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Vehicle detecting system.

@ There is a vehicle detecting system for detecting the Fig.l

number of vehicles which pass the roadway, thereby realiz- 1g.

ing the smooth flow of vehicles. This system comprises: a
transmitting coil (2) and a receiving coil (4) which are
arranged on both sides of the vehicle detection area set over
the roadway; a driving circuit {3) to supply a high frequency
exciting current to the transmitting coil; and vehicle detect-
ing circuit (5) to output a vehicle detection signal in response
to a change in level or phase of the electrical signal which is
induced in the receiving coil. The detection signal is output-
ted when the signal level exceeds a predetermined value or
when the signal phase exceeds a predetermined angle. One
or a plurality of pairs of transmitting and receiving coils may
bé buried under the roadway surface or on or above the
roadway at regular intervals. With this system, the installing
construction of the coils is simplified and the possibility of
the occurrence of the accident such as disconnection of the
coil is reduced. The vehicle on the roadway can be certainly
detected.
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Vehicle Detecting System
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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relétes to a vehicle detecting
system to detect the existence: passages and the like of a
vehicle. This system is used in a traffic control system to
smooth the traffic flow by, for example: counting the number of
vehicles which pass a predetermined place on the road and
controlling the signals on the basis of the count number
obtained.
Description of the Prior Art

As typical one of conventional vehicle detecting
systems, there has been known a system including an almost
square loop coil buried under the road surface. A high

frequency exciting current flows through the loop coil. When
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the vehicle passes above the loop coil, the inductance of the
coil changes, so that the value of the current also varies.
The passage of the vehicle can be recognized by detecting the
change in this current.

However, such a conventional vehicle detecting system
has the following problems.

In general, the loop coil has the size of about 2m x
2m and the road must be dug up over a wide range to bury such a
large loop coil into the road. Such a .burying construction is
a large-scaleds, so that the construction expenses increase-and
much labors are needed for the construction.

The loop coil buried under the road surface |is
frequently subjected to the loads in association with the
passages of vehicles, so that the accident of disconnection of
the coil is likely to occur. The occurrence of the accident of

the disconnection disenables the detection of vehicles.

SUMMARY OF THE INVENTION

It is an object of the present invention to simpl ify
the construction for installing the vehicle detecting system
represented by the burying construction and also suppress the
occurrence of the accident of the disconnection while keeping
the vehicle detecting sensitivity to a relatively high level;

A vehicle detecting system according to the present
invention comprises: a transmitting coil arranged on one side
of a predetermined detection area set 6n the roadway of

vehicles and a receiving coil arrangedé on the opposite side of
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running direction ofztherVehicle.. Further, those coils may be
obliquelyiarranged:with;respéct;to those- directions.

In the: vehicle: detecting system according to the
invention,. in the .case of detecting the vehicle on the basis of
the variation ‘in levelfof:;hessignalrwhich,isrinduced in the
receiving coil, the following:actions .are obtained. Namely:.
when the high freguency exciting current flows through the
transmitting ‘coils - the high;;frequency_ magnetic fielé is
developed between:the transmitting and receiving coils.. When
the vehicle passes in the magnetic field, the mutual incuctance
of both coils changes and the level of the electrical signal
which is induced in the receiving coil changes. This reception
signal is inputted to the vehicle detecting circuit (vehicle
detecting means). When the change in the 1level of the
reception signal is a predetermined amount or more, the vehicle
detection signal. is outputted from the vehicle detecting
circuit.

The sizes of transmitting and receiving coils are
extremeiy smaller than the conventional loop coil., Therefore,
even when these coils are buried in the foadway as well, the
burying construction can be simplified as compared with the
conventional one. In addition, it is not’always necessary to
bury the transmitting and receiving coils fo detect the vehicle
but these coils may be also installed on the roadway. In this
cases the installing construction can be further simplified.

In the case where the driving circuit and vehicle

~detecting circuit are enclosed in a box and this box is
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the trénsmitting coil; a dri\}i:ng circuit to suppiy a high
frequency “exc‘_it:ing current to :the transmitting. coil; and
vehicle detecting means A'for idutputting’ a veh’icl'e' detection
signal in response to & change over a. predetermined amount in
the characteristic.of an electrical .signal which:.is induced in
the receiving coil. :The characteristic of 'the‘ electrical
“signal -includes the level of-the signal, phase of the signal.

and the like. =&l oot niTinn S e ognie
The term ""roadwayr"' mentioned above denotes all of the
locations wheré - vehicles rum -iand: has the - concept which
apparently includes not only the ordinary rocad but also the
road, floor and the like in the factories or precincts. The
terms "vehicle" and "vehicles" also have the wide meaning
including not only what are called four-wheeled automobiles but
also tricycle type automobiles, two-wheeled type vehicles,
bicycles, unmanned automobiles: travelling robot, and the like.
The transmitting and receiving coils may be buriéd under the
roadway surface or may be set at positions of predetermind
heights above the roadway. The detection area is the virtual
area and is actually determined‘ by the positions where the
transmitting and receiving coils are arrahged. One side and
the other side of the  detection area do not necessarily
coincide with bne side and the other side zr:f the roadway. The
transmitting and receiving coils may be provided at two
positions along the running direction of the vehicle or may be
provided at two positions which are away frbm each other at a

predetermined distance in the direction perpendicular to the
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arranged on one side of the roadway, it is sufficient to bury
one of the transmitting and receiving coils, e.qg., the
transmitting coil on this side and to bury the other coil,
e.g.r the receiving coil on the other side of the roadway or in
the central portion thereof, or the 1like. In this case,
although the signal line connecting the receiving coil and
vehicle detecting circuit must be buried so as to cross the
roadway, it is sufficient to dig up the roadway along only a
signal line. In the case where the driving circuit and
transmitting coil are arranged on one side of the roadway and
the receiving coil and vehicle detecting circuit are arranged
on the other side, respectively, there is no need to arrange
the signal line so as to cross the roadway.

Further, in the case of providing the transmiting and
receiving coils above the roadway: it is unnecessary to dig up
the roadway.

Consequently, the possibility of the occurrence of
the accicdent of the disconnection decreases as compared with
the conventional system in which the whole large loop coil is
burid in the roadway.

Moreover, the space between the transmitting and
receiving coils becomes the vehicle detection area and this
detection area can be set to a wide region. Therefore, the
deterioration of the sensitivity as compared with that of the

conventional loop coil is not caused.

BRIEF DESCRIPTION OF THE DRAWINGS

l
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Fig. 1 shows an arrangement of a transmitting coil
and a receiving coil;

Figs. 2a and 2b are diagrams for explaining the
vehicle detecting operation;

Fig. 3 is a block diagram showing an electrical
arrangement of an embodiment of the present invention;

Fig. 4 shows output signal waveforms in the block
diagram of Fig. 3;

Fig., 5 is a block diagram showing an electrical
arrangement of another embodiment of the present invention; )

Fig. 6 is a flowchart showing the operation of the
system shown in Fig. 5, particularly, the processing procedure
by a CPU;

Fig. 7 is a time chart showing the time-dependent
changes of the signals and values in the system shown in Fig.
S5;

Fig. 8 shows another example of the arrangement of
the transmitting and receiving coils;

Figs. 9a and 9b show still other examples of the
arrangement of the transmitting and receiving coils;

Fig. 10 is a block diagram showing an electrical
arrangement of still another embodiment of the present
invention;

Fig. 11 is a flowchart showing the operation of the
system shown in Fig. 10, particularly., the processing procedure
by a CPU;

Fig. 12 is a time chart showing the time-dependent
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changes of the signals, data, and values in the system shown in
Fig. 10;

Fig. 13 shows an embodiment in which a plurality of
transmitting and receiving coils are alternately arranged;

Fig. 14 is a block diagram showing an electrical
arrangement of a vehicle detecting system which is applied to
the arrangement of the transmitting‘and receiving coils shown
in Fig. 13;

Figs. 15 to 20 show further another embodiment, in
which: '

Fig. 15 shows the state in which a plurality of pairs
of transmitters and receivers are arranged along the vehicle
roadway;

Fig. 16 is a block diagram showing an arrangement of
the transmitter;

Fig. 17 is a block diagram showing an arrangement of
the receiver;

Fig. 18 1is a block diagram showing an electrical
arrangement of the vehicle detecting system;

Fig. 19 is a waveform diagram showing the relations
among the designation signal, the driving of the transmitters.,
and the reception in the receivers; and

Fig. 26 is a waveform diagram showing the relations
among the driving of the transmitters, the reception in the

receivers, and the vehicle detection signals.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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Fig. 1 shows an example of an arrangement of a
transmitting coil'2 and a receiving coil 4. The coils 2 and 4
are wound around magnetic cores 2a and 4ar respectively, and
buried on both sides in the lateral direction of a roadway
(e.qg., one lane of the road). The sizes of cores 2a and 4a are
relatively small; for example, the length is about 70 mm and
the diameter is about 15mm. The cores 2a and 4a are arranged
so that their longitudinal directions are the vertical
direction. The distance between the transmitting coil 2 and
the receiving coil 4 may be set to an arbitrary value and ft
will be ordinarily about one to a several meters. The area
between the coils 2 and 4 substantially serves as the vehicle
detection area, Therefoie. the vehicle detection area may be
set to an arbitrary range and at an arbitrary location in
accordance with the position where the coils 2 and 4 are
affanged.

Either one of of both of the transmitting coil 2 and
receiving coil 4 may be arranged on the roadway surface or may
be also installed above the roadway surface (for example, at
the position of height of about five meters) by a pole brace or
the like which is vertically set on the roadway. Both coils 2
and 4 may be provided on one side of the roadway 1.

A high frequency exciting current is supplied from a
driving circuit 3 to the transmitting coil 2. The frequency of
this exciting current may be set to a value in about a range
from tens to hundreds of kHz. This frequency assumes £5-

The voltage or current which is induced in the



4071, 0199329
e L

receiving coil 4 by the high frequency electromagnetic field
(mainly. the magnetic field) which is generated from the
transmitting coil 2 is given to a vehicle detecting circuit 5
through a line 7 buried under the surface of the roadway 1. The
detecting circuit 5 detects in principle a change over a
predetermined level in a reception signal of the receiving coil
4 and éutputs a vehicle detection signal S. 1In the arrangement
shown in Fig. 1, the detecting circuit 5 always compares the
level (cr phase) of the signal from the driving circuit 3.
namely, the level (or phase) of the current which is outputteé
to the transmitting coil 2 with the level (or phase) of the
current which is inputted from the receiving coil 4. When the
difference between those levels (or phases) is over or below a
predetermined value:. the detecting circuit 5 outputs the
vehicle detection signal S. The driving circuit 3 and vehicle
detecting circuit 5 are enclosed in a box 6 and this box is
installed on the side or above the roadway 1. The vehicle
detection signal S is transmitted to a central controlling unit
(not shown) through a telehpone line or ahother communication
line or a transmitting line which is particularly installed.
The central controlling unit controls the flow of all vehicles
in thé whole range covered by the unit on the basis of the
vehicle detection signals transmitted.

When the high frequency exciting current flows
through the transmitting coil 2 from the driving circuit 3, the
high frequency magnetic field H 1is developed between the

transmitting coil 2 and the receiving coil 4. As shown in Fig.
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2a. when a vehicle C doesn't exist in the magnetic field H,
there 1is no .change in the level difference (or rhase
difference) between the transmitting current (exciting current)
which is inputted to the detecting circuit 5 and the received
current which is obtained in the receiving coil 4, so that the
vehicle detection signal § is not outputted.

As shown in Fig. 2bs on the contrary, when the
vehicle C passes in the magnetic field H, the magnetic fluxes
are concentrated to the metallic portions of the vehicle C: so
that the mutual inductance of the transmitting coil 2 ‘and
receiving coils 4 changes.

There are two cases: where the magnetic resistance
between the coils 2 and 4 dec}eases in dependence on the
material of the vehicle body or the height of vehicle, so that
the received current increases (in the case where the vehicle
body is made of iron); and where the received current decreases
due to the eddy-current loss (in the case where the vehicle
body is made of aluminum). In any of these cases, this current
change is detected by the detecting circuit 5. Namely:. since
the received current changes but the transmitting current is
constant, the vehicle detection signal S is outputted from the
detecting circuit 5.

Fig. 3 shows an example of a more practical
arrangemnt of the driving circuit 3 and vehicle detecting
circuit 5 shown in Fig. 1. 1In this diagram, the same parts and
components as those shown in Fié. 1 are dsignated by the same

reference numerals. Fig. 4 shows typical output signal
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waveforms in the circuit block shown in Fig. 3.

In Fig. 3, the driving circuit 3 of the transmitting
coil 2 comprises a high freguency oscillating circuit 8 and a
pover amplifier 9 to amplify an oscillating output of the
oscillator 8 and gives it to the transmitting coil 2. In this
example, the output current of the driving circuit 3 is not
supplied to the detecting circuit 5.

The signal induced in the receiving coil 4 is
ampl ified by an amplifier 11 and thereafter its noise component
is removed by a band pass filter 12 having a center fregquency
of fo. An output signal a of the filter 12 is detecfed by a
detecting circuit 13 and becomes a signal b. |

The signal b is sent to an analog switching circuit
14. The first output side of the switching circuit 14 is
grounded through a capacitor 16 and the second output side is
grounded through a capacitor 17. Electrostatic capacitances of
the capacitors 16 and 17 are equal. Positive terminals of the
capacitors 16 and 17 are connected to the input terminals of a
differehtial amplifier 18, respectively. An output terminal of
the differential amplifier 18 is connected to one input
terminal of a comparator 19. A constant voltage power supply
‘20 to generate a threshold voltage Vref is connected to the
other input terminal of the comparator 19. .An output signal of
the comparator 19 becomes the vehicle detection signal S. As
mentioned above, the detection signal S is transmitted to an
external apparatus, e.g., the central controlling unit (not

shown) and also supplied to a timing curcuit 15 (as a signal
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g). When the ouput signal g of the comparator 19 is at a low
level "L", the timing circuit 15 outputs & pulse signal (a
train of pulses) ¢ to the switching circuit 14. When the
output signal g of the comparator 19 is at a high lvel "H"
{(i.e., when the vehicle is detected), the timing circuit 15
stops the generation of the pulse signal c.

The switching circuit 14 connects the detecting
circuit 13 to the capacitor 16 when the pulse signal ¢ from the
timing circuit 15 is at an "H" level. The switching circuit 14
connects the detecting circuit 13 to the capacitor 17 when the
pulse signal c is at an "L" level,

The switching circuit 14, differential amplifier 18,
capacitors 16 and 17 connected therebetween, and timing circuit
15 serve to detect the time-dependent change in the signal
which is induced in the receiving coil 4 and operate in the
following manner.

Since the vehicle detection signal § is at an "L"
level until time £y shown in Fig. 4, a series of pulses ¢ are
generated from the timing circuit 15. Therefore, the switching
circuit 14 repeatedly performs the switching operation. Since
the signal b of the same level is alternately supplied to the
capacitors 16 and 17, charged voltages Vig and Viy of the
capacitors 16 and 17 are equal and an output signal £ of the
differential amplifier 18 is at the zero level. The output
signal g of the comparator 19 is held at an "L" level.

When the vehicle C enters the magnetic field H at

time tl' the level of the output signal b of the detecting
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circuit 13 starts increasing. Assuming that the pulse signal ¢
rise at time tl' the detecting circuit 13 is connected to the
capacitor 16. The level of the input signal d of the capacitor
16 increases by only an amount commensurate with the increased
amount of the signal b. Thus, the output signal £ of the
differential amplifier 18 is slightly reduced.

When the pulse signal ¢ trails at time t the

o
detecting circuit 13 is connected to the capacitor 17. Since
the level of the output signal b of the detecting circuit 13
increases for the period of time between times tl and 52:
the level of the input signal e to the capacitor 17 largely
increases, Thus, the level of the output signal £ of the
differential amplifier 18 exceeds the threshold voltage Vref
and the output signal g of the comparator 19 becomes an "H"
level. Due to this, the vehicle detection signal S at an "R"
level is outputted and at the same timgy the output signal g is
inputted to the timing circuit 15. The generation of the pulse
signal ¢ from the timing circuit 15 is stopped. Thus: the
switching operation of the switching circuit 14 is stopped at
time t2. The connecting state of the detecting circuit 13
with the capacitor 17 is held.

In other words, the charged voltage V of the

16
capacitor 16 is held constant and at the same time, the level
of the input signal e to the capacitor 17, namely, the charged
voltage Viy of the capacitor 17 changes in accordance with
the level change of the output signal b of the detecting

circuit 13. In addition, the level of the output signal £ of
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the differential amplifier 18 also similarly changes. Such a
state continues for the period of time until the vehicle C has
passed through the magnetic‘field H.

When the vehicle C has passed through the magnetic
field H and the level of the output signal b of the detecting
circuit 13 decreases and at the same time, when the level of
the output signal £ of the differential amplifier 18 becomes

lower than the threshold voltage Vref at time t, in response

3
to the reduction of the level of the signal b, the generation
of the vehicle detection signal S stops (i.e., the detection
signal S becomes an "L" level) and the output signal g of the
comparator 19 also becomes an "L" level. Thus, the pulse
signal c¢ is sent from the timing circuit 15 to the switching
circuit 14. The switching operation is restarted and the
system is returned to the inherent switching state.

The above embodiment can be applied to only the case
where the signal level of the receiving coil 4 increases due to
the existence of the vehicle C. However, if an window type
comparator is substituted for the comparator 19, this system
can be also applied to the case where the received signal level
decreases due to the existene of the vehicle C.

Figs. 5 to 7 show another embodiment in which the
vehicle detecting process is executed by use of a
microprocessor.

Fig. 5 shows an electrical arrangement of a vehicle
detecting system, in which the same parts and components as

those shown in Fig. 3 are designated by the same reference
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The driving circuit 3 is additionally provided with
an attenuator 31 and a band pass filter 32. The oscillating
output of the oscillator 8 is attenuated by the attenuator 31.
Thereafter, the higher harmonic wave component is removed by
the band pass filter 32, Thus, only the component of the
frequency f0 is sent to the power amplifier 9. An amount of
attenuation of the attenuator 31 is controlled by a
microprocessor 21 as well be explained hereinafter in a manner
such that the level of the rceived signal which is induced in
the receiving coil 4 when no vehicle exists is always
predetermined level,

After the received signal of the receiving coil 4 was
detected by the detecting circuit 13, its level is converted
into a digital value by an analog-to-digital (A/D) converter 29
and supplied to the microprocessor 21. The level of the
received signal converted into the digital value is referred to
as the reception data hereinafter.

The microprocessor 21 comprises: a central processing
unit (CPU) 22 to perform the control of the attenuator 31 and
the like as well as the vehicle detecting process; a read only
memory (ROM) 23 in which the programs which are executed by the
CPU 22 are stored; a random access memory (RAM) 24 to store a
reference value Va of the received signal level (i.e..
reception data), attenuation amount of the attenuator 31: level
of the received signal, threshold value Vth for detection of

the vehicle, etc.; a timer 25; an interface 26 to take in the
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received signal; an interface 27 to control the attenuator; and

an interface 28 to output the vehicle detection signal S.

Fig. 6 shows a flowchart for the processing procedure
by the CPU 22, Fig. 7 shows time-dependent changes of various
kinds of signals and values, respectively.

Referring now to Figs. 5 to 7. when the power supply
is turned on at time Tll the attenuation amount of the
attenuator 31 is set to the maximum value. Namely, the value
of the exciting current flowing through the transmitting coil 2
(i.e., transmission level) is minimized (step 101).  The
attenuation amount is stored into the RAM 24. Next, the
reception data as the output value of the A/D converter 29 is
supplied to the microprocessor 21 (step 102). This reception
data is checked to see if it has reached the reference value Va
corresponsing to a predetermined voltage which is required to
detect the vehicle C or not (step 103). If NO, the attenuation
amount of the attenuator 31 is set to the value which is lower
by only one unit (step 104) and then step 102 follows again.
By repeating the process in steps 102 to 104, the attenuation
amount of the attenuator 31 is reduced in a stepwise manner,
while the reception data increases step by step. The
attenuation amount stored in the RAM 24 is updated each time
the above process is repeated.

When the reception data becomes the reference value
Va in time T, (namely, if YES in step 103), the reception
data is again supplied from the A/D converter 29 (step 105) and

stored into a predetermined reception data area of the RAM 24
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(step 106). Next, the idling is <carried out for a
predetermined period of time in step 107. Namely, the system
vaits for a sampling period which is determined by the timer
25.

Thereafter, the reception data is further supplied
(step 108) and the difference between this reception data and
the precedent reception data which has been obtained one
sampl ing before and which has been stored in the RAM 24 is
calculated (step 109). A check is 'then ﬁedé"to see if the
difference exceeds the vehicle ﬁeteetien threshold value Vth or
not (step 110).

When the difference is less than the value Vth, the
reception data supplied in step 108 is stored into the
reception data area of the RAM 24 and the reception data is
updated (step 111). This process is executed to cope with the
time-dependent change in the level of the received Signal. It
is desirable to execute this ebdeting{préee55'oniy in the case
where the difference between ‘the ‘reception d??gﬁgupéfied’in

step 105 and the present receptlon data supplled in step 108 is

‘?..‘.~ ,,,,,

less" than a predetermined value." 0r7PFE" the Proeess’ in stepszlﬁ:

101 ‘to 106 is periodically executed Ghenﬁﬁ6”Vehible"exists. it
I S

is not’ ‘always” necessary “to exXecute- the® upaatlng processrln stepe

=~ riny o oo ke UL ARl

111. Thereafteri the' 1dllng is performéé (Step 112) andlﬁhé”"
processing routine is returned’tdﬁsfép”IOB;f’;In:this‘manner,
: e e T T - :

the proceéss in step~108 ‘to 112 is repeated. ~°~ "=

P
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""" When the vehicle C enters theé detection area and the

difference between the present receéption data‘and the precederit -
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reception data exceeds the thresholé value Vth at time T,
(i.e.r if YES in step 110), the vehicle detection signal S is
outputted through the interface 28 (step 113).

After completion of the 1idling (step 114), the
reception data is taken in (step 115). The difference between
this reception data and the reception data stored in the RAM 24
in step 106 or 1lll is‘calculated and this difference is checked
to see if it is below the threshold value Vth or not (step
l1i6). If the difference still exceeds Vth, the process in

steps 114 to 116 is repeated.

When the vehicle C has passed the detection area

where the magnetic field H exists and the difference becomes.

smaller than the value Vth at timarT4, the generation of the

vehicle detection signal S is stopped (step 117). . Thereafter.
step 108 follows again.' -
As shown in Fig. 8/ zn ‘the case where two ‘adjacent

roadwaysrare_fozpad.'pné:transmzttlng coil 2 is_installed at

the boundary portion,hO£, both roadways 1A and . 1B .and: two

EEE IR

rece1v1ng coils 4 are arranged on the outsides of., the roadways‘ﬂ;

-

o e T odn e o o an Na

-

also constltuted such that one . transmlttzng coil_2 1s commonlx-_

‘,,_._.--.,, Cww e

used to detect vehlcles which pass two roadways 1A and lB.f:
In the forego;ng embodxment: partxcularlyp as shown

in Figs. 2a and 2b, the longxtudlnal,dlrectlons, A e.r the axes .

P e e A ead mw Tk .ﬁn.u. 1L i lue sty

of the cores 2a and 4a of the ttansmlttlng and rece1v1ng coils

,'-J» - -

2 and 4 are vertlcally,arranged. In such an arrangemento even .

i S S d e e

.-L..»‘v

if the vehicle C dosn't exist as well. the number of magnetic
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fluxes which interlink the receiving coil 4 due to the magnetic
fielc H which is formed between the coils 2 and 4 is relatively
large. When the vehicle C passes in the detection area, the
number of magnetic fluxes which interlink the receiving coil 4
increases, However, since this increase amount is not so
large; the sensitivity for detection of vehicles is not so
high.

As shown in Figs. 9a and 9b, by vertically arranging
an axis P, of the transmitting 'coil 2 and horizontally
arranging an axis P, of the receiving coil 4., the vegicle
detecting sensitivity can be raised.

As shown in Fig. 9a. if no vehicle exists in the
detection area, the number of magnetic fluxes of the magnetic
field H which interlink the receiving coil 4 is extremely
small,

When the vehicle C passes through the magnetic field
H, on the other hand, .the magnetic field H is bent as shown in
Fig. 9b and the density of magnetic fluxes interlinking the
receiving coil 4 increases and at the same time, the number of
interlinking magnetic fluxes remarkably increases. Thus, the
level of voltage vhich is induced in proportion to the change
in number of interlinking magnetic fluxes also fairly increases
as compared with the case of the arrangement shown in Figs. 2a
and 2b (namely, it is increased at least about ten to hundred
times) and the vehicle detecting sensitivity is sufficiently
improved.

To increase the vehicle detecing sensitivity. the
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following arrangement is preferable, Namely,  briefly
explaining, in the plane which is formed by the axis of the
core of the transmitting coil 2 and the axis of the core of the
receiving coil 4, it is sufficient to arrange the axis of the
core 4a of the receiving coil 4 substantially perpendicularly
with respect to the axis of the core 2a of the transmitting
coil 2 or at an angle near it. <Therefore, in the case where
the axis of the core of the transmitting coil is vertically
arranged and the axis of the core of the receiving coil is
horizontally arranged, the sensitivity is improved. Alsé, in
the case where the axis of the core of the transmitting coil is
horizontally arranged and the axis of the core of the receiving
coil is vertically arranged, or where both axes of the cores of
the transmitting and receiving coils are obliguely arranged: or
the like, the detecting sensitivity is improved.

Fig. 10 shows an electrical arrangement of the
vehicle detecting system in the case where the transmitting
coil 2 and receiving coil 4 arranged as explained above are
used. Fig. 11 is a flowchart showing the processing procedure
by the CPU. Fig. 12 shows the states of changes of signals,
datar and values,

According to the experiments performed by the
inventors of this application, it has been found that when the
vehicle C passes the area between the transmitting coil 2 and
the receiving coil 4, the phase of the received signal is
delayed than the phase of the transmitting signal, and when the

vehicle passes the roadway adjacent to the roadway l, the phase

-
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of the received signal 1is advanced than the phase of the
transmitting signal,

Therefore, as well be explained hereinafter, a phase
comparator (a phase detector) 36 is provided and the shifting
direction of the phase of the received signal is discriminated.
Therefore, it is possible to clearly distinguish whether the
vehicle has passed the roadway having the vehicle detection
area or it has passed the roadway adjacent thereto. Thus, only
the vehicles which have passed the detection area can be
accurately detected. | ‘

In Fig. 10, the same parts and components as those
shown in Fig. 5 are designated by thé same reference numerals.
The vehicle detecting circuit 5 is newly provided with the
phase comparator 36. The transmitting signal which is supplied
to the transmitting coil 2 and the received signal which is
obtained from the receiving coil 4 are inputted to the phase
comparaotr 36. A signal indicative of the phase difference
between those signals, more accurately speaking, a signal
representative of an amount of phase shift of the received
signal wusing the transmitting signal as the reference is
outputted from the comparator 36. The signal indicative of the
phase difference is converted into a digital value by an
analog-to~-digital (A/D) converter 37 and thereafter it is
supplied to the microprocessor 21. A threshold value Vp of the
phase difference to decide the vehicle detection is set in the

RAM 24.

In Fig. 11, the same processes as those shown in Fig.
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6 are designated by the same reference numerals. Although the
process in steps 101 to 104 in Fig. 6 is omitted from Fig. 11,
ihis process is also similarly executed in the flowchart of
Fig. 1ll. In addition, the updating process of the reception
level data (the data which is obtained from the A/D converter
29) in step 111 is omitted in Fig. 11.

Referring now to Figs. 10 to 12. after completion of
the reading and storing operations of the reception level data
(step 105 and 106), the phase data of the receiving signal
which is obtained from the A/D converter 37 is taken inté the
microprocessor 21 and stored into a predetermined area of the
RAM 24 (steps 121 and 122).

When it is confirmed that the change amount of the
reception level data has exceeded the threshold value Vvth (step
110) » an amount of change in the phase data is likewise derived
(steps 123 and 124). A check is then mae to see if the change
amount (difference) has exceeded the threshold value Vp in the
negative direction or not (step 125). If YES, the vehicle
~Getection signal § is outputted (step 113).

In the case ‘of stopping the generation of the
detection signal S as well (step 117): the AND logic is got
between the signal indicating that the éhange amount of the
level of the received signal became below the thresholé value
Vth (steps 115 and 116) and the signal representing that the
change amount of the phase difference became below the
threshold value Vp (in steps 126 to 128). |

The detecting circuit 13, A/D converter 29, and
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interface 26 may be omitted and the vehicle detection may be
executed on the basis of only the phase difference of the
received signal to the transmitting signal as well.

Figs. 13 and 14 relate to a developed system of the
form shown in Fig. 8 and show a system to detect the vehicles
which run a plurality of adjacent roadways, for example, a
plurality of lanes.

In this embodiment, the example of four lanes is
shown. Receiving coils 4A' 4é' and 4C and transmitting coils
2A and 2B are alternatelylarranged at the boundary portion; of
the respective lanes in the lateral directon of the lanes.

A high frequency signal which is generated from the
oscillator 8 of the driving circuit 3 is sent to a change-over
switch 42. Ampl ifiers 9A and 9B to drive the transmitting
coils 2A and 2B are connectea to two output sides a and b of
the switch 42, respectively. Although the contact type
change-over switch 42 has been shown, a contactless type switch
composed of transistors and the like may be generally used.
The switch 42 is controlled by the CPU 22.

The receiving coils 4A, 4Bs 4C are provided with
amplifiers 1llA, 11B, l1C and band pass filters 12A, 12B, and
12C, respectively. An output of the filter 12A is supplied to -
a detecting circuit 13A and a phase comparator 36A. Similarly,
outputs of the filters 12B and 12C are supplied to detecting
circuits 13B and 13C and to phase comparators 36B and 36C,
respectively., Outputs of the detecting circuits 134 to 13C and

outputs of phase comparators 36A to 36C are all supplied to 2
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multiplexer 41 which is controlled by the CPU 22. These analog
outputs are sequentially switched and converted into the
digital signals by the A/D converter 29 and thereafter inputted
to the CPU 22. Vehicle detection signals Sl to S4 of the
first to fourth lanes are incdividually outputted from the CPU
22.

The above-mentioned system operates in a manner as
follows., First, the switch 42 is connected to the side a and
the transmitting coil 2A is driven. 1In this case, the vehicles
which pass the first and second lanes can be detected, so éhat
the received signals of the receiving coils 4A and 4B are
checked. The output of the detecting circuit 13A is first
taken into the CPU 22 through the multiplexer 41 and
subsequently the output of the phase comparator 36A is taken
into the CPU 22, The process shown in Fig., ll, particularly,
the process in steps 108 to 117 is executed by the CPU 22. If
it is determined that the passage of the vehicle was detected,
the vehicle detecting signal sl is outputted.

Next, the outputs of the detecting circuit 13B and
phase comparator 36B are sequentialy taken into the CPU 22 and
the presence or absence of the vehicle in the second lane is
decided by the similar process.

Thereafter, the switch 42 is connected to the side b
and the transmitting coil 2B is driven. In this case, the
vehicle detecting processes for the thiréd and fourth lanes are
sequentially performed by checking the signals of the receiving

coils 4B and 4C.
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By repeatedly executing the above-mentioned processes
at a short period, the vehicles in four lanes can be always
detected.

Such an alternate arrangement of a plurality of
transmitting andéd receiving coils may be installed in the
running direction of the vehicle. With this arrancement, the
running velocity of the vehicle can be measured using the
difference of times of the vehicle is detected at respective
positions., This arrangement can be also appl ied to detect the
jam of vehicles. ‘

Figs. 15 to 20 show further other embodiments. These
- embodiments relate to the systems which are useful to detect
the jam of vehicles on the road, waiting states of ericles at
the toll stations running velocities of vehicles, and the 1ike,

Referring now to Fig. 15, a plurality of transmitters
50 are arranged at regular intervals on one side along the
road. A plurality of receivers 60 are arranged at regular
intervals on the other side along the road in corresopondence
to the transmitters 50, respectively. For convenience of
explanation, reference numbers one to n (Nos. 1 to n) are added
to the transmitters 50. The same reference numbers (Nos. 1 to
n) are slso added to the receivers 60 corresponding to the
transmitters 50, respectively. These plurality of transmitters
50 are connected in a multidrop manner through one transmitting
signal line, a plurality of (for example. in the case of four
bits, four) designation signal lines and power supply lines to

the box 6 equipped with the vehicle detecting system. These
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plurality of receivers 60 are also likewise connected to the
box 6 in a multidrop manner through one received signal line, a
rlurality of designation signal lines and power supply lines.

The interval of the transmitters 50 (and receivers
60) is set to 30 to 150 m in the case where, for example, the
jam of vehicles is detected at the entrance and exit of an
express highway or on the-other oréinary road. This interval
is set to a small value of 0.5 to 1.0 m in the case of
detecting the wvaiting state of vehicles at the toll station or
parking lot. Namely, it may be set to a proper desired
interval in accordance with a use object.

Fig. 16 shows &an example of a constitution of the
transmitter 50. Apparentlym, the transmitter 50 includes the
transmitting coil 2. The coil 2 is constituted by a resonance
circuit on the secondary side and a primary coil to excite the
resonance circuit. - The high frequency signal_  transmitted -
through the transmitting :signal 1line is- - inputted to an -
ampl ifier 53 through a switch 52 consisting .of -a.semiconductor.
switching device or the like and the ‘transmitting coil .2  is.:
driven twwitheiamplifierﬁ53.‘ For -instance,..the_.designation.:
signal of four bits .is. decoded by:- a decoder 51._.and.when :this s
transmitter is designated, the switch 52,isuthrned Oon. . . e s

"o In Fig. 17.. the receiver Gorsimilarly comprises: the
receiving coil 4; an amplifier 63 to;iamplifx;.the;greceivedgd
signal "of . the: coil 4; a switch 62 to connect an output of the :
ampl if ier 63 to the received signal line; and a decoder 61 to:.

decode the designation signal and turn on the switch 62 when
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this receiver is designated.

Fig. i8 shows an electrical arrangement of the system
built in the box 6. In Fig. 18, the same parts and components
as those shown in the block diagram already described in the
foregoing embodiments are disignated by the same reference
numerals. The output of the driving circuit 3 is sent to the
transmitting signal line. The received signal 1line 1is
connected to the amplifier 11. The designation signal lines of
four bits extend from the CPU 22 through an interface fnot
shown). The designation signals on these lines are amplified
by an amplifier 65 and thereafter supplied to all of the
transmitters 50 and receivers 60. When a pair of transmitter
and receiver are designated, the multiplexer 41 sequentially
switched the level cdetection signal and phase difference signal
of the received signal from the receiver and supplies them to
the CPU 22.

As shown in Fig. 19, each pair of transmitter and
receiver is sequentially designated from ©No. 1 by the
designation signal at every constant period of time (e.g.s 8
msec). In the designated transmitter 50, the switch 52 is
turned on by the decoder 51, so that the transmitting coil 2 is
driven for only the designated time period: In the designated
receiver 60, on one hand, the received signal of the receiving
coil 4 is likewise sent to the vehicle detecting system through
the received signal line for only the designated time period.
In the system shown in Fig, 18, particularly, the CPU 22

processes the recived signals which are sequentially inputted.
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due to the foregoing method shown in Fig. 11 and the 1like,
thereby determihing the detection of the vehicle.

In this manner, a plurality of pairs of transmitters
and receivers are time-sharingly driven and the detection of
the vehicle in the detection area of each pair of transmitter
and receiver is executed.

Fig., 20 shows an example of the vehicle detection
signals in the respective detection areas. The CPU 22
dgetermines the velocity of the vehicle C and the stop state of
the vehicle C on the basis of the time-dependent changes of the
vehicle detection signals. The difference of times when the
detection of the existence of the vehicle C is started between
the adjacent receivers is obtained. For example, the time
difference between time tl when the detection of the
existence of the vehicle C by the‘No. 1l receiver is started and
time t2 when the detection of the existence of the vehicle C

2
calculated. Or, the time difference of the vehicle detection

by the No. 2 receiver is started, namely, (t, - t,) is

between the Nos. 2 and 3 receivers, namely, (t3 t2) is
calculated, The running velocity of the vehicle C can be
calculated by dividing the resultant time difference by the
interval between the adjacent receivers installed. The running
velocity obtained is compared with a set value. When it is
larger than the set value, it is decided that the vehicle C
smoothly runs, If the velocity is smaller than the set value:,
on the contrary, it is determined that the vehicle C is in the

jam state,
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In the above embodiment, each of the transmitters and
receivers is prbvided with the switch and decoder. However, if
the transmitters (or receivers) are installed at large regular
intervals in the running direction of the vehicle ané the
transmitters (or receivers) are not adversely influenced by the
adjacent transmitting coils or receiving coils, the switch and
decoder may be provided for only either one of the transmitter

and receiver.



199329

- 30 -

WHAT IS CLAIMED IS:
i. A vehicle detecting system comprising:

a transmitting coil (2) arranged on one éide of a
predetermined detection area which is set over a roadway of
vehicles and a receiving coil (4) arranged on the other side of
said detection area; -

a driving circuit (3) for supplying a high frequency
exciting current to said transmitting coil; and

vehicle detecting means (5) for outputting a vehicle
getection signal in response to a change over a predetermined
amount of the characteristic in an electrical signal which is

induced in the receiving coil.

2. A vehicle detecting system according to claim 1,
wherein the characteristic of the electrical signval is a level
of the signal and said vehicle detegcting means outputs the
vehicle detection signal when a change 1in tfxe level of the

signal induced in the receiving coil exceeds a predetermined

value.

2. A vehicle detecting system according to claim 1.
wherein the characteristic of the electrical signal is a phase
of the signal and said vehicle detecting means outputs the
vehicle detection signal when a change in the phase of the

signal induced in the receiving coil exceeds a predetermined

angle.
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4. A vehicle detecting system according to claim 1,
wherein the transmitting coil and the receiving coil are buried

under the surface of the roadway.

5. A vehicle detecting system according to claim 1,
wherein the transmitting coil and the receiving coil are

disposed on the roadway.

6. A vehicle detectihg system according to claim 1,
wherein the transmitting coil and the 'feceiving coil ‘are

installed above the rcadway.

7. A vehicle detecting system according to claim 1,
wherein said vehicle detecting means includes a comparator for
comparing the level of the electrical signal which is induced

in the receiving coil with a predetermined reference level.

8. A vehicle detecting system accoraing to claim 1.
further comprising means for controlling a 1level of the
exciting current which is supplied from said driving circuit to
the transmitting coil in order to keep constant the level of
the electrical signal which is indu;ed in the receiving coil

when no vehicle exists in said detection area.

9. A vehicle detecting system according to claim 1.
wherein said vehicle detecting means sampleé at every constant

period of time the level of the electrical signal which is
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induced in the receivihg coil, thereby obtaining a change
amount in the level of the electrical signal and then comparing

this change amount with a predetermined reference value.

10. A vehicle detecting system according to claim 1.
wherein in the plahe which is formed by the axis of the
transmitting coil and the axis of the receiving coil, said
transmitting coil and said receiving coil are arranged such
that the axis of the receiving coil 1is substantially

perpendicular to the axis of the transmitting coil.

11. A vehicle detecting system according to claim 1.
wherein two receiving coils are arranged on both sides of one
transmitting coil so as to away from each other at a constant

distance.

12. A vehicle detecting system according to claim 1.
further comprising:

a plurality of transmitting coils (2A, 2B) and
receiving coils (4A, 4B, 4C) which are alternately arranged
substantially in a line;

first switching means (42) 'for time-sharingly
supplying an output signal of said driving circuit to said
plurality of transmitting coils; and

second switching means (41) for time-sharingly
switéhing the received signals of said plurality of receiving

coils in correspondence to the switching operation by said
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first switching means and then supplying said received signals

to said vehicle - detecting means.

13. A veh%cle detecting system according to claim 1.,
further comprising:

a plurality of transmitters (50) including the
transmitting coils which are arranged at regular intervals on
one side along the vehicle roadway;

a plurality of receivers (60) including the receiving
coils which are arranged on the other side along the vehicle
roadway in correspondence to said plurality of transmitters;

generating means (22) for ‘generating designation
signals to sequentially designate a péir of transmitter and
receiver for every constant period of time; and

switching means (51, 52, 61, 62), provided for either
one of said transmitter and said receiver, for supplying'the
output of said driving circuit to the transmitting coil or
supplying the received signal of the receiving coil to said
vehicle detecting means when a pair of transmitter and receiver

are designated by said designation signal.
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