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Description

The present invention relates to a railway sig-
nalling system.

The concept of arranging for the rear of a
leading frain of vehicles (or a leading vehicle) to
send a signal directly to the front of a following
train (or vehicle) for the purpose of controlling the
speed of the latter and thus maintaining a safe
distance between them is well known, but known
systems using analogue signal measurement have
not been of practical application to railways be-
cause of tolerancing and other difficulties. The con-
cept of using digitally encoded messages is an
obvious extension of known techniques. However,
difficulties arise with message security in ensuring
that messages are only received by the frain (or
vehicle) for which they were intended.

As prior art, there may also be mentioned EP-
A-0 188 925 which discloses a railway signalling
system having the pre-characterising features of
claim 1.

According to the present invention, there is
provided a railway signalling system in which there
is fixed block signalling in combination with direct
communication between separate trains or vehicles
fo achieve inter-vehicle headway spacing on a rail-
way line, characterised in that the fixed block sig-
nalling in combination with direct communciation
between trains or vehicles occurs in a given area or
portion of the line and, in that area or portion, the
fixed block signalling prevents more than one frain
or vehicle from transmitting and more than one
train or vehicle from acting upon communications.

Known systems of direct train to frain commu-
nication claim to be better than systems based on
fixed block sections, which are seen as a limitation
on headway.

However, by using the present invention, the
retention of an underlying system of fixed blocks in
conjunction with an appropriate form of direct train
o train communication overcomes the practical dif-
ficulties of known systems and, moreover, provides
for economy and simplicity compared with known
systems. It also enables a reasonable mode of
operation to be maintained during partial failure
conditions, and enables later addition of the inter-
vehicle headway spacing aspect to a basic fixed
block system, whether the latter is based on con-
ventional track circuits, inductive loops or similar,
or on a radio-cab signalling system using transpon-
ders or other markers.

Known systems generally describe achievable
headway by reference to application to a plain
railway line without stations or other cause to stop.
In practice, headway is usually dominated by sta-
tion stops and junction working, including that at
termini. It is well known that headway at stations is
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critical and for this reason conventional signalling
equipment is often concentrated around stations.

To put the present invention into practice, be-
cause headway is critical at stations, it is practical
and economical to achieve the best possible head-
way by adopting a system which allows the closest
possible monitoring of a frain (or vehicle) leaving a
station by a train (or vehicle) approaching the sta-
tion using direct vehicle to vehicle communications,
but which prevents any further train (or vehicle)
entering the area and acting upon the same com-
munications by known forms of fixed block signal-
ling. Because thereby only one train (or vehicle) is
permitted to monitor the location of a train (or
vehicle) ahead and only one such tfrain (or vehicle)
ahead may be reporting its location via the vehicle
to vehicle communications system within a given
area, it is not necessary for either train (or vehicle)
to know the identity of the other nor for the mes-
sage from the leading train (or vehicle) to be di-
rected to the following train (or vehicle) by an
intelligent supervisory system. The fixed block sys-
tem will prevent any third train or vehicle breaking
into communications between two trains or ve-
hicles. In the areas of plain railway line away from
stations, fixed block signalling alone is adequate fo
maintain the optimum headway which is achieved
around stations by using vehicle to vehicle commu-
nication in addition. In the event of a vehicle to
vehicle communications failure, the fixed block sys-
tem also provides a back-up mode of operation
albeit with degraded headway performance.

The present invention will now be described,
by way of example, with reference to the single
figure of the accompanying drawing, which is a
schematic representation of an example of the
present invention.

Referring the drawing, a railway line L in the
vicinity of a station X with a platform 1 is divided
into a number of fixed block sections with bound-
aries 2, 3, 4, 5 and 6.

Boundary 2 corresponds with the position at
which a train T has to receive its first warning that
a preceding train is occupying the platform 1, in
order to be guaranteed to stop short of boundary 3
(which corresponds to the end of the platform, just
ahead of which will be the fail of any train station-
ary in the platform). The distance from boundary 2
to boundary 3 is therefore braking distance plus
the usual allowances for equipment reaction time,
etc. Until a frain reaches boundary 2, there is no
need for it to be aware of the precise position of a
preceding train provided the latter is beyond
boundary 3, and this is determined by fixed block
signalling. Prior to the preceding train passing
boundary 3, a fixed block signalling system gives
adequate headway capacity in rear because the
frain is about to stop at the station and any follow-
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ing train must clearly be much further than braking
distance behind (or itself performing a station stop
in rear) if it is to run unchecked. On passing
boundary 2, the front of a train also enters an area
of train to frain communication extending from
boundary 2 to boundary 6. Such communication
may be achieved by means of a leaky feeder radio
system extending from boundary 2 to boundary 6
which broadcasts on one frequency the message
received on another without modification or delay.
Alternatively, any other suitable communications
medium such as an inductive track loop may be
used. While the front of a train is between bound-
aries 2 and 4, the train may receive ftrain to train
messages from a train ahead within the same area
by means of a train carried radio receiver 7 at the
front of the train. Boundary 4 is at a point imme-
diately ahead of the location of the front of a train
when stationary in the platform 1. While the front of
a frain is between boundaries 4 and 6 it may
fransmit frain to train messages for the area to a
following train by means of a train carried radio
fransmitter 8. The transmission system may be
split at boundary 4 if required and as shown, the
section from boundary 2 to boundary 4 being for
fransmission to trains (i.e. trains receive) and the
section from boundary 4 to boundary 6 being for
reception from trains (i.e. trains transmit). The train
fo train messages consist of a continuously up-
dated report of the location of the leading train's
fail.

Boundary 5 is located at the point beyond
which the presence of a train will no longer be
restrictive to the running of a following train which
is stopping at the station X. Boundary 6 is located
at normal maximum ftrain length beyond boundary
5. When the front of a train passes boundary 6, its
authority to transmit for that area will cease (as will
the means of communication). As this corresponds
to the train's tail being clear of boundary 5, the
actual position of the train fail is no longer relevant
o a following train stopping at the station X.

Each train T has an on board train computer 9
used for automatic train control in conjunction with
the fixed block signalling system which can be, in
principle, of known type. It may employ transpon-
ders for location reference and radio messages for
movement authorities or it may be coded frack
circuit based. In either case, the train computer 9
supervises frain running in accordance with
speed/distance profiles selected according to fixed
data concerning frain performance and variable
data concerning movement authority limits, where
the variable data is derived from the fixed block
movement authority messages or "proceed as-
pects" as in known systems. To ensure that train
speed is within profile limits, the train computer
must have knowledge of speed and of distance
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travelled from fixed reference points and this is
generally achieved as in known systems by means
of an odometer, tachometer or equivalent arrange-
ment 10. This locational reference may also be
used by the example of the present invention as
the basis for train to train reporting of frain tail
location, in conjunction with a train line 11 and frain
rear device 12 to confirm that the train is complete
and does not exceed the normal maximum train
length (for example because it is being pushed out
by an assisting train after failing). The device 12
may be a simple electrical connection on the rear
cab coupler on fixed formation frain sets which is
broken if a further vehicle is coupled on.

If running with intermediate cabs is required in
normal service, a more elaborate means of frain
length measurement will be required. In the case of
a ftrack circuit based system, the station platform
frack circuit in the section from boundary 3 to
boundary 4 can be used to check that the train
does not exceed the normal maximum length. The
fixed block system does not allow a second train to
be between boundaries 2 and 3 until the tail of the
frain ahead has passed boundary 3, and unless
short, a train could not be fully in the platform and
hence clear of boundary 3 until a preceding train
had cleared boundary 5. It is not therefore unduly
restrictive fo prevent a train entering the section
from boundary 2 to boundary 3 until the section
from boundary 4 to boundary 5 has been regis-
tered as clear, if the section from boundary 3 to
boundary 4 is occupied. This control will ensure
that, provided the ftrain at the platform is no longer
than the normal maximum length, there will be a
brief period when the sections from boundaries 2
tfo 3 and 4 to 5 are clear with the section from
boundary 3 to boundary 4 occupied and this can
be registered to allow subsequent train to frain
communications to be acted upon. If the ftrain
length exceeds normal maximum, the train fo train
communication aspect of the example cannot be
used, as knowledge of the location of the train front
does not imply the correct location of the train rear.
Normal maximum frain length corresponds to the
length of the section from boundary 3 to boundary
4. Alternatively, and in the case of non track circuit
based systems, a form of train length measurement
as proposed in EP-A-0 341 827 may be used. As a
further alternative, frain ftrail location may be de-
duced by the train computer by reference to the
detection by rear of frain mounted equipment
(which may be the same equipment used for front
of frain location or other purposes when the frain is
driven in the opposite direction) of trackside mark-
ers such as transponders. Additionally the whole of
the frain tail location system and the train to train
communications transmitter may be located at the
rear of the train.
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The authority to transmit train to train mes-
sages of train fail location may be derived from
information contained within the movement author-
ity message from the fixed block signalling system
for the blocks concerned (the sections from bound-
ary 4 to boundary 5 and boundary 5 to boundary 6
in the drawing). Authority fo receive and act upon
frain to frain messages of train tail location may
similarly be incorporated within the movement au-
thority message from the fixed block signalling
system for the blocks concerned (the sections from
boundary 2 to boundary 3 and boundary 3 fo
boundary 4 in the drawing). In both cases, con-
firmation that train length does not exceed normal
maximum may be incorporated in the appropriate
controls on movement authorities. Trains which ex-
ceed normal maximum length will be signalled by
the fixed block signalling system but without the
additional train to train communication aspect, and
hence cannot be followed at minimum headway.

By way of further illustration, a sequence of
frain movements through the area of station X will
now be considered with reference to three trains,
A, B and C. Assume that: frain B is at the station
platform between boundaries 3 and 4; train C is
approaching boundary 2; and the section from
boundary 4, to boundary 5 is clear but train A is
still in the section from boundary 5 to boundary 6.
The movement authority for train C for the section
from boundary 2 to boundary 3 has an end point
defined as boundary 3. (The frain would normally
stop at some point P which, depending on the ratio
of service to emergency braking, may be close fo
boundary 3). There is no point in train C being
authorised to receive train to frain messages at this
stage because train B cannot leave the station until
train A is clear of boundary 6. By not giving train C
authority to act on train to train messages it cannot
erroneously act on messages from train A which
may be received until the front of train A passes
boundary 6. When the front of frain A passes
boundary 6 its transmit authority is lost and it
cannot send further train to train messages for the
area. When the ftail of train A passes boundary 6,
the fixed block system detects this and updates the
authority for the section from boundary 2 to bound-
ary 3 to permit actioning of train to frain messages.
Because frain A is beyond boundary 6 there is no
further risk of train C erroneously receiving trans-
missions from train A because, firstly, train A lost
authority to transmit on passing boundary 6 and,
secondly, train A is completely beyond the limit of
the communications system and therefore, in prac-
tice, out of range.

The updated authority for the section from
boundary 2 to boundary 3 allows the end point of
the stopping profile used by the train computer of
train C to be modified from a default corresponding
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to boundary 3 according to train to train messages
of train tail location which are given in terms of a
distance which is interpreted as relative to bound-
ary 3. When train B departs from the station X on a
fixed block movement authority which requires the
sections from boundary 4 to boundary 6 (and sec-
tions beyond as appropriate) to be clear, it enters
the section from boundary 4 to boundary 5. The
authority in this section (and the section from
boundary 5 to boundary 6) includes authority to
fransmit on the train to train communications sys-
tem the distance travelled past boundary 4. As
train B proceeds it therefore fransmits a continu-
ously updated digital message corresponding fo a
count of distance travelled past boundary 4. This is
received by train C and interpreted as a continu-
ously updated message of the distance which the
train ahead's tail is beyond boundary 3 (to which it
is equivalent). For the headway critical period as
train B is leaving the station and train C is ap-
proaching, train C is therefore aiming the end point
of its stopping profile at the location of the tail of
train B, as continuously amended, and the closest
possible headway is therefore achieved over the
critical area.

If by the time the front of train C passes
boundary 3, train B has not completely cleared the
section from boundary 3 to boundary 4, the ftrain
computer on train C will allow the train to continue
to run on an extension of the profile authorised in
the section from boundary 2 to boundary 3 as long
as train tail messages are being received, to a limit
corresponding to a train length beyond boundary 3,
equivalent to the location of boundary 4. When
tfrain B clears the section from boundary 3 to
boundary 4, the fixed block system will confirm a
movement authority for this section as far at least
as boundary 4 and as may be extended by train
tail messages, to a limit corresponding to the loca-
tion of boundary 5. When frain B clears the section
from boundary 4 to boundary 5, the fixed block
system will give a movement authority for the sec-
tion from boundary 3 to boundary 4 with an end
point at boundary 5 absolutely, to which train C can
now aim the end point of its profile without refer-
ence to further train to train messages. It will also
correspondingly upgrade the movement authority
for the section from boundary 2 to boundary 3 if
train C has not yet passed boundary 3. These
authorities allow a run which is unrestricted by train
B ahead, for train C to approach and stop at the
station. As explained for train A, the front of train B
then passes boundary 6 and train B stops transmit-
ting train to train messages.

It is obviously essential that there is no pos-
sibility of cross-talk between adjacent train/train
communications areas, which may have to overlap.
Where adequate isolation of adjacent train/train
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communications areas cannot be achieved, then
different frequencies and a different address may
be used for train to train communications in adja-
cent areas. Frequencies and addresses may be
used more than once, typically in alternate areas
provided isolation is adequate. Information as fo
which frequency and address is current will be
obtained from trackside transponders or equivalent,
read by the frain computer, or will be incorporated
in relevant proceed authorities.

Train/train communications areas may overlap
in such a way that the same boundaries and fixed
block sections have different functions in relation to
different areas and, in the limit, an application
where there is continuous ftrain to train communica-
tions over a section of line consisting of several
areas could be arranged. Such an application
would be simpler in principle and much more fault
tolerant than other known systems of close head-
way working, due fo the underlying fixed block
basis of control.

Claims

1. A railway signalling system in which there is
fixed block signalling in combination with direct
communication between separate trains or ve-
hicles (T) to achieve inter-vehicle headway
spacing on a railway line (L), characterised in
that the fixed block signalling in combination
with direct communciation between trains or
vehicles occurs in a given area or portion of
the line and, in that area or portion, the fixed
block signalling prevents more than one frain
or vehicle from transmitting and more than one
frain or vehicle from acting upon communica-
tions.

2. A system as claimed in claim 1, wherein the
fixed block signalling uses track circuit signal-
ling.

3. A system as claimed in claim 1, wherein the
fixed block signalling uses radio signalling.

4. A system as claimed in any preceding claim,
wherein the authority to fransmit, receive and
act upon vehicle to vehicle communications is
contained in fixed block movement authorities.

5. A system as claimed in claim 4, wherein said
block movement authorities are given by track
circuit code, radio, inductive loop or other
means with or without fixed information read
from trackside transponders, beacons, loops or
the like.
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6. A system as claimed in any preceding claim,
wherein the direct vehicle to vehicle commu-
nication messages convey the location of the
tail of a train or vehicle (T) expressed as a
distance which is interpreted as being beyond
a particular reference point.

7. A system as claimed in any preceding claim,
wherein the direct vehicle to vehicle commu-
nication is by radio or inductive loop.

8. A system as claimed in any preceding claim,
wherein, on a train or vehicle (T), functions are
controlled by a train or vehicle computer (9) at
the front of the ftrain or vehicle or divided
between front and tail end equipment of the
frain or vehicle.

9. A system as claimed in any preceding claim,
wherein the tail location of a train or vehicle (T)
is deduced and monitored.

10. A system as claimed in claim 9, wherein the
tail location of a train or vehicle (T) is deduced
and monitored by a train or vehicle line (11) or
a train or vehicle tail device (12).

Patentanspriiche

1. Eisenbahnsignalsystem, bei dem es eine feste
Blocksignalgebung in Kombination mit direkter
Kommunikation zwischen verschiedenen Zu-
gen oder Fahrzeugen (T) gibt, um einen Ab-
stand zwischen Fahrzeugen auf einer Eisen-
bahnstrecke (L) zu erreichen, dadurch ge-
kennzeichnet, daB die feste Blocksignalge-
bung in Kombination mit direkter Kommunika-
tion zwischen Zigen oder Fahrzeugen in ei-
nem gegebenen Bereich oder Abschnitt der
Strecke auftritt und in jenem Bereich oder Ab-
schnitt die feste Blocksignalgebung verhindert,
daB mehr als ein Zug oder Fahrzeug sendet
und mehr als ein Zug oder Fahrzeug auf die
Kommunikationen reagiert.

2. System nach Anspruch 1, bei dem die feste
Blocksignalgebung eine Gleisstromkreis-Si-
gnalgebung verwendet.

3. System nach Anspruch 1, bei dem die feste
Blocksignalgebung eine Funksignalgebung ver-
wendet.

4. System nach einem der vorangehenden An-
spriiche, bei dem die Berechtigung zum Uber-
tragen, Empfangen und Reagieren auf Kommu-
nikationen von Fahrzeug zu Fahrzeug in Be-
rechtigungen zur Bewegung vom festen Block
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enthalten ist.

System nach Anspruch 4, bei dem die genann-
ten Berechtigungen zur Bewegung vom Block
durch einen Gleisstromkreiscode, Funk, Induk-
tionsschleife oder eine andere Einrichtung mit
oder ohne von Transpondern, Baken, Schleifen
oder dhnlichem an der Strecke gelesene feste
Information gegeben wird.

System nach einem der vorangehenden An-
sprliche, bei dem die Nachrichten der direkten
Kommunikation von Fahrzeug zu Fahrzeug den
Ort des Endes des Zuges oder Fahrzeugs (T),
ausgedriickt als eine Entfernung, die als jen-
seits eines speziellen Bezugspunktes befind-
lich interpretiert wird, Ubermitteln.

System nach einem der vorangehenden An-
spriche, bei dem die direkte Kommunikation
von Fahrzeug zu Fahrzeug durch Funk oder
eine Induktionsschleife stattfindet.

System nach einem der vorangehenden An-
spriiche, bei dem auf einem Zug oder Fahr-
zeug Funktionen von einem Zug- oder Fahr-
zeugrechner (9) am Kopf des Zuges oder
Fahrzeugs gesteuert oder zwischen Ausristun-
gen am Kopf und am Ende des Zuges oder
Fahrzeugs aufgeteilt werden.

System nach einem der vorangehenden An-
spriiche, bei dem der Ort des Endes eines
Zuges oder Fahrzeugs (T) abgeleitet und Uber-
wacht wird.

System nach Anspruch 9, bei dem der Ort des
Endes eines Zuges oder Fahrzeugs (T) von
einer Zug- oder Fahrzeugleitung (11) oder ei-
ner Vorrichtung (12) am Ende des Zuges oder
Fahrzeugs abgeleitet und Uberwacht wird.

Revendications

Systéme de signalisation pour chemin-de-fer
dans lequel on trouve un signalisation-bloc fixe
en combinaison avec une communication di-
recte entre les trains ou véhicules séparés (T)
pour obtenir un espacement vers |'avant entre
trains ou véhicules sur la ligne de chemin-de-
fer (L), caractérisé en ce que la signalisation-
bloc fixe en combinaison avec la communica-
tion directe entre les trains ou véhicules a lieu
dans une zone ou trongon donné de la ligne
et, dans cette zone ou trongon, la signalisation-
bloc fixe empéche la transmission par plus
d'un seul train ou véhicule et la réaction aux
communications par plus d'un seul train ou
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10.

10

véhicule.

Systéme selon la revendication 1, dans lequel
la signalisation-bloc fixe utilise la signalisation
du circuit de voie.

Systéme selon la revendication 1, dans lequel
la signalisation-bloc fixe utilise une signalisa-
tion radio.

Systéme selon I'une des revendications précé-
dentes, dans lequel l'autorisation de transmet-
tre de recevoir et d'agir en réponse aux com-
munications de véhicule & véhicule est conte-
nue dans les autorisations-blocs de déplace-
ment fixes.

Systéme selon la revendication 4, dans lequel
les autorisations-blocs de déplacement sont
données par le code du circuit de voie, par
radio, par boucle d'induction ou autres, avec
ou sans l'information sédentaire lue depuis les
transpondeurs, balises, boucles de voie ou au-
fres.

Systéme selon I'une des revendications précé-
dentes, dans lequel les messages de commu-
nication directes de véhicule a2 véhicule tran-
smettent I'emplacement de la queue d'un train
ou véhicule (T) exprimée en distance qui est
interprétée comme la distance au-deld d'un

point particulier de référence.

Systéme selon I'une des revendications précé-
dentes, dans lequel la communication directe
de véhicule & véhicule est réalisée par radio
ou par boucle d'induction.

Systéme selon I'une des revendications précé-
dentes, dans lequel, sur un train ou véhicule
(T), les fonctions sont contrblées par un cal-
culateur (9) placé a I'avant du train ou véhicule
(9), ou réparti entre I'équipement de I'avant et
de la queue du train ou véhicule.

Systéme selon I'une des revendications précé-
dentes, dans lequel I'emplacement de Ia
queue du frain ou véhicule (T) est calculé et
suivie.

Systéme selon la revendication 9, dans lequel
I'emplacement de la queue du frain ou véhi-
cule (T) est calculé et suivie par une ligne (11)
du train ou véhicule ou par un dispositif (12)
de queue du frain ou véhicule.
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