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PULSE CODED RALWAY SIGNAL SYSTEM 

This invention relates to signalling systems and more 
particularly to a pulse coded transmitter and receiving 
system for operating railroad crossing indicators. 
Many different forms of signalling systems have been 

devised for protection of railroad crossings, most rely 
ing on the presence of a train at the crossing location 
for shunting of a signal impressed on the railroad tracks 
or for the completion of an electrical circuit through 
the tracks for control of a crossing relay. Most of the 
systems presently available have significant limitations, 
the DC system being limited in the number of signalling 
circuits possible on common tracks which is disadvan 
tageous where multiple crossings are encountered or 
where plural signals are desired. The impressed AC sig 
nal systems similarly have been found not highly reli 
able in that extraneously introduced signals caused by 
strong magnetic fields of electric trains, natural occur 
rences and the like may cause false indications in the 
signal circuit. Reliability is a chief design parameter for 
railway signalling systems and more exotic systems 
which are designed to obviate the effects of randomly 
introduced noise and the like must also be considered 
from the standpoint of an extremely high degree of as 
sured operation together with a requirement for mini 
mal maintenance procedures. 
The apparatus of the instant invention is especially 

advantageous in the utilization of highly reliable inte 
grated circuit and semi-conductor components to 
gether with a mode of operation which is almost impos 
sible to fault by the introduction of extraneous signals 
or by internal failure of the circuitry itself. In this re 
gard, an island of sensitivity for control of a crossing 
relay is determined by the connections of transmitter 
and receiver units to the track circuit and if desired, 
plural systems of this type may be utilized on common 
track circuits for overlapping protection or for control 
over different specified ranges of the track. 
The signalling system essentially comprises apparatus 

for generating a digital signal, cyclically repeated in a 
specific code pattern and transmitted through the mea 
surement range by conduction through the track cir 
cuit. Two audio tones are utilized as the carriers for 
transmission of the digital signals, being modulated in 
the specific code pattern which is developed in a binary 
counter and gate encoder energized from a low fre 
quency independent oscillator source. 
At the receiver location the digital signals are inde 

pendently monitored in a dual channel receiver, de 
modulated to a pulse train format and recombined for 
application to decoding circuitry. In the decoder the 
recombined pulse train is utilized to drive a binary 
counter and a synchronizing pulse common to both 
channels of digital information is separated for check 
ing the time of receipt of same in relation to the specific 
code pattern generated at the transmitter. Resulting 
digital signals are utilized for direct energization of a 
unique relay driver amplifier which maintains energiza 
tion of the crossing relay and provides timed delay in 
tervals for accommodation of transient fault signals. 
The digital signals are utilized to develop biasing and 
gating potentials for operation of an oscillator in the 
relay driver circuit. 

It is therefore one object of this invention to provide 
an improved railway signalling system which is fail-safe 
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2 
in operation and is more reliable than previously 
known systems. 

It is another object of this invention to provide an im 
proved railway signalling system which operates on a 
digital signal basis and which is highly insensitive to 
extraneously introduced signals. 

It is yet another object of this invention to provide an 
improved railway signalling system which monitors the 
track continuity as a part of the system and operates in 
a fail-safe condition upon fault anywhere within the 
system. 

It is yet another object of this invention to provide a 
unique form of relay driver amplifier circuit for ener 
gizing a crossing relay in response to a predetermined 
pattern of digital control pulses. 
Other objects and advantages of the present inven 

tion will become apparent as the following description 
proceeds. 
To the accomplishment of the foregoing and related 

ends, the invention, then, comprises the features here 
inafter fully described and particularly pointed out in 
the claims, the following description and the annexed 
drawing setting forth in detail a certain illustrative em 
bodiment of the invention, this being indicative, how 
ever, of but one of the various ways in which the princi 
ple of the invention may be employed. 

In said annexed drawings: 
FIG. 1 is a schematic drawing partly in block diagram 

form showing a typical interconnection of the compo 
nents of the system with a length of railroad track; 
FIG. 2 is a schematic drawing in block diagram form 

of the overall logic scheme of the system; 
FIG. 3 is a schematic drawing in block diagram form 

of the logic scheme for the encoder portion of the in 
vention; 
FIG. 4 is an electrical circuit schematic of the tone 

generator and modulator portion of the invention; 
FIG. 5 is a graph of wave shapes occurring in the sys 

tem, showing the specific recognition code pattern; 
FIG. 6 is a schematic drawing in block diagram form 

of the logic system for the decoder portion of the inven 
tion; and 
FIG. 7 is an electrical schematic drawing of the relay 

driver amplifier. 
Referring now to FIG. , there is shown a section of 

railroad track 10 with which the apparatus of the inven 
tion is interconnected for protection of a railway cross 
ing indicated generally by the arrow 11. A dual protec 
tive system for the railway crossing, providing an area 
of overlap is depicted in FIG. 1, however, for purposes 
of description only a single signalling circuit will be de 
scribed in detail. 

In FIG. 1 a first transmitter 12 and receiver 4 com 
bination is shown connected at first 15 and second 16 
locations along the track 10, such locations being on 
opposite sides of the railway crossing 11 with the re 
ceiver 14 located approximate thereto. A relay 18 is in 
dicated as associated with the first receiver 14, such 
relay being the conventional crossing signal relay for 
operating indicator lights, crossing gates and the like. 
A second transmitter 9 and receiver 20 combination 
is interconnected with the same railroad tracks 0, also 
having a crossing relay 21 associated therewith for sim 
ilar indication purposes or interconnectable with the 
relay 18 of the first signalling circuit for production of 
a common indication at the crossing location. As indi 
cated by lines 22-24 in FIG. 1, the first transmitter 
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receiver combination produces a general range of sen 
sitivity 22 through and at one side of the crossing 11 
while the second combination produces a range of sen 
sitivity 23 through and at the opposite side of the cross 
ing location, an overlap area being indicated by line 24, 
protected by both signalling systems and available for 
indication purposes if desired by the aforementioned 
interconnection of the individual signalling relays 18, 
21. 
While two independent signal circuits are indicated 

in FIG, 1, it will be apparent that many different combi 
nations of signalling circuits are possible with equip 
ment of this type, for example, of multiple forms of sig 
nalling are desired on common railroad tracks or inde 
pendent systems on parallel tracks, utilizing either in 
dependent or some common components from the ad 
jacent systems. In the described embodiment of this in 
vention each signalling circuit operates on a dual tone 
basis and plural circuits can be associated with com 
mon railroad tracks by the selection of sufficiently dif 
ferent pairs of tones so that no intermixing of signals 
OCCS. 

Referring now to FIG. 2, the mode of operation of 
the system can be determined from the block diagram 
of the major components, with references being pro 
vided for more detailed showings of portions of the sys 
te. 

A tone generator 25, comprising first and second 
tone oscillators 26, 27, is shown for providing carrier 
signals for the digital pulses used in the system, the out 
puts of the oscillators 26, 27 being applied to modula 
tor circuits 28, 29 respectively. A digital code of spe 
cific format is developed in an encoder 30 consisting of 
an independent oscillator 31 operating in the range of 
12 Hz, providing outputs to a binary counter 32 and en 
coder gate array 33. 
The binary counter 32 is a conventional flip flop 

counter of the four stage type providing parallel output 
signal levels on lines 34, which combination of output 
levels changes with each input pulse from the oscillator 
31. A specific recycled format of digital code is devel 
oped on the output lines 35,36, the code utilized in this 
embodiment of the invention being in a 4-3-1 format, 
providing four pulses on line 35, three pulses on line 36 
and a simultaneous pulse on lines 35 and 36, utilized as 
a sync pulse. Such format is shown in FIG. 5 as pulse 
trains 35a, 36a, with sync pulses at 43. 
The digital pulses on lines 35, 36 are employed as 

keying pulses and are applied respectively to the modu 
lators 28, 29 to provide digitally modulated audio sig 
nals on lines 37, 38 which are added together in a com 
biner circuit 39 and applied as a single input to the 
track drive amplifier 40. The track amplifier 40 is basi 
cally only a power amplifier for boosting the signal 
level to a suitable value to attain a sufficient island of 
sensitivity for protection of any particular railroad 
crossing. The output of the track amplifier 40 is iso 
lated in a conventional manner by an output trans 
former, the secondary winding of which is indicated as 
connected to terminals 41, in turn coupled to the rail 
road tracks 10, at a location 15. 
At the second location 16 closer to the railroad cross 

ing 11, is located the signal receiving portion of the sys 
tem and the crossing relay 42 for controlling indicator 
devices and the like. The signal receiving portion con 
sists essentially of a selective audio receiver 44 for de 
tecting the modulated carrier signals and converting 
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4. 
same to a pulse format, a decoder section 45 for recog 
nition of the specific code transmitted over the track 
circuit, and a relay driver amplifier 46 which acts as a 
further checking circuit, operating on a pulse energized 
basis. 
At the input of the receiver 44, connection with the 

tracks 10 is made via input lines 48, the signal being ap 
plied to a termination circuit 49 and in common to first 
and second filter units 50, 51 corresponding respec 
tively to the carrier frequency signals of oscillators 26, 
27. In this embodiment of the invention, both filter 
units 50, 51 are of the LC type, providing the selected 
tone band pass and possessing a recovery rate of ap 
proximately 20 Hz per second along with a high mea 
sure of selectivity so that a great number of different 
frequencies can be employed on the common track cir 
cuit if a more exotic control system is desired. It will be 
clear that other types of filter units 50, 51 may be em 
ployed other than the LC type, it being only necessary 
that high selectivity be available and that outputs be 
provided on lines 52, 53 representative of the modu 
lated wave forms, for application to the pulse former 
sections. 54, 55 of the receiver unit. 
Although not shown or described in detail, as many 

different circuit arrangements can be employed in this 
portion of the system, the pulse former units 54, 55 typ 
ically comprise a Darlington amplifier for boosting of 
the signal level, a discriminator and envelope detector 
for demodulation and development of the DC pulses 
from the carrier signal, a further Darlington amplifier 
for signal level gain and an output amplifier for refer 
encing the pulses to a zero voltage level for application 
to further circuitry. 

In the decoder 45, the pulse trains from the pulse for 
mers 54, 55 are applied in common to a pulse combiner 
circuit 56 and sync pulse separator circuit 57, the for 
mer providing a pulse train output on line 58 contain 
ing all of the transmitted digital information while the 
output of the sync pulse separator 57 provides pulses 
on line 59 only at the times of the commonly modu 
lated carriers. The sync pulse on line 59, arriving at the 
end of the 4-3-1 code is utilized to reset a binary 
counter 60 and to apply a signal to a coincidence gate 
61. The binary counter 60 senses the receipt of the cor 
rect number of pulses in the pulse train developed on 
line 58 and enables the coincidence gate 61 at a spe 
cific count so that if the sync pulse is timely received 
an output pulse will be developed for application of the 
relay driver amplifier 46. The combined pulse train is 
also supplied as one input to the relay driver amplifier 
46 and both inputs serve to directly develop operating 
potentials for the latter to provide an energizing voltage 
to the crossing relay 42 in order to provide the desired 
indication. In the event of malfunction anywhere in the 
system due to component failure or the prolonged re 
ceipt of additional pulses due to extraneously intro 
duced noise and the like or in the event that the signal 
is shunted at the track circuit due to the presence of a 
train at the crossing location, the pulse type inputs to 
the relay driver amplifier 46 will be varied from their 
normal pattern and cause deemergization of the latter, 
together with an indication from the signalling unit ac 
tuated by the crossing relay 42. 
While a general understanding of the operation of 

this system can be obtained from the foregoing, a de 
tailed description of operation is provided of a pre 
ferred embodiment of the system including a specific 
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code format and relay driver amplifier circuit 46 which 
is especially suited to the digital technique of handling 
information. Referring intially to the digital encoder 30 
shown in FIG. 3, there is included a transistorized oscil 
lator 62 which acts as a clock source for the remainder 
of the system, providing the desired timing of pulses 
therein and frequency of cycling to assure a reliable 
and yet responsive system. The oscillator 62 may be a 
conventional multivibrator circuit providing an output 
of 12 Hz for application to a monostable multivibrator 
63 connected in a Schmitt trigger mode for pulse shap 
ing purposes to provide a train of output pulses of pre 
determined amplitude and width and at a frequency de 
termined by the oscillator 62. The monostable circuit 
63 is of the integrated circuit variety as are most of the 
components in this system and is indicated as a NOR 
64, NAND 65 and bistable 66 circuit using conven 
tional logic symbols as is well understood in this art. 
Such logic symbology will be used throughout the de 
scription of this invention and the diagram is set up for 
understanding using the positive logic description 
wherein a positive level symbolizes a one signal and a 
ground level symbolizes a zero signal. Only a single 
grounded input 67 is shown to the NOR gate 64 in the 
monostable circuit 63, utilizing a portion of the inte 
grated circuit package to obtain a desired voltage level 
for application to the NAND gate 65. 
The binary counter 32 comprises four bistable stages 

68-71 interconnected in a conventional counting mode 
with only the first three stages 68-70 thereof required 
to accommodate the 4-3-1 code, but providing a ca 
pacity for other code formats. A biasing level is sup 
plied at line 72, and parallel outputs are available from 
the stages 68-70 for enabling first, second and third 
NAND gates 73–75 in a predetermined pattern to pro 
vide digital signal levels at the output terminals. Fourth 
and fifth NAND gates 76, 77 are further employed for 
development of the desired pulse trains, receiving as 
one input the output of the first NAND gate 73 and as 
the second inputs respectively the outputs of the sec 
ond and third NAND gates 74, 75. The output of the 
second NAND gate 74 is also coupled as an enabling 
input to the third NAND gate 75 and all three gates 
73-75 receive in common the digital pulse train ap 
pearing on line 78. 
Thus in operation, and using the convention that all 

high level inputs are required to provide a low output 
level from the NAND gates 73-77, the following mode 
of operation is obtained. At low counts of the binary 
counter 32 NAND gate 75 is enabled by way of the in 
version of NAND gate 74, the latter receiving as an 
input the third stage 70 voltage level of the binary 
counter 32 so that a first group of pulses are produced 
at the output of gate 77. When the binary counter 32 
reaches the fourth count to change the state of stage 
70, the conditions of NAND gate 74 and 75 are re 
versed so that a further group of pulses are produced 
at the output of NAND gate 76. The last count of the 
binary counter 32 is recognized in NAND gate 73 by 
virtue of the plural input connections from stages 
68-70 of the binary counter 32 so that NAND gates 76 
and 77 are enabled simultaneously to produce simulta 
neous synchronizing pulses at the respective outputs 
79, 80. - 
The binary counter 32 cyclically repeats this condi 

tioning pattern of the NAND gates 73-77, being 
stepped at the rate of the oscillator 62 to produce re 
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6 
petitive pulse groups at intervals of two thirds of a sec 
ond in the preferred embodiment of the invention. Any 
pattern of pulses may be selected for modulation pur 
poses, the 4-3-1 code, however, providing sufficient 
distinction so as to discriminate against noise pulses 
and the like, while requiring only a minimum of compo 
nents and as easily recognized code for testing, mainte 
nance procedures and the like. It will be clear also that 
if noise signals are encountered in this portion of the 
apparatus and even if the same code pattern is gener 
ated, it will be at an inconsistent rate which will be rec 
ognized in the decoder 45 and relay driver 46 circuitry. 
Referring now to the FIG. 4 schematic circuit dia 

gram of the tone generator portion 25 of the apparatus 
there is shown a pair of input terminals 81, 82 adapted 
for direct connection to the output terminals 79, 80 of 
the digital encoder 30 upon which the keying digital 
signals appear. The tone generator 25 is a dual channel 
84, 85 unit providing first and second audio frequency 
signals for use as carrier signals for transmitting the dig 
ital code over the railroad track 10. The tone channels 
84, 85 are similar, except for frequency determining 
components and channel 84 comprises an oscillator 
section 86, a modulator section 87, and an output am 
plifier 88 and the outputs of both channels 84, 85 are 
mixed or combined in a common amplifier stage 89 for 
production of a combined output signal at terminal 90. 
For purposes of description only channel 84 of the 

tone generator 25 will be described in detail and it will 
be apparent that a similar operation obtains in the sec 
ond channel 85. First and second transistors 91, 92 
form an oscillator circuit with feedback from transistor 
92 to the base circuit of transistor 91 being established 
through a series circuit consisting of resistor 93 and ca 
pacitor 94. Precise frequency stabilization for the oscil 
lator 86 is provided by an extremely high Q mechanical 
reed filter 95 comprising an input winding 96 con 
nected in the collector path of transistor 91 and an out 
put winding 97 connected in the base path of transistor 
92, coupling between the two windings 96, 97 being ef 
fected at a precise frequency of resonance as deter 
mined by the natural frequency of oscillation of a vi 
brating reed 98 disposed therebetween. While other 
frequency standards are suitable for use with the appa 
ratus of this invention, this particular form of oscillator 
86 provides a high degree of frequency stability, easily 
altered by the substitution of different reed filters and 
is of extremely high reliability. A filter especially suited 
for this application is the model RF-20 plug-in type fil 
ter manufactured by The Bramco Controls Division of 
Ledex, Inc. Typical frequencies of operation for the os 
cillator 86 may range from 313 Hz to 2706 Hz with at 
least 20 distinguishable frequencies in this range, and 
two such frequencies may be selected for the first and 
second channels 84, 85 of the tone generator 25. 
The output signal of the oscillator 86 is developed 

across a potentiometer 100 in the collector path of 
transistor 92, the adjustable slider 101 being connected 
by way of a series capacitor 102 to the modulating or 
keying circuit 87 comprising the series diode 103 and 
resistor 104 with capacitor 105 in parallel across the 
latter. Normally the diode 103 is forward biased by vir 
tue of the resistor 104 connection to ground 106 so that 
no input signal is applied to the base circuit of transis 
tor 108, connected in common emitter amplifier con 
figuration. The digital modulating pulses from terminal 
81 swing between a ground and plus 2 volt level, the 
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latter condition back-biasing the diode 103 to allow the 
output of the oscillator 86 to be coupled to the base cir 
cuit of transistor 108. The time constant of the resistor 
104 and capacitor 105 circuit is sufficiently short to fol 
low the modulating pulses and maintains the configura 
tion of same by preventing over-shoot and the like. 
The thus modulated carrier signal is coupled by way 

of capacitor 109 to the base electrode of transistor 110, 
connected as an emitter follower and acting as the 
combiner stage 89 for superimposing the two carrier 
signals in a common output. The output of the second 
channel 85 of the tone generator 25 is similarly coupled 
to the base electrode of transistor 110 by way of capac 
itor 111 and the resultant output of the circuit at termi 
nal 90 is a train of pulses of two different carrier fre 
quencies, modulated in a specific code pattern, i.e., the 
4-3-1 pattern, including the common synchronizing 
pulse which includes components of both carrier fre 
quencies. A common power supply for the tone genera 
tor channels 84, 85 is provided from terminal 112 con 
nected to a source of high DC voltage, delivering power 
through a series diode 113 and voltage dropping resis 
tor 114 to a filter capacitor 115 and voltage regulating 
zener diode 116. - 
The output terminal 90 of the tone generator 25 is 

coupled to the track drive amplifier 40, not detailed for 
purposes of this description, but providing essentially 
power amplification for the signal and suitable coupling 
to the railroad tracks 10. A three stage transistor ampli 
fier may be utilized for this purpose and preferably the 
output is coupled by way of a transformer having ap 
proximately a 2 Ohm secondary impedance and a series 
capacitor connection to the two output terminals 41 
which in turn are directly connected to the railroad 
tracks 10, utilizing any required railroad conventions 
such as lightening arrestors, voltage protection devices 
and the like. Further the track drive amplifier 40 may 
include a gating connection in which the circuit may be 
completely disabled for test or maintenance purposes. 
Similarly the receiver circuit 44 is not detailed for 

purposes of this description, except as generally set 
forth previously. Essentially, however, first and second 
filters 50, 51, preferably of the LC type receive the 
modulated signals in common and separate the trans 
mitted signal into two carrier channels. Each channel 
includes suitable voltage amplification devices, a dis 

8 
through the system. The sync pulse output on line 127 
of the pulse separator NOR gate 126 is applied to a 
monostable circuit consisting of NOR gate 132, NAND 
gate 133 and flip-flop. 134 which by way of amplifying 
NAND gate 135 produces a cancellation pulse on line 
136 for resetting of the binary counter 60 in prepara 
tion for receipt of the next cycle of transmitted pulses. 
Resetting of the binary counter 60 is also effected by 
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the condition of the last stage 131 of the counter, being 
connected by line 137 as one input to the NOR gate 
132 in the monostable circuit. 
The main purpose of the binary counter 60 is to de 

code the received pulses and such function is per 
formed in a coincident circuit 61, consisting of NAND 
gate 138, enabled at one input by the connection of line 
137 to the fourth stage 131 of the binary counter 60, 
and at the other input by the sync pulse on line 127 to 
produce a sync pulse output on line 139 at a rate of ap 
proximately % Hz as determined by the oscillator 62 in 
the digital encoder section 30. The sync pulse is applied 
to a pair of NAND gates 140 for amplification pur 
poses, providing common outputs on lines 141, 142 for 
application to the relay driver amplifier 46. The contin 
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criminator circuit and envelope detector together with 
a zero level referencing circuit, thereby providing the 
demodulating function and providing the pulse outputs 
on first and second lines, 

In the decoder 45 shown in logic diagram form in 
FIG. 6, such first and second lines 118, 119 are applied 
to first and second flip-flops 120, 121 by way of NAND 
gates 122 biased in turn by grounded input NOR gates 
123 for pulse shaping purposes, utilizing available com 
ponents on selected integrated circuit chips. The true 
outputs of the flip-flops 120, 121 are connected to a 
first NOR gate 124 providing the function of pulse 
combination, thereby providing a continuous train of 
pulses on output line 125 and the inverted outputs of 
the flip-flops 120, 121 are applied to a second NOR 
gate 126 for sync pulse separation purposes, providing 
only the sync pulse on the output line 127. 
The output of the pulse combiner NOR gate 124 is 

applied to the toggle input of the binary counter 60 
consisting of four JK flip-flop stages 128-131 to pro 
vide a repetitive count of the pulses, transmitted 
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uous pulse signal on line 125 is similarly applied to an 
amplifying NAND gate 143 for production of an output 
signal on line 144 consisting of a train of pulses occur 
ring at the 12 Hz rate, also for application to the relay 
driver amplifier 46. . . . . . 

It will be seen then that all components of the system 
must be operative in order to produce the continuous 
pulse train at the output of the NAND gate 143 and 
similarly that the pulses must be received in the specific 
code pattern to enable the coincidence gate 138 for re 
ception of the sync pulse at the proper time relative to 
the remainder of the code pattern. If extraneous noise 
pulses are received and intermingled with the code 
pulses, the binary counter 60 will have completed its 
count and have been reset via line 137 without the re 
ceipt of a sync pulse at the appropriate time or if some 
pulses are lost in the transmission, the binary counter 
60 will not have reached a sufficient count to enable 
the coincidence gate 138. Similarly noise pulses com 
mon to both input lines 118, 119 will cause a common 
triggering of the flip-flops' 120, 121 and production of 
a sync pulse on line 127 which will reset the binary 
counter 60 by way of the monostable circuit before re 
ceipt of the desired sync pulse. It will be clear that even 
though the binary counter 60 is disrupted in any one 
cycle, the receipt of a sync pulse on line 127 will reset 
same in preparation for the next cycle of digital signals 
so that synchronization is readily maintained. In the 
presence of a shunting medium at the tracks 10, how 
ever, such as a train which is desired to be detected, the 
discontinuation of pulses will recur over a great num 
ber of cycles and it will be pointed out that the specific 
configuration of the relay amplifier circuit 46 is de 
signed to distinguish between the intermittent or ran 
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dom occurrence of noise pulses, discontinuities and the 
like and the continuous disruption due to the presence 
of a train or continued inoperability of the system. 
The relay driver amplifier 46 is shown in schematic 

circuit form in FIG. 7 and comprises generally an en 
abled oscillator circuit 145, power amplifier section 
146 and relay energization circuit. 147. First and sec 
ond transistors 148, 149 are interconected by capaci 
tors 150,151 to form a multi-vibrator circuit and a pair 
of further transistors 152, 153 are connected in the 
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emitter leads thereof for gating the oscillator into con 
duction by the production of a suitable current path to 
ground 154. The synchronizing pulses on lines 141, 142 
of the decoder 45 are applied at first and second input 
terminals 155, 156 respectively, and by way of series 
resistors 157 and diodes 58 to the base circuits of the 
gate transistors 152, 153 which further include the 
shunt capacitors 159. The discharge time of the capaci 
tors 159 is on the order of 1% seconds so that syn 
chronizong pulses received at the rate of approximately 
% Hz will maintain the base bias of the gate transistors 
152, 153 at a suitable level to allow oscillation of the 
main transistors 48, 149. In the event of loss of sync 
pulses at either of terminals 155, 156 for a continued 
interval of time, other than the random loss of one or 
two pulses in sequence, the base electrodes will be 
drawn to ground potential and the gate transistors 152, 
153 cut-off to prevent oscillation of transistors 148, 
149. 
Further, the oscillator circuit 45 receives operating 

potential directly from the continuous pulse train ap 
plied at input terminal 160, connected to line 144 of 
the decoder 145, which pulses are applied through se 
ries resistors 161 and diode 162 to filter capacitor 163 
and shunt resistor 164 to supply operating potential on 
line 165. The time constant of the resistor 164 and ca 
pacitor 163 is on the order of 4 seconds to again allow 
for random loss of pulses but to be sufficiently respon 
sive to a continuous loss of pulses due to the presence 
of a train or inoperability of the circuit to disable the 
oscillator 145. 
The output of the oscillator 145 is realized at the col 

lector electrode of transistor 149 and is coupled by way 
of capacitor 166 to a three stage amplifier 146 compris 
ing transistors 167-169. Regulated DC voltage is ap 
plied to the remainder of the circuit by way of terminal 
170 with reference to ground potential at terminal 171 
so that only the oscillator circuit 145 obtains power 
from the pulse train and synchronizing pulses received 
from the decoder circuitry 45. 
The third transistor 169 in the AC coupled amplifier 
46 includes the primary winding of an output trans 
former 172 in the collector path thereof and the oscilla 
tory signal is rectified in a bridge rectifier 173 and fil 
tered by a shunt capacitor 174 to provide a source of 
DC voltage for the crossing relay coil 175 shown con 
nected to terminals 176. The fail-safe operation of the 
system may be readily visualized in that it is necessary 
for signals to be realized throughout the system to Sup 
ply energizing power for the signal relay coil 175 and 
the loss of signal due either to component failure any 
where throughout the system or shunting of the trans 
mitted signal by means of a train in the vicinity of the 
crossing location 11 will disrupt the energizing voltage 
for the relay coil 175 and cause automatic drop out of 
the crossing relay 42, a condition which is signalled by 
the closure of appropriate contacts or the like to pro 
vide a visual indication, lowering of the crossing gates 
or any other desired signal. A lock out connection is 
also included in the relay driver amplifier circuit 46 for 
maintenance purposes, consisting of an externally con 
nected switch 177 for shunting terminals 71, 178, 
causing grounding of the base electrode of transistor 
168, thereby presenting a cut-off condition. 
Referring again to FIG. 1, it will be recalled that the 

first transmitter 12 and receiver 14 combination em 
ploys two different tone signals as carrier signals in the 
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system and the second transmitter 9 and receiver 20 
combination can be utilized at the same crossing loca 
tion 1 and on common tracks 0 by the selection of 
differnet carrier signals so that no interaction between 
the systems occurs. It will be appreciated also that any 
number of signalling combinations may be employed 
on common tracks or that, for example, common trans 
mitter units may be employed on parallel track circuits 
while individual receiver units are connected as shown 
in FIG. 1. Further the system is perfectly compatible 
with other types of signalling systems which might be 
employed on the same tracks, for example the DC sig 
nalling circuits or even the audio frequency type cir 
cuits so long as sufficient discrimination is provided be 
tween the selected frequencies of operation. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as fol 
lows: 

1. Railway crossing signaling apparatus comprising 
means for developing a train of digital signals of spe 
cific character at a first location, means for coupling 
said digital signals into the railroad track, receiver 
means at a second location along the track for detect 
ing said digital signals, decoder means for sensing the 
specific character of such digital signals and for provid 
ing a control signal indicative thereof, means respon 
sive to such control signal for providing an indication 
at the crossing location, said digital signal developing 
means comprising a dual frequency signal generator for 
providing a train of pulses of at least two frequencies, 
and said receiver means being operative to sense such 
signals for production of a digital signal for application 
to said decoder means. 

2. Apparatus as set forth in claim 1 wherein said digi 
tal signal developing means comprises an independent 
oscillator for determining the rate of occurrence of 
pulses in the digital pulse train, a binary counter cou 
pled to said oscillator for providing plural gating sig 
nals, and a gate array enabled by said gating signals and 
said oscillator, said gate array having a pair of output 
terminals providing pulse trains thereon. 

3. Apparatus as set forth in claim 2 wherein said digi 
tal signal developing means further comprises switch 
ing means operative in response to the pulse trains on 
said pair of output terminals and said dual frequency 
generator to provide two digitally encoded and syn 
chronized trains of pulses. 

4. Apparatus as set forth in claim 2 further including 
means for combining said pulse trains for application to 
the track circuit, and a power amplifier for boosting 
such signals, said power amplifier having a transformer 
coupled output, the secondary winding being a rela 
tively low impedance winding adapted for connection 
to said tracks. 

5. Apparatus as set forth in claim 1 wherein said re 
ceiver means comprises first and second filters having 
pass bands corresponding respectively to the two fre 
quencies of said signal generator, said filters being cou 
pled in common to said tracks, and further including 
means for demodulating the outputs of said filters to 
provide pulse signals for control purposes. 

6. Apparatus as set forth in claim 5 wherein said de 
modulating means comprises plural amplifier stages for 
boosting the signal level, a discriminator and envelope 
detector circuit for producing DC pulses, and means 
for referencing the pulses to a zero voltage level. 
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7. Apparatus as set forth in claim 5 wherein said de 
coder means comprises a binary counter, means for 
combining the digital signals for application to said bi 
nary counter, and means for detecting the receipt of a 
sync pulse in a predetermined relation with respect to 
said digital signals, said detecting means being coupled 
to said binary counter. 

8. Apparatus as set forth in claim 7 wherein said de 
tecting means comprises a coincidence circuit enabled 
by said binary counter and adapted for transmission of 10 
a sync pulse at a specific state of said counter. 

9. A system for protection of railroad crossings and 
the like, comprising: 
a first and second transmitters located on opposite 

sides of a railway crossing and coupled to the rail 
road tracks, each said transmitter comprising a 
dual signal generator for producing an output sig 
nal having at least two frequencies, 

b. first and second receivers coupled to said tracks 
more closely adjacent the crossing than said trans 
mitters and on opposite sides of the crossing from 
the respective transmitters to provide a signal over 
lap in the region of the crossing, each of said re 
ceivers comprising means for accepting a single 
pair of said frequencies to be responsive to a single 
transmitter, 

c. relay means energized by said first and second re 
ceivers to provide a crossing indication, whereby 
said transmitters have different frequencies of op 
eration to avoid crosstalk and are adapted to pro 
duce digitally coded signals distinctive of each said 
transmitter. 

10. The system as set forth in claim 9 wherein said 
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12 
first and second receivers comprise digital signal de 
coders for energizing said relay means only in response 
to a predetermined digital code received from the re 
spective transmitters. 

11. The system as set forth in claim 10 wherein said 
first and second receivers are interconnected to pro 
vide a common indication for the crossing, only when 
a shunting medium is detected within the crossing. 

12. A system for protection of railroad crossings and 
the like, comprising first and second transmitters lo 
cated on opposite sides of a railway crossing and cou 
pled to the railroad tracks, first and second receivers 
coupled to said tracks more closely adjacent the cross 
ing than said transmitters and on opposite sides of the 
crossing from the respective transmitters to provide a 
signal overlap in the region of the crossing, relay means 
energized by said first and second receivers to provide 
a crossing indication, said transmitters having different 
frequencies of operation to avoid crosstalk and adapted 
to produce digitally coded signals distinctive of each 
said transmitter, said first and second receivers com 
prising digital signal decoders for energizing said relay 
means only in response to a predetermined digital code 
received from the respective transmitters, said first and 
second receivers being interconnected to provide a 
common indication for the crossing, only when a shunt 
ing medium is detected within the crossing, each said 
first and second transmitter comprising dual signal gen 
erators of differing frequency, and said receivers com 
prising means for accepting a single pair of said fre 
quencies to be responsive to a single transmitter. 
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