmitter
means, and

signal proceesing means are arranged to decode
track-circuit signals received by the receiver means
whereby to detect binary data words encoded thereon and
to generate a “track clear" output signal when the
transmitter means identified by a detected data word is
the transmitter means belonging to the same track

circuit as the receiver means.

3. Track circuit equipment according to Claim 2,
characterised in that the transmitter means of each
track circuit is arranged to impress any selected one of
a plurality of data words (38) onto the track-circuit
signal output thereby, each data word of said plurality
serving both to identify the transmitter means and to
represent a different respective command or status code
associated with a railway-signalling function additional
to the track—circuit identification function, the
receiver means of each track circuit being arranged to
generate a "track clear" output signal upon detection of
-any one of the data words associated with the
transmitter means belonging to the same track circuit as

the receiver means.

4. Track circuit equipment according to Claim 3,
characterised in that each data word (38) is divided
into two parts one of which serves to identify the
corresponding track-circuit transmitter means, and the
"other of which serves to represent said selected command

or status code.
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5. - Track circuit equipment according to Claim 2,
characterised in that the FSK modulation rate is equal

to-or less than 20 Hz.

6. Track circuit equipment acéording to Claim 2,
characterised in that each data word (38) is included in
an overall binary - message that is impressed by the
corresponding transmitter means (2):on its track circuit
signal be frequency shift keying, the message further
comprising - a start sequence (35) and a parity section
(39). ' '

7. Track circuit eqhipment, according to Claim 6,
characterised in that said start sequence -is a

pseudo-random binary sequence.

8. Track circuit equipmentra¢cording to Claim 6 or
Claimr7,fcharaéterisedrin,that'eaéh data. word comprisés
respective bit':groups "idéntifying'—ther lateral and
longitudinal track location of - "the corresponding

track—-circuit transmitter means.

9. Track rciréuit equipment raccotding ~to Claim 8,
characterised'ih that each data,WOrd further comprises a
bit group identifying a status or command code relating
to a railway signalling function additional to the track

circuit identification function.

10. Track circuit'equibment according to ahy one of
Claims 6't079, characterised in that said parity section
comprises both a'bit group thétiformsi togéther with
the data word, a'hamming cddeword,—and,a modulo-2 parity
bit.
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i1. . Track circuit equipment according to any one of
Claimé 6 to 10, characterised in that the messages are
such that a change in bit value occurs at least every X
bits over at least a predetermined portion of each
message where Xris an integer less than the number of

bits in the data word.

12. - Track circuit equipment according to any one of
Claims 6 to 11, characterised in that the messages are
such that the data word of a message is mnot repeated

elsewhere in the message.

13. A railway signalling method characterised in that
rail-carried track-circuit signals are encoded both for
the purpose of uniquely identifying each +track-circuit
transmitter +to its corresponding receiver and for the
purpose of transmitting a desired one of a predetermined
repertoire of .signal messages associated with an
auxiliary signalling function, said method including the
step of modulating the transmissions of each
track-circuit transmitter with a selected one of a
plurality of binary data words (38) each unique to that
transmitter, the identity of the selected data word
within said plurality being dependent on the identity of
the said signal message it is "desired to transmit
whereby each said signal message is uniquely represented
by a set of data words each of which belongs to a
different said plurality and carried by the

transmissions of a respective track-circuit transmitter.

14. A railway signalling method according to Claim 13,
characterised in that each data word is structured such
that it includes a portion uniquely identifying each

auxiliary signal message.
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15. A railway signalling method according to Claim 13

or Claim 14, characterised in that said auxiliary

signalling function is track-to-train signalling.
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