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(71) We, N.V. PHILIPS GLOEILAM-
PENFABRIEKEN, a limited liability Com-
pany, organised and established under the
laws of the Kingdom of the Netherlands, of
Emmasingel 29, Eindhoven, the Nether-
lands do hereby declare the invention, for
which we pray that a patent may be granted
to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement:

This invention relates to vehicle detection
systems wherein a transmitter supplying a
continuous wave signal is coupled to a
receiver via sensing means so that the
passage of each sensed vehicle produces an
increase in the level of the envelope of the
received signal.

Vehicle detection systems of the kind to
which the invention relates are known.

In one known system, the sensing means
comprise a transmitting coil forming part of
the transmitting means and inductively cou-
pled to a receiving means, the sensing
means being located beneath the road sur-
face. As a vehicle enters the zone of
influence, the inductive coupling between
the transmitting coil and the receiving coil is
influenced and causes a corresponding
change in the level of the received signal.

Another known system of the kind to
which the invention relates is that described
in United States Patent No. 3493954 in
which a high frequency reference signal is
applied to sensing means in the form of an
inductive wire loop embedded in a roadway,
the inductive wire loop being coupled to a
detector circuit for detecting impedance
changes resulting from the presence of a
vehicle.

In systems of the kind to which the
invention relates an amplitude selection
process is sometimes employed to detect
changes in the envelope level of the received
signal. However, the coupling between the
transmitting means and the receiving means

is influenced also by environmental condi-
tions and it is desirable to reliably disting-
uish between changes in the envelope level
of the received signal due to a vehicle and
changes due to environmental conditions
such as weather or road surface changes.
With amplitude selection processes, selec-
tion is related to a threshold level and, since
an environmental change usually takes place
over a longer period of time than that taken
for passage of a vehicle, compensation for
environmental changes may be achieved by
control of the threshold level in accordance
with the characteristics of a time constant.
However, the choice of a relatively long
time constant may render the system insen-
sitive to the presence of vehicles in the event
of a sudden environmental change whereas
the choice of a relatively short time constant
may render the system insensitive to the
presence of a stationary or slow moving
vehicle.

Moreover, where a plurality of similar
systems of the kind to which the invention
relates are employed in combination, the
levels of the respective received signals may
vary markedly from system to system owing
to the differences of physical layout and
local conditions associated with the respec-
tive sensing means. Such variations may
necessitate adjustment of each system to a
common level at the time of installation and
from time to time thereafter.

The system according to the present
invention requires no adjustment to a com-
mon level when used in association with
other similar systems and is also capable of
distinguishing between changes in the en-
velope level of the received signal due to a
vehicle and changes due to environmental
conditions. The system according to the
present invention is also capable of detect-
ing the presence of a stationary vehicle and
facilitates distinguishing a moving vehicle
from a stationary vehicle.
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In accordance with the present invention
the receiver of the system includes identifi-
cation means comprising:

a sampler for deriving sample voltages
corresponding with the envelope level of the
received signal at periodically recurring
sampling instants,

storage means for storing each derived
sample voltage at least until the next suc-
ceeding sampling instant,

a comparator for comparing each stored
sample voltage with the envelope level of
the received signal and activating an infor-
mation output when the envelope level
exceeds the stored sample voltage by a fixed
quantity thereby identifying an increase in
the level of the envelope of the received
signal having a rate of change, produced by
the approach of a vehicle, which exceeds a
predetermined rate.

Preferably, but not necessarily, the said
sampler, storage means and comparator are
combined with or form a pulse formation
means responsive to the envelope level of
the received signal upon activation of the
information output for forming a vehicle
indication pulse of duration related to that
of the change of the envelope level produc-
ing such activation.

The repetition rate of the said periodically
recurring sampling instants and the said
fixed limit should be selected in relation to
each other so that the said information
output is activated in response to positive-
going disturbances of the envelope having a
sharply rising leading edge produced by
approach of a sensed vehicle but is not
activated in response to positive-going dis-
turbances having a relatively slowly rising
leading edge produced by sensed environ-
mental changes.

Various forms of the invention are pos-
sible.

In one form of the invention, the said
sampler is connected to be suppressed by
activation of the said information output so
that the sampler, comparator and the said
storage means function in combination as
the said pulse formation means with the said
vehicle indicating pulses being produced at
the information output.

In another form of the invention, the said
sampler is continuously running in opera-
tion and the said pulse formation means
comprises a second storage means having
reset means and data input, data output and
storage command terminals wherein, fol-
lowing reset data present at the data input
terminal is transferred to the data output
terminal and, following activation of the
storage command terminal, data present at
the data input terminal at activation is
transferred to and stored at the data output
terminal until further reset and a second
comparator for comparing data present at

the data output terminal of the second
storage means with the envelope level of the
received signal so that the second compara-
tor output is activated when the said en-
velope level is greater than the level of the
data output terminal, a signal representing
the envelope level of the received signal
being applied to the said data input termin-
al, the storage command input terminal
being activated by activation of the said
information output and the second storage
means being reset by de-activation of the
second comparator output.

Embodiments of the invention will now
be described more fully with reference to
the accompanying drawings in which:

Figure 1 is a block schematic diagram of a
system embodying the present invention,

Figure 2 depicts a series of waveforms to
assist in explaining the operation of the
system of Figure 1 and the system of Figure

Figure 3 is a diagram illustrating, in
greater detail, a portion of the diagram of
Figure 1,

Figure 4 is a block schematic diagram of
another system embodying the present in-
vention,

Figure 5 is a schematic diagram illustrat-
ing, in greater detail, a portion of the
diagram of Figure 4,

Figure 6 is a block schematic of a further
system embodying the present invention,
and

Figure 7 depicts a series of waveforms to
assist in understanding the operation of the
system of Figure 6.

The system of Figure 1 comprises a
transmitting apparatus denoted by the let-
ters TX and a receiving apparatus denoted
by the letters RX. The transmitter coil 1 of
the transmitting apparatus TX and the
receiving coil 2 of the receiving apparatus
RX are each located just beneath the
surface of a roadway or traffic lane and
spaced apart from each other with their
respective coil axes substantially in align-
ment and orthogonal to the roadway or
traffic lane so that the inductive coupling
between the coil 1 and the coil 2 is influ-
enced by the presence of a vehicle in the
roadway or lane.

The generator 3 of the transmitter TX
produces, in known manner, a continuous
wave signal of constant frequency (e.g. 100
kHz) which is fed to the transmitting coil 1
and radiated thereby.

Signals received by the receiving coil 2 are
fed to the input of the receiving stage 4
which selects and amplifies, in a known
manner, incoming signals within a predeter-
mined bandwidth including the frequency of
the signal radiated by the transmitting coil.
Thus the output signal of the receiving stage
4 is a continuous wave signal which is
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amplitude modulated whenever a vehicle
passes over the sensing means formed by the
coils 1 and 2.

The RF output signal of the receiving
stage 4 is fed to a demodulation stage 5
which may be any one of several known
kinds of demodulator so that a signal corres-
ponding to the envelope of the received
signal is produced at its output.

The output signal produced by the de-
modulator 5 is simultaneously fed to one
input 1P7/2 of a comparator 7 and to the
input 1P6 of a sample and hold stage 6, the
output of which is fed to the other input
IP7/1 of the comparator 7. The output OP7
of the comparator 7 is connected to the
output terminal 10 and also to the control
terminal GC9 of the gate 9.

A free-running sampling pulse source 8 of
known kind produces sampling pulses at
periodically recurring instants, the sampling
pulses having a duration of 5 microseconds,
for example, and recurring at a pulse repeti-
tion frequency of 1 kilohertz, for example.
The sampling pulses produced by the source
8 are fed via the gate 9 to sample pulse input
SP6 of the sample and hold stage 6.

The waveform W1 of Figure 2(a) depicts,
by way of example, a waveform of a signal
at the output of the receiving stage 4. The
waveform W2 (represented by a dotted line
parts of which coincide with the solid line of
waveform W2) in Figure 2(b) respectively
depict the resultant signal produced at the
output of the demodulator stage 5 corres-
ponding to the envelope of the waveform
W1 and the resultant output waveform
produced by the sample and hold stage 6.

Between the instants T1 and T2 there is
no vehicle within the zone of influence and
the envelope level of the RF output signal is
constant. Between the instants T2 and T3
there is a steady rise in the level of the
envelope owing to a change of environmen-
tal conditions. Between the instants T3 and
T4 the envelope level is constant once more.
Between the instants T4 and T8 a vehicle is
approaching and passing over the sensing
means formed by the coils 1 and 2 and
accordingly a positive going disturbance D
of the envelope level is produced, the
waveshape of the disturbance being deter-
mined by the characteristics of the passing
vehicle. Between the instants T8 and T9
again there is no vehicle within the zone of
influence and the envelope level is constant.

It will be appreciated that the shape of the
disturbance D to the envelope of the RF
output signal W1 and also to the wave W2
between the instants T4 and T8 is the shape
produced by the passage of a particular
vehicle and that a different shape would be
produced by a different vehicle. The shape
of the envelope so formed can be referred to
as the “signature waveform” of a vehicle.

The length of time between the instants T4
and T8 1s, of course, related to the length of
the vehicle and to the speed of the vehicle in
question.

The waveform W4 of Figure 2(c) depicts
the sampling pulse waveform produced by
the source 8 and applied to the sample pulse
input SP6 of the sample and hold stage 6
when the gate 9 is open. The waveform W35
of Figure 2(d) depicts the resultant wave-
form produced at the output terminal 10.

A more detailed schematic diagram of the
sample and hold stage 6 is illustrated in
Figure 3. Positive-going sampling pulses
derived from the source 8 via the gate 9 and
as illustrated in Figure 2(c) are applied to
the sampling pulse input terminal SP6.
Simultaneously, the output signal of the
demodulation stage 5 corresponding with
the envelope of the received signal and, by
way of example, as illustrated by the wave-
form W2 in Figure 2(b) is applied to the
input terminal IP6 . The positive going
sampling pulses fed to the terminal SP6 are
fed via the inverter INV6 to the gate
electrode of the field effect transistor FET6
connected to function as a switch which is
closed whenever a sampling pulse is present
and is otherwise open so that each time the
transistor FET6 is “closed”, the capacitance
C6 charges to a voltage corresponding to
that of the input voltage present at the input
terminal IP6 and holds the charge at the
same voltage at least until the occurrence of
the next succeeding sampling pulse, where-
upon the process is repeated. The unity gain
voltage follower A6 provides a high impe-
dance across the capacitance C6 so that the
charge across the capacitance C6 remains
substantially constant between sampling
pulses with the voltage produced at the
output terminal OP6 coinciding with that
present across the capacitance C6. Thus, a
stepwise voltage corresponding to that illus-
trated by waveform W3 of Figure 2(b) is
produced across the capacitance C6 and also
as the output terminal OP6 in response to a
received signal as depicted by the waveform
W1 of Figure 2(a) and it will be appreciated
that whilst sample pulses are fed to the
sample and hold stage 6 (for example
between the instants T1 and T4) the wave-
form W3 is periodically brought to the same
level as the waveform W2, being of constant
amplitude between consecutive sampling
pulse instants. Should the supply of sample
pulses to the terminal SP6 of the sample and
hold stage 6 cease then the amplitude of the
waveform W5 remains constant at the en-
velope level at the time of the last occurring
sampling instant. '

With a received signal as depicted by the
waveform W1, the waveforms W3 and W2
are respectively supplied to the input IP7/1
and the input IP7/2 of the comparator 7.
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The comparator 7 is a unidirectional compa-
rator of known kind producing a logic “1” at
the output terminal OP7 when the voltage
applied to the input IP7/1 exceeds the
voltage applied to the input IP7/2 by a fixed
quantity being a characteristic of the unit
employed (which in most instances would be
an integrated circuit component of which
several known kinds are appropriate), a
logic “O” otherwise being produced at the
output terminal OP7. The fixed quantity
relating to the wave W3 can be denoted by a
changing level and is denoted by the broken
line L in Figure 2(b).

The gate 9 is also of known kind and is
such that with a logic “0” present at the
control terminal GC9, the gate is open
whereas a logic *“1” present at the terminal
GCQC9 closes the gate, terminating supply of
sampling pulses from the source 8 to the
sample and hold stage 6.

Consider now the effect of the waveform
W1 being received and the waveforms W2
and W3 consequently being produced at the
inputs IP7/2 and IP7/1 respectively. As the
amplitude of the waveforms W2 and W3 are
the same between the instants T1 and T2, a
logic ““O” is produced at the output OP7
and the gate O is open. During the period
between the instants T2 and T3, the en-
velope level of the received signal rises
slowly and prior to each sampling instant
denoted by the respective sample pulses of
the waveform W4, the voitage of the wave
W2 exceeds that of the wave W3. However,
between the instants T2 and T3 the voltage
difference between the waveforms W2 and
W3 does not exceed the said fixed quantity
denoted by the line L and a logic “O”
continues to be produced at the output
terminal OP7 and hence at the output
terminal 10. Again. during the period be-
tween the instants T3 and T4 the amplitude
of the waveforms W2 and W3 is the same
and logic “O” continues to be produced at
the output terminal OP7.

Between the instants T4 and TS there is a
significant increase in the level of the
waveform W2 owing to the disturbance D
produced by the passage of a sensed vehicle.
However, between the instants T4 and T3
the increase of voltage of the wave W2
relative to that of the waveform W3 again
does not exceed the said fixed quantity
denoted by the line L so that the gate 9
remains open and the sampling pulse P1 is
fed to the sample and hold stage 6 sampling
the envelope level at the instant TS and
resulting in a corresponding increase of the
level of the waveform W3.

Owing to the sharply rising leading edge
of the disturbance D, at the instant T6,
between the sampling instants of the sample
pulses P1 and P2, the level of the waveform
W2 exceeds that of the waveform W3 by the

said fixed quantity whereupon a logic “1” is
produced at the output terminal OP7 see
waveform W5, Figure 2d simultaneously
closing the gate 9 so that the supply of
sampling pulses to the sample and hold
stage 6 ceases. Thus, the level of the
waveform W3 remains at the envelope level
present at the instant TS5 and, as the level of
the waveform W2 continues to exceed that
of the waveform W3 by the said fixed
quantity until the instant 17, a logic ‘1" also
continues to be produced at the output
terminal OP7 until the instant T7 after
which a logic “O” is produced. As the gate 9
is opened by a logic “O” being present at
the terminal OP7 then following the instant
T7, the supply of sampling pulses to the
sample and hold stage 6 recommences, the
pulse P3 at instant T8 being the first
sampling pulse generated subsequent to
opening of the gate 9 at the instant T7.

It will be appreciated that a logic “1” is
produced at the output terminal OP7 and
hence at the output terminal 10 only when
the envelope level increases at a rapid rate
and the sensitivity of the receiver to a rapid
increase of the envelope level is not affected
by relatively slowly occurring changes of the
envelope level because the level denoted by
the line L of Figure 2(b) changes likewise.
Of course, the presence of a logic ““1” at the
output terminal 10 denotes the presence of a
sensed vehicle so that the pulse waveform
produced at the output terminal 10 can be
fed to a counter for counting the number of
vehicles sensed. As the duration of each
pulse produced at the output terminal 10 is
related to the duration of the disturbance
produced by a vehicle and hence to the
length of the vehicle, the information pro-
duced at the output terminal 10 may be
employed in combination with information
related to the speed of the second vehicle to
determine the length of each sensed vehicle.
Alternatively, the information produced at
the output terminal 10 may be employed to
detect when a vehicle is stationary over the
sensing means.

In the system of Figure 1, a sampler and a
storage means constituted by the sample
and hold stage 6 in association with the
sampling pulse source 8, together with the
comparator 7 form an identification means
in accordance with the invention and also
function as a pulse formation means of the
kind referred to earlier. However, in the
system of Figure 4, a sampler, a storage
means and a comparator form an 1dentifica-
tion means in accordance with the invention
and function in combination with a separate
pulse formation means of the kind referred
to.

Referring now to Figure 4, similar parts to
the system of Figure 1 are denoted by
similar numerals or letters. The sampling
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pulses from the source 8 are applied directly
to the sampling oulse input SP6 of the
sample and hold s7z£ 2 § so that the supply of
sampling pulses ic 2% suppressed as in the
case of the systcr= of Figure 1 and the
stepwise wave fc.: W6 of Figure 1(e)
depicts the wave si:zpe of the output signal
produced at the cutput terminal OP6 in
response to the reception of a signal corres-
ponding with that of Figure 2(a). Accord-
ingly, in response to reception of a signal
corresponding with that of a waveform W1
of Figure 2(a), a voltage having a wave
shape coinciding with that of the waveform
W2 of Figure 2(b) is produced at the input
terminal IP7/2 of the comparator 7 and a
voltage having a wave shape coinciding with
that of the waveform W6 of Figure 2(a) is
produced at the input terminal IP7/1 of the
comparator 7.

As the information output terminal 10 is
activated only when the voltage at the input
terminal IP7/2 exceeds that of the input
terminal IP7/1 by a fixed quantity, the
output terminal 10 is not, in this case,
continuously activated between the instants
T6 and T7 but is instead activated following
the occurrence of the individual sampling
pulses during sharply rising portions of a
positive going disturbance as depicted by
the waveform W7 of Figure 2(f) which
shows the voltage consequently produced at
the output terminal OP7 and hence at the
information output terminal 10. The portion
of the waveform W7 during which the
output terminals OP7 and 10 are activated
are denoted by the pulses P1 to P4 and it will
be understood such pulses are each pro-
duced following upon a sampling pulse and
as a consequence of the level of the wave
W2 exceeding the level of the stored vol-
tages, as denoted by the waveform W6, by
the aforementioned fixed quantity, before
the occurrence of the next succeeding sam-
pling pulse. In other words, there is activa-
tion of the information output terminal 10
only when the envelope level rises suffi-
ciently sharply between consecutive sam-
pling pulses that the fixed quantity is ex-
ceeded.

In the system of Figure 4, a second
storage means is provided in the form of a
data memory stage 11 which is connected to
operate in combination with a second com-
parator 12 to form therewith a separate
pulse forming means for forming vehicle
indication pulses of duration related to the
duration of positive going disturbances pro-
ducing activation of the identification circuit
formed by the sample and hold stage 6 and
the comparator 7. The data memory stage
11 is of a known kind and is schematically
illustrated in greater detail in Figure 5. The
second comparator 12 is also of a known
kind being similar to the comparator 7.

As illustrated in Figure 5, the data mem-
ory stage 11 comprises an analog to digital
converter portion A/D11, a digital store
DG11 and a digital to analog converter
portion D/A11. The analog to digital con-
verter portion A/D11 converts analog data
applied to the input terminal D11 into
binary encoded information which is applied
to the multiple inputs of the digital store
DG11. The digital store DG11 operates in
either a “storage mode” or a ‘‘non-storage
mode” and in the “‘storage mode” is capable
of storing binary encoded information for
indefinite periods. The ‘“storage mode”
function of the digital store DG11 is control-
led by signals applied to the storage com-
mand input terminal C11 in a known man-
ner such that a transition from a logic “O”
to a logic “1” at the input terminal 11 causes
binary encoded information present at the
multiple inputs of the digital store DG11 at
the instant of the transition to be transferred
to and stored at the multiple outputs of the
digital store DG11 until reset to the “non-
storage” mode.

Application of a logic “1” to the reset
terminal R11 resets the digital store DG11
to a “non-storage” mode in which informa-
tion present at the multiple inputs is effec-
tively transferred continuously to the multi-
ple outputs. The digital to analog converter
portion D/A1l converts binary encoded
information present at the multiple outputs
of the digital store DG11 into a correspond-
ing analog signal at the output terminal 011.

Returning to Figure 4, the output of the
demodulator 5 is supplied to the data input
D11 of the data memory stage 11 and also to
the input IP12/2 of the comparator 12, the
information output terminal 10 is connected
to the storage command input terminal C11
of the data memory stage 11, the output
terminal 011 of the stage 11 is connected to
the other input IP12/1 of the comparator 12
and the output of the comparator 12 is
applied to the reset terminal R1l of the
stage 11 as well as to the output terminal 13,
the output of the comparator 12 being
applied to the reset terminal R11 via a
monostable multivibrator (not shown)
which produces a short positive-going pulse
in response to a transition at the output of
the comparator 12 from a logic “1”” to a logic
“0”.

In operation, as in the case of the system
of Figure 1, identification of a positive-going
disturbance of the envelope of the received
signal activates the information output ter-
minal 10 but in the system of Figure 4 an
activation of the terminal 10 simultaneously
activates the storage command input ter-
minal C11 of the date memory stage 11 also.
The transition at the terminal C11 when the
terminal 10 is activated causes the data
memory stage 11 to operate in the storage
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mode producing an output voltage at the
terminal 011 and also at the input terminal
IP12/1 corresponding to the envelope level
of the received signal at the instant of such
activation. As a signal corresponding to the
envelope level of the received signal is
applied continuously to the other input
terminal IP12/2, then a sufficient further
increase in level of the envelope of the
received signal before the next sampling
instant causes a logic ““1” to be produced at
the output of the comparator 12 and at the
output terminal 13. The logic “1” continues
to be produced at the output terminal 13
until the level of the received signal en-
velope has fallen below the envelope level at
the instant of activation of the command
terminal C11. The related sequence of
events can be understood by reference to
Figures 2(b), 2(e), 2(f) and 2(g).

Assuming a signal such as that depicted
by Figure 2(a) is received then the wave-
form W6 is produced at the input terminal
IP7/1 and the information output terminal
10 is activated as indicated by the pulses P'1,
P’2, P'3 and P’4 of Figure 2(f). The leading
edge of the puls€¢ P'l at the instant
T6 causes the data memory 11 to go
to the “storage mode” and store a volt-
age at its output terminal 011 correspon-
ding to the envelope level of the received
signal at that instant i.e. the level of
the waveform W2 at the instant T6. As the
waveform W2 continues to rise after the
instant T6, the voltage at the input terminal
1P12/2 of the comparator 12 exceeds the
voltage at the terminal IP12/1 shortly after
the instant T6 causing a logic “1” to be
produced at the output terminal 13. The
data memory 11 remains in the storage
mode until the instant T7 when the level of
the waveform W2 falls below its level at the
instant T6 so that a pulse P’5 is produced at
the output terminal 13 having a length
related to that of the disturbance D of the
waveform 1. Transition from a logic “1” to
logic 0" at the terminal 13 is communicated
to the reset terminal R11 causing the data
memory stage 11 to be reset to the non-
storage mode so that there is no difference
in the voltage produced at the input termin-
als IP12/1 and IP12/2 until the terminal C11
is next activated. Thus, until the next
activation a logic “0” is produced at the
terminal 13.

Thus, the presence of a logic “1” at the
output terminal 13 denotes the presence of a
sensed vehicle so that the pulse waveform
produced at the output terminal 13 can be
fed to a counter for counting the number of
vehicles sensed. Again, as the duration of
each pulse produced at the output terminal
13 is related to the duration of the disturb-
ance produced by a sensed vehicle and
hence to the length of the vehicle, the

information produced at the output terminal
13 may be employed in combination with
information relates to the speed of the
sensed vehicle to determine the length of
each sensed vehicle. Alternatively, the in-
formation produced at the output terminal
13 may be employed to detect when a
vehicle is stationary within the sensing zone.

A practical variation of the system of
Figure 4 is illustrated in Figure 6. The
system of Figure 6 is fundamentally similar
to that of Figure 4 and again like parts are
denoted by like numerals or letters. Howev-
er, means are provided for indicating when
a sensed vehicle is at a standstill within the
zone of influence and, in addition, other
means are provided for producing a sharply
defined pulse of short duration in response
to each positive going disturbance of the
envelope of the received signal identified as
being produced by an approaching vehicle.

Referring now to Figure 6, the RF output
signal of the receiving stage 4 is also fed to a
dividing stage 14 which is sensitive to the RF
signal and not to variations in its envelope
level. The dividing stage 14 thereby func-
tions as a source of sampling pulses or clock
pulses which are respectively applied to the
sample and hold stage 6 and to the input of a
shift register 16. Accordingly, in Figure 6
the source 8 (of Figure 4) is not provided.
The division ratio of the dividing stage 14
should be chosen having regard to the
information ultimately intended to be de-
rived from the received signals. By way of
example, it will be assumed the dividing
stage 14 as a division ratio of 1:20 (assuming
the frequency of the RF output signal of the
receiving stage 4 is 100 kilohertz) to produce
sampling pulses having a pulse duration of
approximately 10 microseconds each and
having a pulse repetition frequency of 5
kilohertz.

Again, the demodulated output signal of
the demodulator stage 5, which corresponds
with the envelope level of the received
signal, is fed simultaneously to the sample
and hold stage 6, to the data input of the
date memory stage 11 and to one of the
inputs of the uni-directional comparison
stage 12. However, in this case, a bi-
directional comparator 15 is employed in
lieu of the uni-directional comparator 7 (of
the Figure 4 system). Accordingly, the
output of the demodulator stage 5 is also
applied to one input of the comparator 15
and the output of the sample and hold stage
6 is fed to the other input of the comparator
15.

The bi-directional comparator 15 is of a
logic known kind and its operation is such
that a logic “0” is produced at its output
terminal OP15 when the voltage at the input
terminal IP15/2 is substantiailly equal to
(within fixed quantity limits) that at the
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input terminal IP15/1 but a logic “1” is
produced at the output terminal OP15
whenever the voltage =i the terminal IP15/2
falls outside fixed quaz:ity iimits above and
below the voltage at the ierminal IP15/1.
The output of the bi-directional comparator
15 is connected to the terminal 10 which
corresponds with the information terminal
10 of Figures 1 and 4.

The information terminal 10 is connected
to one input of the “and” gate 16 to the
other input of which the output of the
comparator 12 is fed via the inverter 17, the
output of the gate 16 being connected to the
output terminal 18 and also to the storage
command input terminal CI11 of the data
memory stage 11. The information terminal
10 is also connected to the reset terminal
R16 of the shift register 16, the output of
which is connected to one input of the
“and” gate 19. The output of the compara-
tor 12 is fed to the remaining input of the
“and” gate 19, the output of the “and” gate
19 being connected to the output terminal
20.

The shift register 16 is of a known kind
having four bi-stable stages in cascade.
Upon reset, the shift register 16 is set to an
initial state in which all stages are unloaded
(i.e. in a logic “0” state) so that a logic “0”
is consequently produced at the shift regis-
ter output. Each pulse applied to the shift
register input simultaneously advances the
shift register stage and loads a logic “1” into
the first stage. Accordingly, a succession of
four or more pulses, without reset, produces
a logic ‘1 at the shift register output,
otherwise a logic “0” continues to be pro-
duced. As the output of the shift register 16
is fed via the “and” gate 19 to the output
terminal 20, a succession of four or more
sampling pulses without reset of the shift
register 16 produces a logic “1”also at the
output terminal 20 provided the gate 19 is
opened by the presence of a logic *1”
simultaneously at the output of the compa-
rator 12, the presence of a logic “1”” at the
terminal 20 indicating a sensed vehicle is at a
standstill within the sensing zone.

The arrangement comprising the *‘and”
gate 16 and the inverter 17 is provided so
that a single pulse of short duration is
produced at the output terminal 18 by the
entry of a vehicle into the sensing zone. The
pulses produced at the terminal 18 are well
suited for application to a counter for
counting the number of vehicles sensed.

The output of the comparator 12 is
applied to the reset terminal R11 via a
monostable multivibrator 21 which forms a
short duration puise in response to a transi-
tion from logic ““1” to logic “0” at the output
of the comparator 12.

The operation of the system of Figure 6
may be better understood from the wave-

form illustrated in Figure 7 which show, by
way of example, the waveforms of signals
produced at various parts of the system as a
consequence of the passage of a first vehicle
through the sensing zone followed by the
entry of a second vehicle into the sensing
zone wherein the second vehicle comes to a
standstill.

Figure 7(a) shows the waveform produced
at the output of the demodulator 5 corres-
ponding with the envelope of the received
signal. Between the instants T10 and T12 a
first sensed vehicle is passing through the
sensing zone resulting in the positive-going
disturbance D10. Between the instants T12
and T13 there is no vehicle within the
sensing zone. Between the instants T13 and
T15 a second sensed vehicle is entering the
sensing zone resulting in the positive-going
disturbance D11, the second vehicle being
stationary within the sensing zone from the
instant T15 onwards.

Figure 7(b) shows the waveform pro-
duced at the output of the divider 14
showing the train of sampling pulses sup-
plied simultaneously to the sample and hold
stage 6 and to the shift register 16.

Figure 7(c) shows the stepwise waveforms
of the signal produced at the output of the
sample and hold stage 6 and supplied to the
input terminal IP15/1 of the bi-directional
comparator 15.

Figure 7(d) shows the waveform pro-
duced at the output terminal OP15 of the
bi-directional comparator 15 and hence also
at the information terminal 10 as a result of
the comparison of the respective waveforms
of Figure 7(a) and Figure 7(c). It will be
noted the terminal 10 is activated by the
presence of a Jogic “1” each time the voltage
of the waveform of Figure 7(a) changes in
excess of a fixed quantity relative to the
respective stored sample voltages of the
stepwise waveform of Figure 7(c) during the
intervals between consecutive sample
pulses.

Figure 7(e) shows the waveform produced
at the output of the “and” gate 16 and
applied to the terminal Cl1 of the data
memory stage 11 and also to the output
terminal 18. It will be realised that during
the disturbance D10, the first activation of
the terminal 10 occurs at the instant T11 at
which time a logic “0” is present at the
output of the comparator 12 so that the gate
16 is opened. However, as the leading edge
of the disturbance D10 continues to rise, a
logic “1” is produced at the output of the
comparator 12 shortly after the instant T11
causing closure of the gate 16 so that the
pulses of the waveform of Figure 7(e) are of
short duration, no further pulses being
produced at the output terminal 18 for the
duration of the disturbance D10.

Figure 7(i) shows the waveform produced

70

75

80

85

90

95

100

105

110

115

120

125

130



1 573 673

10

15

20

25

30

35

45

50

55

65

at the output of the data memory stage 11
during the respective “non-storage” and
“storage” modes. When in the storage
mode during the disturbance D10, the vol-
tage produced at the output of the memory
stage 11 is indicated as V1, coinciding with
the voltage V1 of the waveform of figure
7(a) at the instant T11 i.e. the instant at
which the information terminal 10 is acti-
vated. Similarly, when in the storage mode
during the disturbance D11, the voltage
produced at the output of the memory stage
11 is indicated as V2, coinciding with the
voltage V2 of the waveform of Figure 7(a) at
the instant T14. Of course, the relative
magnitudes of V1 and V2 may differ signifi-
cantly.

Figure 7(f) shows the waveform produced
at the output of the unidirectional compara-
tor 12 and at the output terminal 13 as a
consequence of the waveforms of Figure 7(i)
and Figure 7(a) being compared. It will be
noted that during the disturbance D10 a
logic “1” is produced at the output of the
comparator 12 from an instant shortly after
the instant T11 when the voltage of the
waveform of Figure 7(a) exceeds the voltage
V1 at the output of the memory stage 11
until the instant T12 when the voltage of the
waveform of Figure 7(a) falls below the
voltage V1 at the output of the memory 11.
Similarly, during the disturbance D11, a
logic “1” is produced at the output of the
comparator 12 from an instant shortly after
the instant T14 when the voltage of the
waveform of Figure 7(a) exceeds the voltage
V2 stored at the output of the memory 11. A
logic “0” is produced at the output of the
comparator 11 between the instants T12 and
T14.

Figure 7(g) shows the waveform of the
voltage produced at the output of the shift
register 16. Immediately prior to the instant
T10 a logic “1” is present at the shift register
output because there has been a series of
sampling pulses, in excess of four, applied to
the shift register input without reset of the
shift register 16. Between the instants T10
and T12, a logic “0” is produced at the
output of the shift register 16 owing to
repeated resetting of the shift register as a
consequence of repeated activation of the
terminal 10 indicated by the waveform of
Figure 7(d). Between the instants T12 and
T13 there is no reset of the shift register 16
and the shift register is advanced three times
and accordingly at the instant T13 a logic
“1” is produced and remains until the
occurrence of the next succeeding sampling
pulse whereupon re-set of the shift register
16 occurs. Thereupon a logic “0” is pro-
duced at the shift register output. Again,
following the instant T15 when the sensed
vehicle causing the disturbance D11 has
come to a standstill, the shift register 16 is

advanced sufficiently for a logic “1” to be
produced at its output.

Figure 7(h) shows the waveform of the
voltage produced at the output terminal 20
as a consequence of the waveform of Figure
7(g) being applied to one input of the “and”
gate 19 and an inverted version of the
waveform of Figure 7(f) being applied to the
other input. A logic “1” is produced at the
output terminal 20 only in response to a
stationary vehicle within the sensing zone
i.e. subsequent to the instant T15 during the
disturbance D11.

Figure 7(j) shows the waveform produced
at the output of the monostable multivibra-
tor 21 showing a single pulse produced by
the multivibrator in response to the transi-
tion of the waveform of Figure 7(f) from a
logic “1” to a logic “0”, the single pulse
indicated resetting the data memory stage
11 to the non-storage mode.

Many variations of the embodiments of
the invention described in relation to the
systems of Figures 1, 4 and 5 will be
apparent to persons skilled in the art. For
instance, for the sake of simplicity in rela-
tion to the system of Figure 6, a four stage
shift register is provided whereas it will be
evident that a shift register having a greater
number of stages will be more appropriate
in many cases, the choice of the number of
stages depending upon the pulse repetition
frequency of the respective sampling pulse
source and the performance characteristics
required of the system itself. Such variations
are intended to be included within the scope
of the present invention.

WHAT WE CLAIM IS:

1. A vehicle detection system wherein a
transmitter supplying a continuous wave
signal is coupled to a receiver via sensing
means so that the passage of each sensed
vehicle produces an increase in the level of
the envelope of the received signal, char-
acterized in that the receiver of the system
includes identification means comprising:

a sampler for deriving sample voltages
corresponding with the envelope level of the
received signal at periodically recurring
sampling instants,

storage means for storing each derived
sample voltage at least until the next suc-
ceeding sampling instant, a comparator for
comparing each stored sample voltage with
the envelope level of the received signal and
activating an information output when the
envelope level exceeds the stored sample
voltage by a fixed quantity thereby identify-
ing an increase in the level of the envelope
of the received signal having a rate of
change, produced by the approach of the
vehicle, which exceeds a predetermined
rate.

2. A vehicle detection system according
to Claim 1, characterized in that the said
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sampler, storage means and comparator are
combined with or form a pulse formation
means responsive to the envelope level of
the received signal upon activation of the
information output for forming a vehicle
indication pulse of duration related to that
of the change of the envelope level produc-
ing such activation.

3. A vehicle detection system according
to Claim 2, characterized in that the sampler
is connected to be suppressed by activation
of the said information output so that the
sampler, comparator and the storage means
function in combination as the said pulse
formation means with the said vehicle in-
dicating pulses being produced at the infor-
mation output.

4. A vehicle detection system according
to Claim 2, characterized in that the sampler
is continuously running in operation and the
said pulse formation means comprises a
second storage means having reset means
and data input, data output and storage
command terminals wherein, following re-
set, data present at the data input terminal is
transferred to the data output terminal and,
following activation of the storage command
terminal, data present at the data input
terminal at activation is transferred to and
stored at the data output terminal until
further reset and a second comparator for
comparing data present at the data output
terminal of the second storage means with
the envelope level of the received signal so
that the second comparator output is acti-
vated when the said envelope level is greater
than the level of the data output terminal, a
signal representing the envelope level of the
received signal being applied to the said
data input terminal, the storage command
input terminal being activated by activation
of the said information output and the
second storage means being reset by de-
activation of the second comparator output.

5. A vehicle detection system substan-
tially as herein described with reference to
the accompanying drawings.

R.J. BOXALL,
Chartered Patent Agent,
Berkshire House,
168-173, High Holborn,
London WC1V 2AQ,
Agent for the Applicants.
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