
- 1 -      2146470 Proving Safe Operation The invention relates to proving
safe operation and failure to safety of electronic circuits. 5
Safe operation in the context of the present invention includes correct
operation of the apparatus and also, in the event of an error being
detected or a fault occuring, the automatic switching of the output of the
apparatus into a safe state. 10 The invention is particularly useful in
systems where a decision concerning safety is based upon the output signal,
so that incorrect operation of the signal processing circuits producing
that signal can 15    directly affect the safety of the system.  For
example, a mass transit system, such as an underground railway, having an
automatic train protection system in which a coded signal representing safe
maximum train speed is transmitted to the train for analysis by the train
and 20    comparison with a signal reresenting the train's measured speed.
If the coded signal is incorrectly decoded or is corrupted before
comparison then a wrong decision conerning the maximum speed at which it is
safe for the train to travel may be the result. One 25    receiver
apparatus for an automatic train protection system of this type is
described in the Applicants U.K. Patent No. 2,017,991. Also in the railway
signalling field, the invention 30    may be useful in coded track circuits
in which a coded signal is transmitted between a track..circuit transmitter
and track circuit receiver via the running rails. When the section of
rails, i.e. the track section, is unoccupied the signal reaches the
receiver, but when a train is present in the section the rails are
electrically shorted together thus preventing propagation of the signal
along the section. The  



-2- present invention may be applied to the receiver apparatus in  order
to verify  its  correct  operation  at  all times.  A  railway  track
circuit- receiver  of  this type to which the invention may be applied is
described 5    in Applicant's U.K. Patent Application No. 2,114,342.
According to the invention there is provided apparatus comprising an
electronic circuit which in correct operation provides an output containing
an alternating signal 10   having a predetermined frequency component the
presence of which component in the output proves correct operation of  the
circuit,  output  gating  means  connected  in series with the output of
the circuit, the gating means having a first state in which it inhibits the
output, and 15   a second state in which it passes said alternating signal
and to which it is capable of being operated by a gating signal, and
detector means connected to receive the output containing the alternating
signal and responsive to the presence in the output of said predetermined
frequency 20   component to produce the said gating signal to operate the
gating means to its second state to pass the said output signal, whereby
the output from the circuit is inhibited  when  the  said  predetermined
frequency component is not proved present in the output. 25 The  invention
and  how  it may be carried  into practice will now be described, by way of
example only, with reference to the accompanying drawings in which: Fig. 1
shows a block diagram of a coded carrier 30   signal generator for an ATP
transmitter. Fig. 2 shows a circuit diagram of an output gating arrangement
for a track circuit receiver, and Fig.  3 shows an alternative  gating
arrangement for a track circuit receiver. 35 



- 3 - Referring  now  to  the  drawings,  two  particular embodiments  for
the  invention  will  be  described, a first concerning a railway automatic
train protection system  (hereinafter  referred  to as an ATP  system) 5
and  a  second  concerning  a  railway  track  circuit application,
especially  useful  for  coded jointless track circuits. In both these
embodiments the detector means for sensing the predetermined frequency
component in the output signal  is realised using a frequency 10   spectrum
analyser  of a particular  type,  namely  a microprocessor  based  system
adapted  to  evaluate a fast or discrete Fourier transform algorithm. Such
an apparatus as this is described in the Applicant's  published  British
patent  application, 15   GB  Serial  No.  2,114,342.   The apparatus
described in  the  present  specification  will  also  be  found useful in
conjunction with the technique and apparatus described in U.K. Patent
Application No. 2,146,471A. 20 25 30 35    -4- Fig. 1 shows a block diagram
of an ATP transmitter arrangement in which the transmitter circuits
themselves have been omitted because they form no part of the present
invention.  The basic speed indicating 5     code signals are generated by
a code oscillator and divider circuits in block 10, one of the codes is
selected by means not shown to represent a maximum safe 



speed limit.  The selected coded frequency and a carrier signal from
carrier generator 11 are connected 10    to an amplitude modulation
generator 12 the amplitude modulated output 13 of Which is then connected
via a safe enable gate 14 to a power output stage 15, and thence via an
output transformer 16 to transmitter circuits (not shown).  Compared to a
conventional ATP 15    coded signal transmitter only the safe enable gate
14 is added to the signal path by application or the invention. The greater
part of the circuits for carrying out 20    the invention are illustrated
to the right of Fig. 1 and comprises an anti-alias filter 17 connected to
receive the amplitude modulated signal 13 and connected to the data input
of a microprocessor 18.  The microprocessor output is connected via a
processor 25    output enable gate 19 to a proving circuit 20 the output of
which controls operation of the enable gate 14. The proving circuit 20 is
also connected to a control input 21 of enable gate 19 to provide a
self-latching facility for normal operation. These 30    circuits together
provide the safety checks and control during normal running of the
transmitter.. In addition, and because there is no output signal when the
receiver is energised, a start up circuit 22 is provided which receives an
input from the carrier generator 11 and 35    provides a signal to the
control input 21 of microprocessor output enabling gate 19.    - 5 - In the
particular example being described it is convenient to derive the
transmitter carrier signal from the same frequency source as the
microprocessor clock, therefore the 3 MHz clock frequency of the
microprocessor 18 is connected to the block 11 which 



consists basically of frequency dividing circuits. The illustrated
arrangement does not include a separate proving signal generator, instead
the 10    amplitude modulated frequency which appears in the modulated
output 13 is made to serve the same purpose. The arrangement of Fig. 1
utilizes output gating means in accordance with the invention on a first
level 15    to pass the output of the frequency analysing microprocessor
18, and then at a second level utilizes a further gating means 14 to pass
the output from the a.m. generator 12. Also, to accommodate the cycle or
processing time of the microprocessor system 18, the 20    self start-up
circuit 22 provides a time delay greater than one cycle period so that
normal operation of the arrangement is established initially. If the
processor system is operated in accordance with the invention of GB
2,146,471A the delay time is preferably greater than 25    the period of
two operating cycles. In operation the arrangement of Fig. 1 a transmitter
carrier signal modulated by a selected code frequency is generated in the
normal way and output 30    signal 13 is connected through a safe enable
gate 14 for transmission. The amplitude modulated signal 13 is also
connected via a safe anti-alias filter 17 to the data input of a
microprocessor 18 which is programmed to perform a digital filtering
function by means of a Fast Fourier Transform technique, such a technique
is more fully described in Applicant's U.K. Patent Application No.
2,114,342. The processor output    - 6 - comprises a data signal giving the
amplitude levels of the components of the amplitude modulated input signal
lying within a multiplicity of frequency bins.  This output is connected
via an enabling gate 19 to a 



5     processor output proving circuit 20 which verifies that the modulated
signal contains one of the code Frequencies, that said modulating signal
has sufficient amplitude and that its frequency lies within a permitted
range.  Subject to these criteria being met 10    the proving circuit 20
produces outputs one of which maintains the enable gate 14 and another
which is fed back to control input 21 to maintain the enable gate. 19, the
latter thereby constituting a self-latching circuit. 15 Without a positive
output from proving circuit 20 the enable gate 19 will be latched to a
state such as to inhibit the output from processor 18 reaching proving
circuit 20.  Therefore in order to permit the 20    circuit to commence
operating when energised initially, the start-up circuit 22 is provided
with an output from the carrier signal generator and is arranged to provide
an alternative and temporary latching signal to input 21 of gate 19. 25 In
the event that the modulating signal does not possess a permitted
frequency, or more than one modulating frequency is detected the proving
circuit 20 removes the maintaining signals from gate 14 and gate 30    19.
The former prevents the amplitude modulated signal reaching the power
output stage 15, thereby effectively inhibiting the transmitter, and the
latter effectively latches-out the proving circuit 20 preventing subsequent
restoration of the maintaining signal should 35    the fault prove only to
be temporary. Referring now to Fig. 2, this shows in greater    -7- detail
a circuit diagram of part of a circuit suitable 



for use in the general arrangement of Fig. 1, in which the microprocessor
output enable gate is enclosed by chain linked line 19, the processor
output proving 5     circuits by block 20, and the start up circuit is
enclosed by another chain linked line 22.  The latching action mentioned
above which maintains enable gate 19 is carried into practice by providing
5 volts on the line indicated at reference 21. 10 In the initial situation
of start-up, a signal from the carrier generator 11 (see Fig. 1) is
provided at input 30 in the form of a square wave input signal. In the
circuit 22 the voltage on the capacitor 31 is 15    initially zero volts
when the circuit is switched on, and so the transistor 32 is biased "off"
allowing the square wave input signal to switch transistor 33 which drives
a further push-pull arrangement of transistors 34, 35.  This output of this
arragement is connected to 20    a diode pump circuit comprising capacitors
36, 37 and doides 38, 39 and 40, in which the anode of diode 40 and one
terminal of capacitor 37 is connected to the-5 volt line 21. The enable
gate 19 basically comprises a photo-responsive diode 41 connected in the
base circuit 25    of a transistor 42 which is connected in parallel with
diode 40 and capacitor 37 between the 0 volts and -5 volt lines. The output
of microprocessor 18 is connected through a further transistor 43 to drive
a light emitting diode 44 optically coupled with the 30    doide 41.
Similarly a light emitting diode 44 in the collected circuit of transistor
42 is optically coupled with a photo-responsive diode 45 connected in an
input stage to proving circuit 20. 35        In operation of the
arrangement of Fig. 2 the capacitor 31 is initially discharged, upon
initial energisation of the power supply to the circuits and   



-8- the transmitter a square wave signal appears at input 30 and is
permitted to switch transistor 33 which drives the doide pump arrangement
to produce -5 volts on line 21. This negative voltage energises transistor
5     42 and permits the microprocessor output to be relayed via
transistors 43, the opto-coupler comprising diodes 41, 44 and the second
opto-coupler, of doides 45, 46 to the proving circuit 20. Gradually
capacitor 31 charges up thus inhibiting in put 30 from continuing to
operate 10    the doide pump circuit.  Upon receiving the microprocessor
output the proving circuit 20 will generate a -5volts supply on line 21
providing it has satisfactorily proved the microprocessor output to be
correct.  Having once been charged the capacitor 31 15    maintains the
bias on transistors 32 and 33 for as long as the normal power supply is
maintained. The signal on input 30 is only again permitted to operate the
doide pump circuit if the supply voltage source is de-energised and
capacitor 31 allowed to discharge. 20 An alternative circuit for an enable
gate and self-start circuit are shown in Fig. 3. The processor system,
again represented by single block 18 performs the operations of decimation
and evaluation of the 25    transform algorithm on an input waveform.  The
processor 18 is adapted to check that the amplitude modulated carrier
signal comprises only one of a set of possible modulation frequencies and
does not include more than one modulation frequency, these frequencies 30
being the preselected signal characteristics.  Subject to one of these
frequency being sensed the processor system 18 produces an output on line
60 comprising a unipolar amplitude modulated carrier signal of 2.5 KHz
modulated at 320Hz. 35 



The input line 60 is connected through a high pass filter comprising
resistor 61 and capacitor 62 to the    - 9 - base terminal of a switching
transistor 63.  The collector load of this transistor in which a junction
point 64 is connected to the cathode of the light emitting part 65 of an
optical coupler, the collector 5     load resistors 66 and 67 form a
potential divider providing a reference potential to the LED 65. A further
anti-parallel diode 68 is connected from the anode of the LED 65 to a
negative voltage bias potential -5 volts and reservoir capacitor 69 is 10
connected between here and a reference potential 0 volts supply. A further
resistor 70 is connected between the common connected anode and cathode of
diodes 65 and 68 respectively to the reference supply. This circuit section
constitutes an enable gate. 15 The circuit mode at the anode and cathode of
doides 65 and 68 is also connected through a resistor 71 in the load
current path of switching transistor arrangement comprising transistor 72,
resistor 73 and 20    transistor 74.  The base terminal of the latter
transistor is connected to the variable potential terminal of a capacitor
75 and resistor 76 connected to the reference potential. This circuit
section constitues a self-start circuit. 25 The optical coupler is
completed by a light receiving transistor 77 connected in an amplifier
circuit comprising potential divider 78 and 79, ampliying transistor 81,
resistor 81 and capacitor 82 30    which provides an output at 83 connected
to the output proving block 20 of Fig. 1. The proving circuit 20 



comprising a rectifier circuit responsive to an alternating signal on line
83 to maintain a latching output signal or enable signal to the gate 14 and
the 35     self start circuit 22, see Fig. 1.  This enable signal also
constitutes the -5 volts supply for the enable gate, see Fig. 3.    - 10 -
In operation, of the circuit of Fig. 3 the capacitors 69 and 75 are
initially discharged and in order for the enable gate to operate the diode
65 must be forward baised. In steady state and correct 5     operating
conditions the bias potential for doide 65 is obtained from the output 83,
via the proving circuit 20 of Fig. 1, and therefore through a fully
operational, properly biased optical coupler.  It is therefore
self-latching in normal steady state operating 10    conditions.  When
power is initially provided the transistor 74 is biased non-conducting so
that transistor 72 conducts and commences charging capacitor 69 through
diode 68.  This temporary situation maintains a reverse-bias on LED 65 to
prevent its 15    operation and thereby block passage of an output signal.
As soon as capacitor 75 has charged sufficiently the transistors 74 and 72
assume opposite conduction states. The time constant of the charging path
of this capacitor 75 is enough so that capacitor 20    69 has charged
sufficiently to provide enough negative bias potential to forward bias
diode 65 which then relays an output signal via transmitter 77 to the
proving circuit 20 and, if correct, this sustains the negative bias
potential or continued operation. 25 If, or when, the output signal does
not energise the proving circuit 20 the capacitor 69 will discharge, 



through diode 68 and resistor 70, and eventually return reverse bias to
diode 65 blocking its further 30    operation, and the enable gate is then
latched into its block state. In a corresonding track circuit receiver
embodying the invention there is provided an essentially similar safe
latching circuit in the output.  A microprocessor is arranged to process
the received track circuit signal and to generate either of two correct
dynamic    outputs according to whether the track section is unoccupied or
occupied respectively.  A first output consists of an amplitude modulated
constant frequency or "carrier" signal and the second output consists of a
5     constant frequency or "carrier" signal only.  A third output state
comprises any other signal level or frequency and indicates a failure
state. Therefore correct operation of the microprocessor output circuits
will be proved by the presence of the "carrier" 10    frequency and an
additiona level of safety provided when the track section is occupied by
the extra requirement of detecting the correct modulation level. The output
latching circuit is arranged to be responsive to detection of the "carrier"
signal and the 15    gating means is connected in the receiver output so
that is disabled in the event of loss of the proving signal. 20 25 30 35
- 12 -          *   C  L  M  S   * 



CLAIMS 1.  Apparatus comprising an electronic circuit which in correct
operation provides an output containing an alternating signal having a
predetermined frequency component the presence of which component in the
output proves correct operation of the circuit, output gating means
connected in series with the output of the circuit, the gating means having
a first state in which it inhibits the output, and a second state in which
it passes said alternating signal and to which it is capable of being
operated by a gating signal, and detector means connected to receive the
output containing the alternating signal and responsive to the presence in
the output of said predetermined frequency component to produce the said
gating signal to operate the gating means to its second state to pass  the
said  output  signal,  whereby  the  output from the circuit is inhibited
when the said predetermined frequency component is not proved present in
the output. 2.  Apparatus as claimed in claim 1 wherein the gating means is
adapted to be operated to its second state by a d.c. voltage, and the
detector means is responsive to the presence of the predetermined frequency
component in the output to produce a gating signal comprising said d.c.
voltage. 3.  Apparatus as claimed in claim 1 or claim 2 wherein the gating
means comprises an optical coupler connected to be biased for operation by
the d.c. voltage gating signal produced by the detector means. 4. Apparatus
as claimed in any preceding claim further including a delay circuit means
responsive to initial commencement of a power supply to the electronic
circuit to delay operation of the gating means by the d.c. voltage gating
signal for a predetermined period of time sufficient to permit initial
operation of the electronic circuit.    



-  13  - 5.  Apparatus as claimed in claim 4 wherein the delay means
includes a capacitor the charging time constant of which determines the
period of said delay. 6. Apparatus as claimed in claim 5 wherein the gating
means comprises an optical coupler connected in a bias circuit including
the said delay means whereby operational bias of the optical coupler is
delayed for the period determined by the time constant of said capacitor.
7.  Apparatus as claimed in claim 6 wherein the gating means includes a
charging circuit for the said capacitor connected to provide during the
delay period a reverse bias to the optical coupler. 8.  Apparatus as
claimed in any preceding claim connected in a railway automatic train
protection system wherein a transmitter for producing a coded speed signal
comprises a carrier signal generator for producing a carrier signal of
predetermined frequency, a speed code signal generator, a signal modulator
having inputs connected with the carrier signal and code signal generators
and an output connected to a power output stage through gating means, the
gating means having a first state in which it inhibits the modulator output
signal and a second state in which it passes the said signal and to which
it is capable of being operated by a gating signal, and a detector for
producing said gating signal, the detector being responsive to the presence
in the modulator output of a signal component having the carrier signal
frequency to produce a gating signal to operate the gating means to pass
the modulator output signal to the transmitter power output stage, whereby
the power output from the circuit is inhibited when the carrier signal
frequency is not detected in the output of the modulator.   



- 13a - 9. Apparatus as claimed in any one of claims I to7 connected in a
railway track circuit receiver wherein gating means is connected in series
with the output of the receiver, the gating means having a first state in
which it inhibits the output and a second state to which it is capable of
being operated by a gating signal, and the detector means has an
input..connected to receive the track circuit receiver output and an output
connected to  provide the gating signal, the detector being responsive to
the presence in the track circuit receiver output of a signal component
having the predetermined signal frequency to produce a gating signal to
operate the gating means to pass the track circuit receiver output, whereby
the said output is inhibited when the predetermined track cicuit signal
frequency is not detected in the output of the receiver. 10. Apparatus
substantially as hereinbefore described with reference to the accompanying
drawings.    


