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APPARATUS FOR DRIVING AWEHICLE 

This invention relates to methods and apparatuses for driv 
ing a vehicle, in particular for making its speed follow a deter 
mined program of operation. These apparatuses comprise, on 
at least certain parts of the path followed by the vehicle, 
means capable of dividing this path into successive intervals of 
space and of emitting at the end of the travel by the vehicle 
along each interval of space a space signal or information, at 
least one receiver of these space signals installed on the vehi 
cle and a measuring device capable of exploiting these signals 
to supply magnitudes representative for example of the 
average speeds of the vehicle on each of these intervals of 
space or to translate them into orders adapted to be trans 
mitted to the traction or braking equipment of the vehicle. 

This invention concerns in particular such methods and ap 
paratuses as applied to trains, and more particularly still as ap 
plied to underground or subway trains which are subjected to 
a program of operation having very variable speeds along rela 
tively short lengths of travel and including numerous stops. 

If the successive intervals of space are equal among them 
selves, the division mentioned above can be realized, for ex 
ample, by the intermediary of measuring members carried by 
the train, for example by a generator driven by one of the 
wheels of the vehicle and producing periodic signals whose 
amplitude varies as a function of the speed of rotation of the 
wheels, the receiver then being capable of exploiting the 
periodic variations of amplitude of these signals. This division 
of the path into successive intervals of space can also be real 
ized, more particularly in the case in which these successive 
intervals of space are not equal among themselves, by the in 
termediary of a piloting cable, through which a periodic cur 
rent passes, disposed along the track in a manner such that it is 
adapted to produce a sequential signal adapted to be received 
by the receiver each time that the vehicle has completed the 
travel of one of these intervals of space. 

It has already been proposed to realize apparatus permitting 
automatic driving of a vehicle, in particular of a train, in which 
apparatus the piloting cable is adapted to produce sequential 
signals each time that the train has travelled an interval of 
space (which, in this case, will be called hereafter "sequen 
ce') proportional to the speed desired at the region con 
sidered, these sequential signals being exploited to control the 
piloting device (traction or braking equipment) of the train. 
More particularly, these signals are exploited, in most of the 
known apparatuses, to give a traction order to the vehicle if 
the measured time T, taken by the vehicle to travel a sequence 
is greater than a base time T, for example equal to 500 mil 
liseconds (msec.), this traction order being more energetic as 
the separation between the times T, and T is greater, and, 
reciprocally, a braking order if the measured time T, taken by 
the vehicle to travel a sequence is less than the time T, this 
braking order being more energetic as the advance of the time 
T on the time T is greater, the traction or braking equipment 
being, however, left at rest if the measured time T is equal to 
the time T or if the separation between T, and T is less than a 
predetermined threshold, the train then travelling on its head 
way, i.e., on its forward motion preserved from previous trac 
tion. 

It will be said in the following that the train travels on head 
way if the travel time of a "sequence' is equal to the base time 
T. mentioned above or when no traction or braking step of the 
train is actuated. 

In the apparatuses for making the speed of travel of a train 
follow a determined program that were the most commonly 
used hitherto, the receivers carried by the train are constituted 
by two field pickups and the piloting cable is disposed along 
the track in a manner such that these pickups are alternately: 
one pickup exposed to the electric field produced by the cur 
rent of the piloting cable, in a manner to supply logic informa 
tion 1 or 0 during the half-cycle considered (this pickup then 
being said to be in an “active position"), the other pickup pro 
tected practically from this field in order to supply the op 
posite logic information (this other pickup then being said to 
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2 
be in an "inactive position"), the permutations of the logic in 
formation produced in the two pickups being exploited to 
regulate automatically the speed of the train. 

It is known that, in practice, the laying of this piloting cable 
on the track is extremely delicate, in particular for ensuring 
that the two pickups pass simultaneously, one from an active 
position to an inactive position, and the other from an inactive 
position to an active position, whatever be the shape of the 
track. 

Furthermore, the realization of different speeds of travel for 
the trains is extremely difficult to realize from the piloting 
cable which defines in fact a single program of operation for 
all the trains, whereas it can be desirable, in particular in the 
case of the subway, to be able to provide a rapid rotation of 
the trains in the rush hours (the trains then operating at an ac 
celerated speed), on the contrary a slow rotation of these 
trains (slow speed of operation) during the slack hours, and 
finally, at still other hours, a "normal" speed of operation. The 
difficulty mentioned above appears above all in the zones of 
the track (called hereafter "slowing-down zones') in which 
the braking and the stopping of the trains must be executed, in 
particular in the stations, and in which the piloting cable must 
define shorter and shorter sequences according to a decreas 
ing law connected with the deceleration, for example equal to 
0.6 meters per second (m./sec.) that it is wished to impose on 
the train, before the piloting cable is eliminated under the 
train, the absence of any field picked up by the receivers con 
trolling the complete stop of the train. So that these sequences 
are always travelled by the train in the course of slowing down, 
but travelling on headway, in times that remain equal to a 
predetermined base time, for example 500 m.sec., practically 
until the stopping of the train, the lengths of the successive 
sequences in the slowing-down zone should decrease very 
rapidly, above all in the last part of these slowing-down zones 
and in particular as the square of the speed of the train 
travelling on headway. It will thus be necessary to control the 
actuation of more and more energetic braking steps, in order 
to impose on the train the above-mentioned deceleration. 
These braking steps will for example be actuated successively 
when the sequences are travelled in measured times, for exam 
ple equal to: 
T = 450 ms 
T = 400 ms 
T =360 ms 
T=330 ms 
T=310 ms 

in the case in which the trains comprise for example five brak 
ing steps F, F, F, F, F, of increasing force. 

It results from the foregoing that the train should not enter 
such a slowing-down zone at any speed whatsoever if it is 
desired to obtain progressive braking of the train, in other 
words if it is desired that the first braking steps are actuated 
directly on its entry into this slowing down zone. 

Supposing that the operating program determined by the 
cable corresponds to conditions of "accelerated travel' 
(travel desired in each sequence equal to 500 msec.), it will 
become rapidly difficult to use in the case in which it is desired 
to impose on the train slow speed operating conditions. In the 
known driving apparatuses, such operating conditions are in 
general obtained by authorizing the actuation of a traction 
step only when the train travels a sequence of its path in a time 
exceeding, for example, 625 msec. It will then be observed, 
that when it is wished to stop the train, a large part of the slow 
ing-down zone of the fixed piloting cable will remain unex 
ploited for the braking, since the train travels the first 
sequences of this slowing-down zone in times much greater 
than the time required (450 msec. in the above example) to 
actuate the first braking step F. This will only be realized at 
the moment when the slope of the law of decrease of the 
lengths of the sequences is already very steep, so that the pilot 
ing system will actuate the more energetic braking steps at 
times which are very close together, which will have for its ef 
fect a very fierce braking, and even, in the most unfavorable 
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conditions, the absence of stopping of the train which will con 
tinue travelling beyond the stopping point predetermined by 
the piloting cable. 
The chief object of this invention is to eliminate to a large 

extent the disadvantages which have just been set out, both 
with respect to the possibility of modifying the speeds of travel 
of the vehicle when it is driven automatically, and, when this 
automatic driving is realized by the intermediary of a piloting 
cable disposed along the path provided for the vehicle and 
defining the fixed-piloting program, the arrangement of this 
piloting cable in a manner to permit precise piloting and, in 
addition, extremely simple laying of this cable along the track. 
According to the principle feature of this invention, ap 

paratus for driving a vehicle comprises division means for 
dividing the path provided for the vehicle into successive in 
tervals of space capable of emitting sequential signals, and, on 
board the vehicle, at least one receiver adapted to pick up 
these signals at the end of the travel by the vehicle along each 
of these intervals, characterized by the fact that this apparatus 
comprises in addition a speed control device for controlling 
the effective speeds of the vehicle comprising a source 
adapted to supply, on at least certain parts of the path of the 
vehicle, at least one periodic reference signal whose frequency 
can be adjusted to a determined value, at the level of each of 
the intervals of space of these parts, to a value such that the 
product of this frequency by the length of this interval is pro 
portional to the average speed desired for the vehicle on this 
interval of space, and a counting device for counting the 
periods of the reference signal-controlled by said receiver to 
count the number of pulses (clock number) received during 
the travel by the vehicle along each interval of space, this 
speed control device permitting the determination on each in 
terval of space if the real speed of the vehicle is equal to, 
higher than or lower than said desired speed, according as the 
clock number measured on each of these intervals is equal to, 
lower than or higher than a determined fixed base number. 

In a first, particularly advantageous embodiment of the in 
vention, permitting the realization of completely automatic 
driving of the vehicle, the intervals of space constitute "- 
sequences" of lengths proportional to the speed desired for 
the vehicle at their respective locations and the reference 
signal has the same frequency, whose value can however be 
modified at will, at the location of each of these sequences, 
and the traction and braking equipment of the vehicle is con 
trolled by the counting device in order to give a traction or 
braking order to the vehicle, according as the number of pull 
ses counted (clock number) on each sequence is higher than 
or lower than a predetermined base number. 

In another embodiment of the invention the successive in 
tervals of space have lengths equal among themselves and the 
frequency of the reference signal is regulated to a value 
directly proportional to the speed desired for the vehicle at the 
level of each of these sequences, and detection means for de 
tecting overspeeds of the vehicle are controlled by the count 
ing device in order to produce, when the measured clock 
number falls below said base number, a signal adapted to be 
exploited by an alarm device or adapted to act on the braking 
equipment of the vehicle. 
The invention comprises, apart from this principal feature, 

certain other features, which are preferably used at the same 
time, but which could, should the occasion arise, be used 
separately, and which will be more explicitly described 
hereafter, in particular a second feature according to which, 
on the one hand, the piloting cable comprises a plurality of 
cable segments disposed along the track travelled by the vehi 
cle, as prolongations of each other, these cable segments being 
connected in twos by groups, similar to each other, of cable 
elements of discontinuous orientations with respect to the 
orientations of these segments, these groups extending respec 
tively along relatively short distances of the track, each seg 
ment and one of the above-mentioned associated groups hav 
ing a length each time equal to a sequence, and on the other 
hand, there are established on the vehicle at least one pickup 
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4 
exposed permanently to the field produced by the current 
passing through the piloting cable, and means for exploiting 
the relative variations of the field picked up during the passage 
of the vehicle above these groups in order to control the pilot 
ing device of the vehicle. 

In any case, the invention will be able to be well understood 
with the aid of the following complementary description and 
the accompanying drawings, which complementary descrip 
tion and drawings are, needless to say, given above all by way 
of example. 

In these drawings: 
FIG. 1 is a schematic representation of a piloting cable ac 

cording to a preferred embodiment of the invention, laid on 
the track travelled by the train; 

FIG. 2 is a curve representing a sequential pickup signal ob 
tained with the aid of a pickup having two coils cooperating 
with a piloting cable of the type shown in FIG. 1; 

FIG. 3 shows the different positions of such a pickup with 
respect to such a piloting cable, during the travel of the train 
above the cable parts adapted to permit the detection by the 
pickup of the moments of the passage of the train from one 
sequence to another, as well as the modifications of the field 
so picked up; 

FIG. 4 shows a variant of the path of the cable represented 
in FIG. 1; 

FIG. 5 represents schematically an advantageous circuit for 
shaping the sequential pickup signals; 

FIG. 6 illustrates a program of control of the equipment of 
traction, of braking and of travel on headway of the train; 

FIG. 7 represents in a schematic manner the constitution of 
the electronic circuit of a device, controlled by the sequential 
pickup signals, for counting the pulses of a source of deter 
mined frequency, in order to control the above-mentioned 
equipment; 

FIG. 8 shows a curve representing a control produced by a 
generator driven by an axle of a wheel of the train and a 
square wave signal curve resulting from the shaping of the 
control signal; 

FIG. 9 shows in alternate form the equipment for producing 
the signals of FIG.8. 
The following description relates to apparatus for the auto 

matic driving of a train, in particular of an underground or 
subway, from an operational program inscribed on the track in 
the form of a piloting cable disposed on this track and through 
which an electric control current passes, 
Concerning first of all the piloting cable itself, it is ad 

vantageously constituted, according to the invention, by mak 
ing it comprise a plurality of cable segments 11 disposed paral 
lel to the rails and substantially as prolongations of each other, 
these cable segments being connected to each other by groups 
12, similar to each other, of elements of cables of discontinu 
ous orientations with respect to the orientation of the above 
mentioned segments, extending along relatively short 
distances of the track, each segment 11 and one of the as 
sociated groups 12 having a length equal to one sequence, the 
train then being equipped with a pickup C exposed per 
manently to the field produced by the current passing through 
the piloting cable, and means, of which an advantageous em 
bodiment will be described hereafter, for exploiting the varia 
tions of field received by the pickup, at the location of these 
groups of elements, to control the piloting device proper of 
the vehicle. 

In practice, this cable is advantageously comprised by a sin 
gle cable, which is made to describe a figure of discontinuity at 
the location provided for each of these groups. This cable ex 
tends, for example, in the case of the subway, from one station 
to another, its ends being connected to a periodic current 
supply 9, for example by a wire 10a running along the rail 10b 
or by the rail itself (FIG. 1). 
According to a more particularly advantageous embodi 

ment of the preceding feature, the groups 12 of cable ele 
ments, having a discontinuous orientation with respect to the 
orientation of the cable segments 11, comprise an inclined Z 
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whose upper and lower bars, 13 and 14, connected to the ad 
jacent ends of two successive segments 11, form an angle, for 
example of 45, with the segments 11, the connection element 
15 of these two bars 13, 14 in the Z being advantageously per 
pendicular to the common direction of the two segments 11 
considered. Each group of elements 12 thus forms a double 
chevron having a common bar, this group of elements being 
designated more simply hereafter, for convenience of the lan 
guage, by the term "chevron.' 

Advantageously the pickup comprises two coils (only a sin 
gle coil being nevertheless necessary) A, B (FIG.3) carried by 
the train, both coils being vertically in line with the segments 
11 and spaced a short distance from each other, these two 
coils forming for example an angle of 45° with respect to the 
direction of the segments and being situated at a distance of 
approximately 8 to 12 centimeters (cm.) from these segments; 
advantageously this pickup also comprises a reference coil R 
also subjected to the field, and which, among other things, 
contributes to shape the signal produced by the pickup during 
its passage from one sequence to another, in a preferred em 
bodiment of the shaping circuit which will be described later 
on. Such a signal will be called hereafter "pickup signal' for 
the convenience of the language. 
One of the ends of the coil A is connected one end of the 

coil B so that the voltages induced in each of these coils are in 
phase, and so that the voltage appearing between the ter 
minals S, S. (visible in FIG. 5) constituted by their free ends is 
zero, when these coils both move above the piloting cable seg 
ments 1. 
When the coils arrive above a chevron 12, the modification 

of the layout of the piloting cable has the effect of making a 
phase displacement appear between the voltages induced in 
the two coils, and consequently of making a differential volt 
age appear between the terminals S1, S2, which differential 
voltage, after demodulation, gives rise to an effective voltage 
which is variable as a function of the respective positions of 
the two coils A and B with respect to the chevron, this variable 
effective voltage being then capable of being exploited to pilot 
the train, for example, as will be described hereafter. 
When the elements 13 and 14 of the chevrons form an angle 

of 45° with the direction of the cable segments 11 to which 
they are respectively connected, and the two coils A, B of the 
pickup are situated at a distance from each other equal to half 
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the diagonal of the square, of which the elements 13 and 14 45 
define two opposite sides, the effective voltage appearing at 
the terminals S, S of the coils A and B varies substantially ac 
cording to the curve E passing through the points 1, 2, 3, 4, 5, 
6, 7 of FIG. 2 (the values Ueff of this voltage being shown 
along the ordinate) as a function of the relative position (in 
dicated on the abscissa) of the pickup above a chevron 11 
(shown in dashed lines in FIG. 2). - 

This curve can be explained still more with the aid of FIG. 3, 
whose parts 3a to 3g represent, on the one hand, successive 
positions of the coils A and B with respect to the elements 13, 
14, 15 of a chevron, and on the other hand, the phase dis 
placement between the resulting induced voltages, the cor 
responding values of the effective voltage Ueff at the terminals 
s, S being given by the points 1, 2, 3, 4, 5, 6, 7 of the curve E 
of FIG. 2 (in which a reference chevron 12 is represented in 
dashed lines). 
When the coils A, B are located in the position represented 

in the part 3a of FIG. 3, both coils being still practically in a 
zone influenced solely by the segment 11, the field penetrates 
into the coils A and B by their respective faces 16a, 17a, the 
voltages induced in these coils being in phase, as shown sche 
matically by the single curve shown above the coils A and B, 
and the voltage at the terminals S1, S2 is Zero. 
When the coil A arrives above the cable element 13, as 

represented in the part 3b, the modification of its relative 
orientation with respect to the overall field received, makes a 
phase difference appear between the voltages induced in the 
coils A, B, and consequently, makes an effective voltage Ueff 

50 

55 

60 

65 

70 

6 
coil B being exposed only to the field of the segment 11, this 
phase difference also being symbolized, by the curve A in 
solid lines for the voltage induced in the coil A and the curve 
B, in dashed lines for the voltage induced in the coil B, above 
the drawing shown in the part 3b of FIG. 3. 

This phase difference continues to increase and the voltages 
induced in the coils finish by being in total phase opposition 
(as indicated by the curves A, B3), Ueff having the maximum 
absolute value represented by the point 3, when these coils oc 
cupy respectively the positions represented in the part 3c of 
FIG. 3, since, in this position, the field penetrates into the coil 
A by its face 16b, opposite to the face by which it enters, along 
the same angle of 45, when the coil is located above a seg 
ment 11, whereas the coil B is still essentially subjected to the 
field of the segment 11, which enters by the face 17a of this 
coil. 

This phase difference, as well as Ueff, are going to decrease 
again when the coils B and A continue to move towards the 
positions represented in the part 3d of FIG. 3, in which the 
voltage induced in these coils are again in phase, (Ueff 
represented by the point 4), in view of the symmetrical posi 
tions of the coils with respect to the element 15 of the 
chevron. 
The phase difference and the voltage Ueff (which have 

however changed sign) reappear again when the pickup con 
tinues its travel, the phases being again in opposition (curves 
A, bfor the position of FIG. 3e ) and Ueff maximum in ab 
solute value (point 5 of FIG. 2) when the coils reach the posi 
tions represented in the part 3e of FIG.3, the coil A reentering 
again the zone of action of a segment 11, this time the follow 
ing segment, the field then entering this coil A again by its face 
16a, whereas the coil Bessentially enters the zone of action of 
the element 14, the field penetrating into this coil by its face 
17b (instead of 17a as in the case of the part 3a of FIG. 3). 
This phase displacement decreases again in absolute value 

until the moment, when the coils occupy the positions 
represented in the part 3f of FIG. 3, the phase difference and 
Ueff being completely eliminated when the two coils are both 
again exposed solely to the field of a new segment 11. During 
the passage of a chevron, an induced voltage is obtained (FIG. 
2) whose law is given by the ordinate, associated with the signs 
-- and - for showing the change of phase with respect to a 
reference (advantageously coming from the reference coil R). 
The pickup signal thus obtained can therefore be exploited, 

advantageously after shaping, by the intermediary, in particu 
lar, of a preferred-shaping circuit which will be described 
hereafter, to determine, in an extremely precise manner, the 
moments in time of the passage of the train from one sequence 
to another; these signals can then be exploited by conven 
tional chronometry, or preferably, by a counting device ac 
cording to the invention which will also be described later on, 
to actuate the steps of traction, of braking or of travel on 
headway of the train, in conformity with the orders sent by the 
pickup. 
The type of piloting cable that has just be described is ex 

tremely easy to lay since the major part (which can reach 
more than 95 percent of its length) is laid in a straight line; the 
chevrons can be very simply obtained by making the cable 
pass at the desired regions around securing members fastened 
to a plank laid permanently on the track. 

Furthermore, this feature of the invention offers the ad 
vantage that the chevrons can be inscribed in squares of small 
dimension, for example 200 millimeters (mm.) to a side. In 
this manner there is thus also obtained a piloting cable having 
a real length reduced to the length of the track, with slight 
elongations near the cable necessary for the realization of the 
chevrons, and hence a reduction to a minimum of the power 
of the supplies of periodic current for the cable. 
Another advantage resides in the possibility of shifting easi 

ly a part of the piloting cable with respect to the overall 
direction of the cable, for example as represented in FIG. 4, 
for example from the middle of the track (central cable) to a 

represented at 2 in FIG. 2, appear at the terminals S1, S2, the 75 position near to the rails (lateral cable), for example to go 
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around a hole or a source of a considerable stray field; the 
train should then be equipped with a second pickup C, 
adapted to enter the zone of influence of the field of the seg 
ments la of the shifted part of the piloting cable to take the 
place of the pickup C, the ends of the interrupted segments 11 
of the central cable and the ends of the lateral cable being in 
terconnected in such a manner that the pickup Centers the 
zone of influence of the segments 11a of the lateral cable be 
fore the pickup C leaves the zone of influence of the segments 
11 of the central cable and vice versa when the central cable 
comes back into play, the signals produced by one or the other 
of these two pickups C, C being applied to the inputs of an 
"OR'-gate 18, the timing mechanism mentioned above then 
being controlled by the pickup signal appearing at the output 
of this gate. 
The shaping envisaged above of the pickup signal is then ad 

vantageously realized as follows: 
The differential pickup signal appearing at the terminals S. 

and S of the two coils A and B of the pickup is applied to a 
phase discriminator 21 (FIG. 5), whose phase reference 
comes from the voltage induced in the reference coil R, this 
phase discriminator supplying a demodulated signal whose ef 
fective voltage varies according to the function shown sche 
matically by the curve E in solid lines in FIG. 2. As 
represented in FIG. 2, this voltage has, for example, a positive 
half-cycle followed by a negative half-cycle with respect to the 
phase reference. 
The demodulated signal in question is used to supply the 

input (-) 23 of an operational amplifier 22, the input (+) 24 
of this amplifier being supplied with a positive voltage ob 
tained by the rectification of the signal supplied by a second 
winding R, carried by the reference coil, this voltage being 
lower in absolute value than the maximum amplitude of the 
demodulated voltage. 
The operation amplifier 22 is adjusted so that a constant 

positive voltage (state +) is obtained at its output as long as its 
input (-) 23 is not supplied with a negative voltage higher in 
absolute value than the rectified voltage supplying its input 
(--) 24. 
When the negative voltage supplying the input (-) 23 of the 

operational amplifier exceeds this threshold established by the 
rectified voltage at input (+) 24 (represented by the points 26 
in FIG. 2), the operational amplifier switches over to supply a 
negative voltage (state -) at its output. 
The signal produced by the operational amplifier during this 

switching over is exploited to make a Schmidt trigger 27 for 
example pass from a state (+) to a state (-), preferably when 
the voltage of the output signal of the operational amplifier 
passes through 0. 
The negative front of the signal supplied by the Schmidt 

trigger is then used to trigger a monostable multivibrator 28 
which supplies a square wave of determined duration, for ex 
ample a negative square wave of 100 microseconds, this 
square wave being directly exploited by the timing mechanism 
of the system of automatic piloting of the train to compare the 
times taken by the train to travel each sequence with the 
predetermined base time. 
The use of a rectified positive voltage coming from the 

winding R (reference) to supply the input (--) 24 of the 
operational amplifier is particularly advantageous in the sense 
that it renders the entire circuit substantially independent of 
the possible variations of amplitude of the intensity of the 
periodic current passing through the piloting cable, and in 
general, of the aleatory variations of the field picked up. Sup 
posing that the intensity of this current decreases, there is ob 
tained at the output terminals of the phase discriminator 21, 
an effective voltage of lesser amplitude, presenting for exam 
ple a function according to the curve E represented in dot 
dash lines in FIG. 2, but also a decrease in the same ratio of 
the rectified positive voltage supplying the input (+) 24 of the 
operational amplifier, so that the threshold of switching over 
(point 26a of FIG. 2) of this amplifier is also decreased in the 
same ratio, this switching over then being obtained at a sub 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

8 
stantially constant level of the pickup with respect to the 
chevron which caused the appearance of the differential 
signal, whatever be the intensity of the periodic current in the 
piloting cable. 
Such a system of shaping the differential signals appearing 

at the terminals S1, S of the coils A, B, practically permits the 
elimination of the stray fields which can can be picked up 
separately by the coils A, B. For these stray fields to be able to 
disturb the shaping of the differential signal, it would be neces 
sary not only that they influence the two coils A and B in a dif 
ferent manner, but also that they have the same frequency as 
the periodic current passing through the piloting cable, in 
order to pass through the phase discriminator 21. 
The square waves coming out of the monostable multivibra 

tor can then be directly applied to a timing mechanism mea 
suring the time taken by the train to travel each sequence, this 
timing mechanism being adapted to control the braking equip 
ment or the traction equipment of the train, or again to let the 
train travel on headway according as the time taken by the 
train to travel a sequence is smaller than, greater than or of 
about the same magnitude as the base time, for example 500 
milliseconds (msec.), which it would normally take to travel 
this sequence if it were travelling at the desired speed. 

In particular, in the normal case in which the braking and 
the traction equipment comprise respectively several steps of 
traction T, Ta etc... and of braking F, F, F, F, etc., the tim 
ing mechanism should be adapted to chose the appropriate 
traction step or the appropriate braking step according to the 
value of the separation between the time measured on a 
sequence travelled by the train and the base time. 

Although the square signals obtained at the output of the 
shaping device described above can be supplied to any con 
ventional timing mechanism capable of measuring and com 
paring the real times of passage of the train along each 
sequence with the time that it should theoretically have taken, 
in order to control the braking and traction equipment of the 
train to correct constantly its speed of travel, it is particularly 
advantageous to use the automatic driving apparatus accord 
ing to the present invention. This apparatus comprises a 
source of pulses (reference signal), of frequency adjustable to 
a determined value, which can, however, be modified at will, 
this reference signal being advantageously supplied by the 
half-cycles of the current passing through the piloting cable, 
whose frequency is carefully adjusted to a determined value, 
for example to 1,000 cycles per second. It further comprises a 
counting device for counting the pulses received, controlled 
by the sequential signals supplied by the pickups, in particular 
by the square waves mentioned above resulting from their 
shaping, for counting the number of pulses (clock number) 
received by the train above each sequence, this counting 
device being adapted to control the steps of braking or of trac 
tion according as the clock number is lower than or higher 
than the base number, for example 500. 
Supposing that the current passing through the piloting 

cable has a frequency of 1,000 cycles per second (piloting 
frequency), it will be realized that the train will travel on head 
way if the counting device counts 500 periods of this current 
during the passage of the train over each sequence. Further 
more, if means are provided for controlling the braking steps 
of increasing energies, for example five braking steps F, F, 
Fa, F, F, when the clock number measured by the counting 
device falls below values Nr to Nrrespectively equal to: 

450 
400 
360 
330 
310 

during the passage of the train above each sequence, and con 
versely, for controlling two traction steps T, Ta for example, 
when the measured clock number exceeds values respectively 
equal to: 

Nr. = 560 
Nr. is 630 
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it will be noticed that the piloting conditions are such that the 
train travels on headway when it travels the respective 
sequences in times of 500 m.sec., and that the various steps of 
the traction equipment and of the braking equipment are actu 
ated when the effective times of passage of the train along 
each sequence fall below: 

TF = 450 ms 
T = 400 ms 
Tr=360 ms 
Tr=330 ms 
T=310 ms 

for the braking steps and exceed the times of: 
T = 560 ms 
T= 630 ms 

for the traction steps. 
Needless to say, as results from the examples given above, it 

is appropriate to provide a certain latitude between the vari 
ous values of the clock numbers N, N. . . . measured along 
the sequences for actuating respectively the steps F, F, ..., so 
as to avoid "hunting' of the electronic piloting device when 
the times measured over the sequences oscillate about a criti 
cal value, which would have the effect of too rapid alternate 
actuation of consecutive steps. 
The great advance of counting the pulses of the reference 

signal and of controlling the equipment for traction, for brak 
ing and for travel on headway of the train, when the clock 
numbers cross determined thresholds, rather than controlling 
this equipment by the measurement of the times of passage of 
the train over successive sequences and by their comparison 
with a fixed time base, resides in the fact that (since these con 
trol clock numbers do not vary) a supplementary parameter is 
made available, constituted by the frequency of the reference 
signal, which can be adjusted to different values. It then 
becomes possible to obtain time bases of variable magnitudes, 
as well as, by consequence, variable desired speeds of travel of 
the train on headway, these desired speeds being variable by 
the simple adjustment of the frequency of the reference signal, 
this time base being now inversely proportional and the 
desired speed of travel on headway proportional to that 
frequency. The same piloting cable can thus be adapted to any 
conditions of desired travelling speed of the train, this desired 
speed being determined according to the desired time of 
passage of the train over each sequence. 

In particular, when it is desired to pass for example from the 
operating conditions defined above, which correspond for ex 
ample to conditions of accelerated travel, to conditions of 
slow travel, it is sufficient to reduce the frequency of the 
reference signal, hence to increase the time base correspond 
ing to the time of passage over each sequence of the piloting 
cable by the train, when the train travels on headway. 
The possibility of varying the speed of travel on headway of 

the train, in particular of permitting conditions of slow 
travelling, thus also leads to the fact that the train can also ap 
proach the slowing-down zones of its path at a slower speed. 
The braking equipment is actuated progressively as soon as 
the train passes over the first sequences which begin to 
become shorter, so that a gentler deceleration is obtained than 
in the accelerated travel conditions. Since the steady-state 
speeds of the train are proportional to the frequency of the 
reference signal, decelerations, in the slowing-down zones 
mentioned above, vary as the square of the ratio of the 
frequencies, so that each frequency of the reference signal 
corresponds to a different decreasing function for the 
decelerations desired for the train, from the same piloting ca 
ble. 

Supposing, for example, that it is wished to provide condi 
tions of “normal operation' with a speed viva / 1.1 
corresponding to the steady-state speed v of the conditions of 
accelerated operation, it is sufficient to modify the piloting 
frequency in the same ratio, that is to say to supply the piloting 
cable with a current of frequency equal to 1,000X111.1=910 
cycles per second. 
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The effective time of passage of the train over a sequence, 

when it travels on headway, will thus vary in the same ratio, 
since the effective base time corresponding to the operation of 
the train on headway then becomes equal to 550 msec. 
The base times, for three types of different operating condi 

tions having common fixed clock numbers N for controlling 
the steps of traction or of braking or of travel on headway, are 
shown in Fig. 6, which is presented in the form of a Table; the 
fixed clock numbers Nf, each provided with the index cor 
responding to the index of the braking step that it controls, are 
given in the left-hand column and the effective time bases T. 
provided with the corresponding indices, as functions respec 
tively of the three frequencies chosen for the current passing 
through the piloting cable, namely 1,000 cycles per second, 
910 cycles per second, 800 cycles per second, correspond 
respectively to the clock numbers shown on the same horizon 
tal lines with these time bases T. 

In particular, each of the braking steps is maintained as long 
as the measured clock number is comprised between the 
number NF having the corresponding index indicated in FIG. 6 
and the number N. corresponding to the actuation of the con 
secutive more energetic braking step, whatever be the value of 
the frequency. 

This Table also shows the conditions of control of the steps 
of traction, the first of which T, is actuated only when the 
measured clock number falls below 560 for example (and 
remains between 560 and 630), the train travelling on head 
way until this value of the clock number is reached, as in 
dicated by the descending arrow Ea; the step T, once actu 
ated, is nevertheless maintained until the clock number has 
again reached 500 (which is symbolized by the ascending 
arrow T. between the values indicated for Nr. (560) and E 
(500). 

Similarly, Ta is actuated when the clock number falls below 
630 for example, Ta being advantageously maintained until 
the clock number has again reached 500 (ascending arrow 
Taa). 

Naturally it is clear that the establishment of three operating 
conditions of the train which has just been described has only 
a purely illustrative purpose, since as many operating condi 
tions for the train can be established as frequencies can be 
chosen for the reference signal. The new feature according to 
the invention thus permits completely analogical adjustment 
of the operating conditions of the train. 

Concerning now more particularly the counting device 
mentioned above, for counting the number of reference signal 
pulses received, in the course of the passage of the train over 
each sequence, it can be established in any appropriate 
manner. Nevertheless, it is advantageous to use a counting 
chain controlled by the sequential signals appearing at the ter 
minals S-S of the pickups, such as the one that will be 
described hereafter, this counting chain comprising essentially 
(FIG. 7) a decade register supplied with the reference signal, 
comprising advantageously: 

three decades D1, D2, D3, mounted in cascade, realizing suc 
cessively a division by 10, a division by 100 and a division by 
1,000 of the reference frequency applied to the input of the 
first decade; 

decoding matrices MD, MD. . . . for realizing the binary 
decimal conversion of the binary information given by the 
decade register, in order to supply clock numbers in decimal 
form; 

a program matrix MP to which are sent the clock numbers 
obtained at the output of the decoding matrices, capable of 
switching the clock numbers towards one of the memories, for 
example, MT, MT, ME, MF, MF, MF, MF, MFs, each of 
these memories being adapted to be able to receive only the 
clock numbers contained in an interval which is proper to it 
(for example according to the program of Table 1 appearing 
below) and adapted to be able to register it only in 
synchronism with the input of the counting device for count 
ing a sequential pickup signal, to control, by the intermediary 
of power relays (not shown), one of the corresponding steps 
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T, Ta of traction, of braking F, F, F, F, F, or E of proceed 
ing on the headway of the train. 

Clock number Memory 
00-279 MF 
280-329 MF, 
330-359 MF 
360-399 MF, 
400-449 MF, 
450-559 E 
560-629 T. 
630-and more T 

These memories are such that a single one of them only can 
control a step; two memories cannot be controlled simultane 
ously. These memories then define a set of memories com 
parable to a keyboard where the depression of one key 
liberates the key already depressed beforehand, without two 
keys ever being able to be depressed simultaneously, such a 
feature then permitting to pass from one control to another by 
the simple excitation of the memory to be brought into play. 
The reference signal supplying the counting device is ad 

vantageously taken from the output terminals Sa, S. (FIG. 5) 
of the reference coil R of the central pickup C or from the out 
put terminals of the reference coil of the lateral pickup C1, ac 
cording as the train passes over a central portion or a laterally 
offset portion of the piloting cable, the corresponding signals 
being respectively applied to the inputs 101 or 102 of an 
"OR" gate P of the counting device, the signal obtained at the 
output of the gate P being sent, after amplification in an am 
plifier A, to the input 103 of a Schmidt trigger B, realizing the 
shaping of the reference signal and supplying at its output 104 
a square wave capable of supplying the first decade D, through 
a triggered gate P. 
The sequential pickup signals, advantageously shaped by a 

device such as the one described with reference to FIG. 5, 
controlling the above-mentioned device for counting the 
number of pulses received during the passage of the train over 
each sequence, are advantageously exploited for: 

terminating the counting sequence 
controlling the entry into the memory of the clock number 

then obtained at the output of the decoding matrices 
resetting the counting chain to zero 
and restarting a new count. 
All these operations are realized successively in a very short 

time, less than the duration, for example of 100 microseconds 
(us), of the control pulse, so that the clock number, measured 
over each sequence, is proportional to the absolute value of 
the time taken by the train to travel this sequence. 
The memory, having registered the preceding clock 

number, can then control, during the new count, the cor 
responding step of the equipment for braking, for proceeding 
on headway, or for traction of the train. 
These operations are advantageously controlled by the suc 

cessive edges of the square control pulse of 100 pusec. and of 
the signals obtained at the successive outputs of a series of 
monostable multivibrators M1, M2, M3, connected in cascade. 
The first monostable multivibrator is triggered by the negative 
edge of the square control pulse, obtained at the output 106 of 
an “OR” gate P, at the inputs 98, 99 of which are applied the 
pickup signals, after their shaping, coming, either from the 
central pickup C, or from the lateral pickup C1, according to 
the disposition of the piloting cable on the track at the region 
of the sequential signal picked up. 

In particular, the square control wave, obtained at the out 
put 106 of the “OR” gate P, is applied, in the electronic 
counting circuit shown schematically in FIG. 7, on the one 
hand, to the input 107 of the gate Pmentioned above, which is 
then closed by the negative edge of that pulse in order to inter 
rupt the succession of pulses at the input of the first decade 
D, and consequently their counting, and on the other hand, to 
the input of the monostable multivibrator M adapted to 
supply at its output a square positive pulse having a duration 
of 10 usec., which is applied to the input of the second 
monostable multivibrator M, 
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The monostable multivibrator M is adapted to be triggered 

by the negative edge of this latter pulse, thus with a delay of 10 
pusec., and is adapted to supply, on the one hand, at its output 
108, a pulse having a duration of 20 p.sec. exploited by the one 
of the memories which is then capable of registering the clock 
number, and one the other hand, at its output 109, a concomi 
tant pulse of 20 p.sec. whose negative edge triggers, with a sup 
plementary delay of 20 usec., the third monostable mul 
tivibrator Ma; the monostable multivibrator Ma sends in its 
turn, via its output 111, a pulse of 20 pusec. to the zero 
resetting inputs 112, 113, 114 of the decades D1, D, Da, these 
decades then being ready to restart a new count of the pulses 
supplied by the reference signal, as soon as the gate P has 
again been liberated by the positive front of the 100 usec. con 
trol pulse, for measuring the new clock number corresponding 
to the travel by the train over the following sequence of the 
piloting cable, and so on. 

It will be noticed that, in the circuit of FIG. 7, it has been 
proposed to decode only the hundreds and the tens of the 
clock number and not its units. However by referring to Table 
1 given above, it is apparent that the switching between two 
memories will be realized without considering the units of the 
clock number, since the switching from one memory to 
another always implies as well the switching of the tens digit of 
the particular switching clock numbers chosen. 

Needless to say, if it were desired to modify the program of 
switching of the memories, in particular to cause their 
switching by clock numbers having nonzero units digits, it 
would then become necessary to provide a supplementary 
decoding matrix capable of making the units digit of the clock 
numbers appear. 
As a result, whatever embodiment is adopted, the present 

invention always provides apparatus for the automatic driving 
of vehicles, in particular trains, whose operation is sufficiently 
clear from the foregoing that it is not necessary to give any 
further explanation in this connection. This apparatus has, 
with respect to already existent automatic-driving apparatus 
of the type in question, numerous advantages which have al 
ready been mentioned, including the possibility of continuous 
regulation of the operating conditions of the train. 

It also becomes possible, along a path which comprises 
several sections of piloting cables supplied by distinct sources 
of current, to envisage the regulation of the intervals of time 
between the passages of the successive trains in the same sta 
tion. 

Supposing, for example, that one of the trains of the line 
falls behind schedule (for example by waiting too long in the 
stations due to a larger number of passengers getting on or off 
than for the other trains), it can be advantageous to slow down 
the train which precedes the train already behind schedule, 
which can be easily accomplished by decreasing in the desired 
ratio the frequency of the current passing through the section 
of the piloting cable above which the preceding train is 
travelling at that time. 
Apparatus for the completely automatic driving of a train 

can also be realized by only bringing into play the variations of 
frequency of the reference signal, in particular in the case in 
which, all the other parts of the driving apparatus remaining 
the same, the path provided for the vehicle is divided into suc 
cessive intervals of space of lengths equal among themselves, 
and preferably, equal to the revolution of a wheel of the vehi 
cle, the variations of speed desired from one interval of space 
to another being then controlled by the modification in the 
same sense of the frequency of the reference signal. 
There again, the counting device described above acts, 

either on the traction equipment, or on the braking equip 
ment, according as the measured clock numbers are lower 
than, or higher than a determined base number which is al 
ways constant. 
The sequential signals exploited by the counting device can, 

as in the driving apparatus described above, be supplied to it 
by one or preferably several portions of piloting cable 
disposed along the track in a manner to divide the track into 
successive sequences equal among themselves, the periodic 
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currents passing through these portions of cable ad 
vantageously constituting, there again, the reference signal ex 
ploited by the counting device. 
However according to another embodiment of the inven 

tion, the division of the track, travelled by the vehicle, into in 
tervals of space preferably equal to the revolution of a wheel 
of the vehicle and the emission of a sequential signal each time 
that the vehicle has travelled such an interval of space are ob 
tained by the intermediary of means also carried by the vehi 
cle, in particular by the intermediary of a contact which is 
closed periodically by one of the wheels each time that this 
wheel has effected a complete revolution, or more ad 
vantageously, by a generator driven by one of the wheels of 
the vehicle and producing signals having a frequency propor 
tional to the speed of rotation of the wheels, these signals hav 
ing, at the end of each rotation of the wheel, a determined am 
plitude exploited to control the stopping of the counting of the 
pulses of the reference signal when the vehicle has completed 
the travel of a given interval of space and the beginning of the 
counting of these pulses on the following interval of space. 

FIG. 9 shows diagrammatically a section 300 of track on 
which rolls the vehicle, a piece of whose body is represented at 
301. Also shown is one wheel 302 of the vehicle. Mounted to 
be driven by the axle 303 is a rotary generator 304. This 
generator, which may be of any appropriate conventional 
type, delivers the signals of FIG. 8, which are utilized as previ 
ously explained. In particular, it delivers either directly a 
signal such as that shown at 208, in the event the generator 
simply closes a switch each time the wheel to which it is at 
tached makes one revolution, or its output, as shown at S in 
FIG. 8, is utilized as explained hereinafter. 
The source supplying the reference signal is then, in this em 

bodiment of the invention, constituted by the elements of con 
ductors disposed along the parts of the track considered, these 
conductor elements carrying periodic currents, preferably al 
ternating, of determined frequencies which are a function of 
the desired speeds on each of these parts for the vehicle. 
The driving apparatus thus modified, and more particularly 

the counting device, can moreover be used, not only for realiz 
ing completely automatic driving of the vehicles, but also for 
realizing semiautomatic driving, or according to one of its par 
ticularly advantageous applications, can be adapted as an au 
tomatic detection device for detecting overspeeds of travel of 
the vehicles along certain parts of their paths, for example in 
the curves, in the zones which precede their passage over the 
switches, etc. 
The counting device is then adapted to control the trigger 

ing of the alarm signal mentioned above or the actuation of 
the braking equipment of the vehicle when the clock number 
measured over one of the intervals of space exceeds a deter 
mined constant threshold. 
The construction of such a detector of overspeed can use 

the same elements as those described in connection with the 
driving apparatus mentioned above; 
The signal supplied by the generator driven by one of the 

wheels of the train has been represented, by way of example, 
in FIG. 8 which shows the variations of voltage V of this signal 
(shown on the ordinate) as a function of the distances l 
travelled by the train (shown on the abscissa). This signal can 
be shaped by a circuit of the type described with reference to 
FIG. 5 in order to supply at each period (at the points 204 of 
the curve of FIG. 8) a negative square wave 208; these square 
waves 208 then control a counting scale analogous to the one 
described with reference to FIG. 7, in which however the pro 
gram matrix MP and the memories Mrs. MT, etc. . . are 
replaced by a single memory which registers the clock number 
supplied in decimal form by the decoding matrices Mp, Mp, 
etc... in synchronism with the input of a square control signal 
208 in the counting scale to control the automatic braking of 
the train, the actuation of an alarm system, etc. . . if the clock 
number is lower than a determined base number. 
As a result, there are obtained very simple means of detec 

tion of overspeeds of a train along certain parts of its path, and 
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the maximum speeds authorized on each of these parts can 
easily be modified by the corresponding change of the 
frequency of the reference signal. 
Many variations of the invention are possible. For example 

according to one such variation, the source adapted to supply 
the variable frequency reference signal can also be established 
on board the train, its actuation being controlled and the 
frequency chosen, when the train travels along certain parts of 
the track, by sequential signals supplied to the train by emit 
ters established at certain regions of the track. 

In view of the various modifications and variations which 
can be made without departing from the spirit or scope of this 
invention, the invention should not be limited to the particular 
embodiments described by of example. 
What I claim is: 
1. Apparatus for driving a vehicle along a predetermined 

path, comprising: 
means for dividing said path into successive intervals of 

space; 
means associated with said intervals for producing sequen 

tial signals; 
at least one receiver on board said vehicle for detecting 

these signals at the end of the travel by the vehicle along 
each of these intervals; 

and a speed control device for controlling the effective 
speeds of the vehicle including means for supplying, on at 
least certain parts of the path of the vehicle, at least one 
periodic reference signal whose frequency can be ad 
justed at the location of each of said intervals of space of 
these parts, to a value such that the product of this 
frequency by the length of a given interval is proportional 
to the average speed desired for the vehicle on this given 
interval of space, and counting means for counting the 
periods of the reference signal, said counting means being 
controlled by said receiver to count the number of 
periods (clock number) received during the travel by the 
vehicle along each interval of space, and means to deter 
mine for each interval of space if the real speed of the 
vehicle is equal to, higher than or lower than said desired 
speed depending upon whether the clock number 
received for each of these intervals is equal to, lower than 
or higher than a predetermined base number. 

2. Apparatus according to claim i, characterized by the fact 
that said dividing means divide the vehicle path into succes 
sive intervals of space that are equal among themselves. 

3. Apparatus according to claim 2, characterized by the fact 
that said vehicle is wheeled and said dividing means comprise 
a contact which is closed periodically by one wheel of the 
vehicle each time that this wheel has effected a complete 
revolution. 

4. Apparatus according to claim 2, characterized by the fact 
that said vehicle is wheeled and said dividing means comprise 
generator means driven by one wheel of the vehicle and 
producing signals having a predetermined amplitude at the 
end of each wheel revolution, and means associated with said 
receiver to detect said predetermined amplitude. 

5. Apparatus according to claim 1, characterized in that the 
means for supplying said reference signal comprises conduc 
tor elements disposed on the vehicle path. 

6. Apparatus according to claim 1 further comprising means 
controlled by said counting means for producing an alarm 
signal when the clock number received in an interval of space 
falls below said base number. 

7. Apparatus according to claim 1, further comprising 
means for giving a braking order to the vehicle when the clock 
number received in an interval of space falls below said base 
number. 

8. Apparatus according to claim 1, characterized in that 
said dividing means comprise a piloting cable and means for 
passing an electric current through said cable, said piloting 
cable being disposed along the vehicle path in such a manner 
that this current creates a sequential signal adapted to be 
received by said receiver, each time that the vehicle has 
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travelled an interval of space of length proportional to the 
average speed desired for the vehicle at the corresponding re 
gion of said path. 

9. Apparatus according to claim 8, characterized in that 
said counting means produces a traction or a braking order for 
the vehicle depending upon whether the clock number 
received in each interval of space is higher than or lower than 
said base number. 

10. Apparatus according to claim 8, characterized in that 
said counting means produces successive braking orders when 
the received clock number falls below determined values of 
decreasing order all of which are lower than said base number, 
and produces successive traction orders when the clock 
number exceeds determined values of increasing order all of 
which are higher than said base number. 

11. Apparatus according to claim 8, characterized in that 
said reference signal is also formed by the current passing 
through the piloting cable. 

12. Apparatus according to claim 8, characterized by the 
fact that the means for supplying the reference signal com 
prises a device mounted on board the vehicle, adapted to be 
controlled by control signals supplied via the piloting cable to 
produce reference signals of different frequencies. 

13. Apparatus for driving a vehicle along a predetermined 
path, comprising: 

a piloting cable; 
a receiver on board said vehicle; 
means for passing an electric current through said cable, 

said piloting cable being disposed along the vehicle path 
in such a manner that this current can create a signal 
adapted to be received by said receiver each time that this 
vehicle has travelled an interval of space of its path hav 
ing a length proportional to the speed desired for the 
vehicle at this region of its path, this piloting cable being a 
single cable comprising a plurality of cable segments 
disposed along the vehicle path as prolongations of each 
other, these cable segments being connected in twos by 
groups, similar to each other, and made to describe, at the 
location of each said groups, a figure of discontinuity hav 
ing the form of an inclined Z whose upper and lower bars, 
connected to the adjacent ends of two successive seg 
ments, form an angle with the segments, the other ends of 
these bars being connected to each other by an element 
transverse with respect to the direction of said segments, 
these groups extending respectively along relatively short 
distances of the path, each segment and one of said as 
sociated groups having a length each equal to one interval 
of space, said receiver comprising pickup means exposed 
permanently to the field produced by the current passing 
through the piloting cable, thereby to receive signals from 
said current; and 

means for utilizing the signals so received to achieve auto 
matic driving of the vehicle. 
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14. Apparatus according to claim 1, characterized by the 

fact that the lower and upper bars of the figure of discontinui 
ty in the form of an inclined Z form an angle of 45° and the 
transverse element an angle of 90 with said segments of the 
piloting cable. 

15. Apparatus according to claim 14, characterized by the 
fact that said pickup means comprises two coils, situated at a 
distance one from the other smaller than the dimension of the 
groups in the direction of travel of the vehicle, these coils both 
normally moving along the piloting cable segments vertically 
in line with these segments, one of the ends of one of the coils 
being connected to one of the ends of the other coil, so that 
the voltages induced in each of these coils are in phase when 
said pickup moves above these segments. 

16. Apparatus for driving a vehicle along a predetermined 
path, comprising: means for dividing said path into successive 
intervals of space; means associated with said intervals for 
producing sequential signals; at least one receiver on board 
said vehicle adapted to detect these signals at the end of the 
travel of by the vehicle along each of these intervals; and a speed control device for controlling the effective speeds of the 
vehicle including means for supplying, on at least certain parts 
of the path of the vehicle, at least one periodic reference 
signal whose frequency can be adjusted at the location of each 
of the said intervals of space of these parts to a value such that 
the product of this frequency by the length of a given interval 
is proportional to the average speed desired for the vehicle on 
this given interval of space, and counting means for counting 
the periods of the reference signal; said counting means being 
controlled by said receiver to count the number of periods 
(clock number) received during the travel by the vehicle 
along each interval of space, thereby to determine for each in 
terval of space of the real speed of the vehicle is equal to, 
higher than or lower than said desired speed depending upon 
whether the clock number received for each of these intervals 
is equal to, lower than or higher than a predetermined base 
number, said counting means comprising a decade register 
controlled by said receiver and supplied with the reference 
signal, said register comprising several decades mounted in 
cascade for realizing successive divisions by 10 of the frequen 
cy applied to the input of the first of said decades, decoding 
matrix for realizing the binary decimal conversion of the bi 
nary information given by the decade register, in order to 
supply clock numbers in decimal form, a program matrix onto 
which are sent the clock numbers obtained at the output of the 
decoding matrices, and memories to which said clock num 
bers are switched by said program matrix, each of these 
memories being adapted to receive only the clock numbers 
contained in an interval which is proper to it and to register 
only in synchronism with the input into the counting means of 
a sequential signal, thereby to control one of the correspond 
ing steps of traction, of braking or of travel on the headway of 
the vehicle. 
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