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1
VEHICLE DETECTION SYSTEM

RELATED APPLICATIONS

This application is a continuation-in-part of U.S. Pat.
Application Ser. No. 125,724 filed Mar. 18, 1971, now
U.S. Pat. No. 3,714,626.

BACKGROUND OF THE INVENTION

This invention relates generally to systems for detect-
ing vehicles and is particularly useful in traffic applica-
tions as well as service stations and the like for mdlcat-
ing the entry of a vehicle into a specified area.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
improved. system for detecting the entry of a vehicle
into a specified area of the earth’s surface.

The operation of known prior art magnetometer ve-
hicle detector systems has been based upon the recog-
nition that the magnetically permeable (permeability
greater than unity) masses found in conventional vehi-
cles, effectively collect and concentrate the earth’s
magnetic field lines (essentially vertical at the earth’s
magnetic field lines (essentially vertical at the earth’s
surface at locations remote from the equator) there-
through to thus increase the magnetic field intensity
above and below the vehicle as compared to the ambi-
ent magnetic field intensity in the absence of the vehi-
cle. Thus, prior art systems, of which the system of U.S.
Pat. No. 3,249,915 is exemplary, have utilized magne-
tometers displaced vertically, either above. or below,
from the specified area of the earth’s surface being
monitored but within a volume constituting a substan-
tially vertical projection of the specified area. As is ex-
- plained in the afore-mentioned U.S. Patent, although
the earth’s magnetic field can usually be considered as
being essentially vertical at most significant locations
on the earths’s surface, it is seldom truly vertical, but
rather exhibits a slight inclination or dip angle. Accord-
ingly, use of the term “substantially vertical projec-
tion” herein should be understood to mean the projec-
tion of a specified area at essentially the inclination or
dlp angle of the magnetic field approprlate to the loca-
tion of that area.

In accordance with one aspect of the present inven-
tion, magnetic field sensing devices such as flux gate
magnetometers, are disposed adjacent to but outside of
the volume formed by projecting the area to be moni-
tored in the direction of the magnetic field to detect a
reduction in magnetic field intensity caused by the
entry of a vehicle into the monitored area. More partic-
ularly, instead of using a magnetometer to look for an
increase in magnetic field intensity produced by a vehi-
cle entering into a specified volume; in accordance
with the present invention a magnetometer is used to
look for a reduction in magnetic field intensity adjacent
to but outside of that volume.

The significant advantages in detecting vehicles by
sensing a reduced, rather than an increased, magnetic
field intensity, is that a single magnetometer probe can
be used to monitor two adjacent areas such as areas on
both sides of a service station island or two adjacent
lanes on a multiple lane roadway.

In a preferred embodiment of the invention for use
in applications requiring the disposition of a multiple
number of magnetometer probes at locations where
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power is not normally available, a multiconductor
cable is employed to connect the probes to a common
control circuit including both excitation and detection
circuitry. The magnetometer primary windings are all
preferably connected in series and coupled to the exci-
tation circuitry by two of the cable conductors. The
magnetometer secondary windings are also preferably
connected in series and coupled to the detection cir-
cuitry by two other cable conductors. In accordance
with a feature of this embodiment, means are provided
for biasing the magnetometers to a desired operating
point in a manner which assures substantially constant
sensitivity per probe regardless of the number of probes
employed, up to a certain maximum number of course
dependent upon device parameters.

A preferred probe structure is also disclosed herein
particularly suited for burial between lanes of a road-

‘way. The probe structure includes a flux gate magne-

tometer sealed in a housmg dimensioned to fit within
a slot typically saw cut in roadway surfaces to receive
cable.

The novel features of the invention are set forth with
particularity in the appended claims. The invention will
be best understood from the following  description
when read in conjunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic plan view of a typical service
station;

FIGS. 2a and 2b are diagrams schematically illustrat-
ing the substantially uniform ambient earth’s magnetic
field produced adjacent a service station island in the
absence of a vehicle adjacent thereto;

FIGS. 3a and 3b are schematic diagrams illustrating
the manner in which a vehicle entering the area adja-
cent the island shown in FIGS. 24 and 2b distorts the
ambient magnetic field;

FIG. 4a is a schematic diagram of a preferred sensor
unit embodiment in accordance with the present inven-
tion for sensing the entry of a vehicle into a specified
area; '

-FIG. 4b is a diagram illustrating waveforms occurring
at various points in the circuit of FIG. 4a;

FIG. § is a schematic diagram of a bell unit in accor-
dance with the present invention;

FIG. 64 is a schematic diagram of a sensor unit em-
bodiment for detecting the presence of a vehicle within
a specified area;

FIG. 6b is a diagram illustrating waveforms occurring

_at various points within the circuit of FIG. 6a; and

FIG. 7 is a diagram illustrating an alternate applica-
tion of the present invention;

FIG. 8 is a schematic diagram of an excitation and

detection circuit suitable for use with a plurality of
magnetometer probes for providing pulse and presence
indications;

FIG. 9 is a diagram illustrating the operational char-
acteristic of a flux gate magnetometer;

FIG. 16 is a waveform diagram illustrating the wave-
forms occurring at various points in the circuit of FIG.
8;

FIG. 11 is a schematic diagram of an alternative bias
means for use in the circuits of FIG. 8 for adapting the
magnetometer operating point to the existing field in-
tensity;
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FIG. 12 is a schematic diagram of a further alterna-
tive circuit arrangement for use in the circuit of FIG.
8 for allowing the circuit to adapt to new field intensity;

FIG. 13 is a schematic plan view of a system in accor-
dance with the invention for monitoring vehicular traf-
fic on a multilane roadway; and

FIG. 14 is an isometric illustration of a preferred
probe structure suitable for burial within a saw cut
roadway slot, as represented in FIG. 13.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Attention is now called to FIG. 1 of the drawings
which illustrates a schematic plan view of a typical ser-
vice station. The station of FIG. 1 includes a service
station house 10 and three service islands 12, 14 and
16. Typically, each of the islands will have two or more
gasoline dispensers 18. An underground 110 volt, 60
hertz alternating current power line 20 typically con-
nects the electrical panel 22 at the house 10 to each of
the service islands.

A bell unit 24 is normally mounted within the house
10 for audibly signaling when a vehicle enteres a ser-
vice area adjacent to one of the islands. As previously
pointed out, typical prior art systems for detecting the
entry of a vehicle have utilized pneumatic hoses laid on
the ground, or photodetectors, wire coils, or magne-
tometer detectors, buried beneath the surface. Regard-
less of the particular type of detection system em-
ployed, some means is, of course, provided for actuat-
ing the bell unit 24 in response to the detection of a ve-
hicle entry.

In accordance with the present invention, a vehicle
sensor unit, to be described hereinafter in detail, is
mounted on each of the islands for detecting the entry
of a vehicle into the service area on either side of the
island. More particularly, a vehicle sensor unit 26 is
mounted on the island 12 for detecting the entry of a
vehicle into the service areas immediately north and
south of the island 12. Similarly, a sensor unit 28 is
mounted on the island 14 for detecting the entry of ve-
hicles into the service areas immediately east and west
of the island 14. Sensor unit 30 is mounted on the is-
land 16 to detect the entry of a vehicle into the service
areas immediately east and west of the island 16.

As will be better appreciated hereinafter, the sensor
units are comprised of a magnetic field sensing device
and associated electronic circuitry and can be housed
_within a very small container adapted to be mounted on
any convenient structure such as, for example, the gas-
oline dispenser housings. FIG. 1 is intended to merely
illustrate the vehicle sensor units as being located on
the islands and being connected to the existing service
station 110 volt, 60 hertz power line. As will be seen
hereinafter, in accordance with the preferred embodi-
ment of the present invention, each of the vehicle sen-
sor units is electrically powered from the 110 volt, 60
hertz power line. In addition, each sensor unit, in re-
sponse to detecting the entry of a vehicle into an adja-
cent service area, provides a high frequency command
or bell actuation signal on the power line 20, This high
frequency command signal is detected by the remote
bell unit 24 in house 10 to actuate a striker solenoid
therein. By utilizing the existing power lines 20 to com-
municate between the islands and the bell unit 24, in-

10

20

25

30

35

40

45

50

4

stallation costs as compared to existing detection sys-
tems are drastically reduced.

Attention is now called to FIGS. 2a and 2b which il-
lustrate a representation of the ambient earth’s mag-
netic field adjacent to one of the islands, e.g., island 14,
of FIG. 1. FIG. 2 illustrates a single gasoline dispenser
18 situated on the island 14. The vehicle sensor unit 30
is illustrated as being mounted on the side of the gaso-
line dispenser housing.

FIGS. 24 and 2b illustrate lines 37 intended to repre-
sent the ambient earth’s magnetic field in the absence
of a vehicle or other magnetically permeable mass
being present in the service areas 14W and 14E to the
west and east, respectively of the island 14. As repre-
sented in FIGS. 2a and 2b, it will be noted that the am-
bient earth’s magnetic field intensity is substantially
uniform in the absence of a vehicle within the service
area. It will be appreciated, of course, that steady state
magnetic field distortions due to the permanent pres-
ence of magnetically permeable masses, such as the
housing of the dispenser 18, have been ignored. The
magnetic field lines 36 in FIGS. 2a and 2b have been
illustrated as being slightly inclined with respect to the
surface. Although the magnetic field can be considered
as being substantially vertical with respect to the sur-
face at most locations on the earth’s surface displaced
from the equator, in reality, the magnetic field lines at
any particular location will be inclined at some angle
usually referred to as the dip angle of the earth’s mag-
netic field. For example, the dip angle in Los Angeles,
Calif. is approxiamately 60°.

The sensor unit 30, as will be explained, in greater
detail hereinafter, includes a magnetic field sensing de-
vice which provides an output signal having a charac-
teristic related to the level of magnetic field intensity
through a “sampling area” or “flux collecting aper-
ture” thereof. As is explained in the afore-cited U.S.
Pat. No. 3,249,915, magnetic field sensing devices gen-
erally may be regarded as having such a sampling area
or flux collecting aperture, the size and shape of which
are dependent upon the characteristics of the particu-
lar device. In the preferred embodiment of the present
invention, the sensing device comprises a flux gate
magnetometer whose sampling area is generally de-
fined by the nature, size and shape of the magnetome-
ter core structue and any additional flux collecting ele-
ments, if any, together with the coils surrounding the
core structure.

As shown in FIGS. 2 and 3, the sensing unit 30 is
mounted between the projections of the service areas
14W and 14E projected in the direction of the mag-
netic field. The sensing device, i.e., the magnetometer,
within the sensing unit is oriented so that its sampling
area senses the substantially vertical external magnetic
field component so as to thus enable it to indicate a re-
duction in that component from an ambient level
caused by a vehicle entering one of the areas 14W or
14E.

More particularly, as has been recognized and ex-
plained in the afore-cited U.S. Pat. No. 3,249,915, a
magnetically permeable mass, such as is found in con-
ventional vehicles, will concentrate the magnetic field
lines therethrough to thus increase magnetic field in-
tensity above and below the vehicle. More accurately,
it can be said that the presence of a magnetically per-
meable mass on a specified area of the earth’s surface,
such as service area 14W of FIGS. 2 and and, 3, will in-
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crease the magnetic field intensity within a volume con-
stituting the projection of the specified area in a direc-
tion determined by the magnetic field inclination at
that site. Whereas, prior art magnetometer detection
systems have employed the recognition of this intensity
increase phenomena in order to detect the presence of
vehicles within a specified area, in accordance with the
present invention the magnetic field sensing means is
disposed so as to sense magnetic field intensity outside
of the volume in which the field intensity is increased
as a consequence of the vehicle presence. That is, as
shown in FIGS. 2 and 3, the sensor unit 3¢ is mounted
so as to be adjacent to but outside of the volumes con-
stituting the substantially vertical projections of the
specified service areas 14W and 14E. Consequently,
when the vehicle 40 enters the area 14W, it substan-
tially increases the field intensity as represented in
FIGS. 3a and 3b above and below the vehicle within the
projection of the area 14W in the direction of the mag-
netic field. However, as will be also noted in FIGS. 3a
and 3b in the presence of the vehicle 40, the field inten-
sity is reduced from ambient adjacent to but outside of
the projection of the area being monitored. Thus, the
magnetic field intensity at the sensor unit 30 in the
presence of the vehicle 40 as shown in FIG. 3 is re-
duced from the ambient field intensity level as shown
in FIG. 2 and it is this field intensity reduction which
is sensed to actuate the remote bell unit 24 in house 10.

Attention is now called to FIG. 4a which illustrates
a schematic diagram of a preferred embodiment of a
vehicle sensor unit, e.g., 30, in accordance with the
present invention. The embodiment of FIG. 4a
preferably employs a flux gate magnetometer 50 as the
magnetic field sensing device mounted so as to sense
the substantially vertical magnetic field component. As
is explained in detail in the afore-cited U.S. Pat. No.
3,249,915, a flux gate magnetometer S can be com-
prised of a magnetically saturable element 52 forming
a core upon which a.plurality of windings 54, 56, 58
and 60 placed. The windings 54 and 56 comprise ener-
gizing windings and are wound on the core 52 with op-
posite orientations, as expressed by the orientation rep-
resenting dots. As shown, the windings 54, and 56 are
connected in series between the output terminal of an
oscillator 62 and a squrce of reference potential, such
as ground. The oscillator 62 provides a relatively high
frequency alternating current output signal, e.g. at 100
kilohertz, to energize the windings 54 and 56.

The windings 58 and 60 comprise output windings
and, as represented by the orientation dots, are wound
on the core 50 with similar orientations. The windings
58 and 60 are connected in series between a source of
reference potential, as ground, and a magnetometer
output terminal 64.

As is explained in the cited U.S. Pat. No. 3,249,915,
the flux gate magnetometer 8¢ will provide an output
signal at terminal 64 having a frequency equal to twice
that of the output of oscillator 62 and an amplitude
substantially proportional to the net magnetic field in-
tensity component, e.g., represented by arrow 66,
through the sampling area thereof, essentially along
core 52. The operation of the magnetometer 50 can be
readily understood by initially considering its perform-
ance in the absence of any net external magnetic field
component along the core 52. In this situation, during
each half cycle of the energizing signal provided by os-
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cillator 62, the windings 54 and 56 will produce oppo-
site magnetic fields in the upper and lower (as repre-
sented in FIG. 4a portions of core 52, respectively. The
parameters of the magnetometer are selected such that
saturation occurs within the core 52 for a major portion
of each half cycle. Since the windings 54 and 56 are
producing oppositely directed magnetic fields within

the core 52 and since the output windings 58 and 60
are similarly wound, equal amplitude output signals of
opposite polarity will be induced in the windings 58 and
60 by transformer action prior to saturation during
each half cycle. As long as the signals induced in wind-
ings 58 and 60 are equal and of opposite polarity, they
will, of course, cancel one another to provide essen-
tially a zero amplitude output signal at magnetometer
output terminal 64.

Now consider the action of the magnetometer in the
presence of an ambient magnetic field as represented
by the arrow 66. In this situation, during each half cycle
of the energizing signal, either the upper or lower sec-
tion of the core 52 will saturate before the other section
depending upon the direction of the ambient magnetic
field. Thus, transformer action will continue for a
longer portion of each half cycle in one of the output
windings 58 or 60, as compared to the duration of
transformer action in the other output winding. As a
consequence, the output windings 58 and 66 will yield
an output signal at terminal 64 which has a frequency
twice that of the frequency of the signal provided by
the oscillator 62 and an amplitude substantially propor-
tional to the magnitude of the magnetic field intensity
component 66 along the core 52.

it is emphasized that although the disclosed flux gate
magnetometer 50 constitutes a preferred form of mag-
netic field intensity sensing means, it is recognized that
sensing devices other than the disclosed flux gate mag-
netometer could be suitably employed in accordance
with the present invention.

The output signal provided on terminal 64 by the flux
gate magnetometer 50 is coupled to a circuit 70 which
will be referred to as a demodulation circuit. The de-
modulation circuit 70 responds to the alternating mag-
netometer output signal to provide a direct current sig-
nal at circuit point A having an amplitude substantially
proportional to the external magnetic field intensity 66.

. The circuit 70 is comprised of a capacitor 62 and a

diode 74 serially connected between magnetometer
output terminal 64 and circuit point A. Diode 76 con-
nects the junction between capacitor 72 and diode 74
to ground. Storage capacitor 78 connects circuit point
A to ground. The two diodes 74 and 76 operate in con-
junction with the capacitor 72 to provide voltage dou-
bling and rectification. The capacitor 78 acts as a stor-
age or integrating capacitor to yield a direct current po-
tential at circuit point A substantially proportional to
the intensity of the external magnetic field 66. As
shown in FIG. 4b, it will be assumed that the direct cur-
rent potential level established at circuit point A by the
component of the ambient magnetic field along core 52
is equal to E,.

As has been pointed out, in accordance with the pres-
ent invention the magnetometer 50 is mounted so as to
sense the substantially vertical field component adja-
cent to but outside of the projection of an area being
monitored so that the entry of a magnetic permeable
mass, i.e., a vehicle, into the monitored area, as was ex-
plained in conjunction with FIGS. 1, 2 and 3, will cause
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a reduction in the external magnetic field intensity
through the magnetometer sampling area. As a conse-
quence, the DC potential on circuit point A will fall
from the level E, to a lower level, represented by E,.
That is, in the representative waveforms of FIG. 4b, the
absence of a vehicle within either of the monitored
areas 14W or 14E of FIGS. 2 and 3 has been assumed
between times ¢0 and t1, however, it is assumed that a
vehicle 40 enters one of the monitored areas, e.g., area
14W to thus reduce the external field intensity along
saturable core 52 and in turn reduce the potential at
circuit point A of FIG. 4a from the level E, to the level
E, (FIG. 4b).

The reduction in potential at circuit point A caused
by a vehicle entering a monitored service area is cou-
pled to an amplifier 80 to generate a command signal
to ultimately energize an audible alarm. Although the
reduction ‘in potential at circuit point A could be
merely AC coupled in a conventional manner to the
amplifier 80 by a capacitor and resistor, it has been
found to be generally preferable to employ an adaptive
threshold circuit, such as circuit 82 of FIG. 44, to cou-
ple circuit point A to the amplifier 80. Briefly, the func-
tion of the adaptive threshold circuit 82 is to define a
threshold signal level just slightly below, e.g., 0.2 per-
cent, the level of the signal at circuit point A. When a
magnetically permeable mass enters the area being
monitored to reduce the level at circuit point A by
more than 0.2 percent, this will trigger the amplifier 80
to generate a command output signal. After a short in-
terval, e.g., 3 seconds, the threshold signal developed
by the adaptive threshold circuit 82 will then adapt to
the new level at circuit point A, so as to be able to
thereafter recognize the entry of a subsequent magneti-
cally permeable mass into the area being monitored.

More particularly, the adaptive threshold circuit 82
is comprised of a voltage divider including resistors 88
and 90 connected in series. In order to establish a
threshold level substantially 0.2 percent below the level
at circuit point A, the resistor 90 is selected to have a
value approximately 500 times that of the resistor 88.
Thus, resistor 88 can have an exemplary value of 10 K
ohms and resistor 90 a value of 5 K ohms. A resistor 92,
which may for example, be approximately 10 K ohms,
couples circuit point A directly to amplifier input ter-
minal 84. Resistor 94 which also may have a value on
the order of 10 K ohms, couples the junction between
resistors 88 and 90 to amplifier input terminal 86. A
relatively large capacitor 96, for example having a
value of 250 microfarads, connects amplifier input ter-
minal 86 to ground.

Prior to considering the operation of the adaptive
threshold circuit 82, it is pointed out that the amplifier
80 preferably comprises an operational amplifier, of
which several satisfactory types are readily commer-
cially available. The amplifier 80 is used such that when
the potential on terminal 84 is more positive than the
potential on terminal 86, the amplifier 80 will provide
a negative output signal. On the other hand, when the
potential on amplifier input terminal 86 is more posi-
tive than the potential on input terminal 84, then the
amplifier 80 will provide a positive output signal.

Referring now to FIG. 4b, it will be noted that under
ambient conditions in the absence of a vehicle within
the monitored area, as represented between the times
10 and 11, the potential on amplifier input terminal 84,
i.e., circuit point B, will be equal to E, or in other words

20

25

30

35

55

60

8

the potential at circuit point A. At this time the poten-
tial on amplifier input terminal 86 will be equal to R'E,
where R constitutes the ratio of the value of resistor 90
to the sum of the values of resistors 88 and 90. Thus,
utilizing the exemplary values shown in FIG. 4a, the po-
tential at input terminal 86 (circuit point C) will be
500/501 X E,. Accordingly, since the potential at input
terminal 84 is more positive than the potential at input
terminal 86, the amplifier 80 will provide a negative
output signal at circuit point D as represented in FIG.

Now assume at time ¢, a vehicle enters the monitored
service area 14W of FIGS. 2 and 3. The magnetometer
50 will immediately sense the resulting reduced mag-
netic field intensity and thus the potential at circuit
point A will immediately fall from level E, to E,. Since
circuit point B is directly resistively coupled to circuit
point A, the potential thereon will likewise rapidly fall
from level E, to level E,. On the other hand, because
of the large time constant established by the large ca-
pacitor 96, the potential on input terminal 86 (circuit
point C) will change considerably more slowly from the
level R.E, to the new level R'E. This, of course, means
that the potential on amplifier input terminal 86 will
temporarily be more positive than the potential on
input on input terminal 84 and as a consequence the
output of amplifier 80 will go positive until the capaci-
tor 96 discharges to where the potential on amplifier 86
is again less positive than the potential on input termi-
nal 84. Thus, FIG. 4b represents that amplifier 80 will
provide a positive output signal at circuit point D be-
tween times ¢1 and ¢2 which duration is primarily deter-
mined by the value of capacitor 96 and which is se-
lected to be sufficiently long, e.g., 2 to 3 seconds, to as-
sure that vehicles entering the monitored areas at very
slow speeds will still be recognized. Once the output of
amplifier 80 returns to a negative potential, the sensor
unit of FIG. 4a is then again able to sense a further field
intensity reduction as would be produced by the entry
of a new vehicle into the monitored area. That is, it has
been assumed that the vehicle 40 of FIG. 3 entered the
monitored area 14W at time ¢1 illustrated in FIG. 4b.
This vehicle was detected by the amplifier 80 providing
a positive output signal between times t1 and 2. Now
assume that a second vehicle enters the area 14E of
FIG. 3 at time ¢3 while the first vehicle still occupies the
area 14W. The entry of the second vehicle will again
cause a reduction of the potential level at circuit point
A of FIG. 4a to again reduce the potential at circuit
point B below the potential at circuit point C. As a con-
sequence, the amplifier 80 will again provide a positive
output signal between times 3 and ¢4. When one of the
vehicles leaves the monitored area at time 5, it will
produce an increase in potential at circuit point A from
level E, to level E;, but however, it should be under-
stood that this increase in potential will not activate the
amplifier 80. That is, the increased potential on circuit
point A will merely make the potential on input termi-
nal 84 even more positive than it was relative to the po-
tential on input terminal 86 and as a consequence the
amplifier 80 will not respond.

Prior to considering the manner in which the output
of amplifier 80 is utilized to supply a command signal
to actuate an audible signal, i.e., the bell unit 24 in the
service station house 10 (FIG. 1) it is pointed out that
a regeneration path 100 can optionally be utilized to
speed and make more positive the response of amplifier
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80 to an arriving vehicle. More particularly, the output
of amplifier 80 is coupled through a feedback resistor
102 to the magnetometer secondary windings 58 and
60 in a manner to further reduce the magnetic field
along the saturable core 52. That is, as has been
pointed out, the entry of a vehicle into the monitored
area causes a reduction in the external magnetic field
intensity along core 52 so as to cause the amplifier 80
to produce a positive output signal. The regeneration
path 100 couples the output of the amplifier 80 back
to the magnetometer output windings 58 and 60 with
a sense such that a positive amplifier output produces
a current through the output windings in a direction to
produce a field component in core 52 opposite to the
ambient magnetic field 66 to thereby further reduce
the net magnetic field intensity along core 52 and thus
increase the effect of an entering vehicle.

In accordance with a significant feature of the pres-
ent invention for application in service stations and the
like, the output signal provided by amplifier 80 is cou-
pled back to the bell unit in the house 10 (FIG. 1)
through a 110 volt power line which normally exists in
most modern service stations. More particularly, the
output of amplifier 80 is connected to the enable input
terminal 104 of a gate 106. Additionally, the output of
oscillator 62 is connected to the input terminal 108 of
gate 106. The gate 106 functions to pass the signal ap-
plied to its input terminal 108 to its output terminal 110
when an enabling signal (herein assumed to be posi-
tive) is provided on its input terminal 104. The gate
106 can take many forms but most simply, it can consti-
tute an operational amplifier, similar to the amplifier
80, which will pass the signal applied to input terminal
108 only when a positive potential is applied to the en-
able input terminal 104. FIG. 4b illustrates the signal
supplied by gate 106 at its output terminal 110 (Circuit
point E) in response to the operation of the amplifier
80. ' ‘

The output terminal 110 of gate 106 is coupled to the
110 volt power line which, as has been pointed out,
normally extends to the service island in modern ser-
vice stations. More particularly, the gate output termi-
nal 110 is connected to the input of a high pass filter
112 whose output terminals 114 are connected to the
110 volt power line. Thus, as should now be readily ap-
preciated, the entry of a permeable mass such as a vehi-

. cle into a monitored area such as either area 14E or
14W of FIGS. 2 and 3, causes amplifier 80 of FIG. 4a
to produce a positive output signal to consequently
couple a burst of the output signal of oscillator 62 to
the 110 volt power line and thus to the bell unit 24
within the house 10,

Prior to terminating the discussion of FIG. 4aq, it is
pointed out that a conventional power supply unit 120
is incorporated in the vehicle sensor unit to provide the
required potential levels to oscillator 62, amplifier 80,
gate 106, etc.

Attention is now called to FIG. 5 which schematically
illustrates the circuitry of the bell unit 24 mounted
within the service station house 10 (FIG. 1). It will be
recognized that the function of the bell unit 24 is to
monitor the 110 volt power line and respond to each
high frequency burst thereon to energize the striker so-
lenoid of a bell in order to audibly alert service station
attendants.

The bell unit 24 of FIG. § is coupled to the 110 volt
power line, as by plug 140, The plug 140 couples the
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power line to the input of a band pass filter 148 which,
of course, is selected to have a bandpass characteristic
to pass signals within a small frequency band about a
center frequency equal to the frequency of the output
signal of oscillator 62. The output of the bandpass filter
is coupled through rectifier 150 to power amplifier
154,

Although not illustrated, an appropriate noise dis-
crimination circuit can be incorporated between filter
148 and amplifier 154 in order to distinguish the rela-
tively long high frequency burst applied to the power
line by the sensor unit from noise bursts which may
spurriously appear on the power line in certain rare-en-
vironments. In one simple form such a noise discrimi-

‘nation circuit could merely comprise a delay circuit se-

lected so that it will suppress bursts supplied thereto
which have a duration shorter than one-half second for
example. It will be recalled that the burst supplied by
the sensor unit will normally have a 2 to 3 second dura-
tion. Thus, to the extent that any spurrious 100 K hz

" signals appear on the power line, they will be sup-
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pressed unless they have a duration in excess of one-
half second. Although the use of a simple delay circuit
of this type is normally desirable and adequate in most
environments to suppress spurrious noise, it is recog-
nized that in other environments where, for some rea-
son longer duration spurrious signals are likely to be
frequently encountered, other and well known more
complex and effective noise suppression and/or infor-
mation coding circuits can be utilized.

In any event, it should be appreciated that noise sup-
pression circuitry appropriate to a particular environ-
ment can be readily selected to distinguish the high fre-
quency burst supplied to the power line from gate 110
in order to activate power amplifier 154. The output of
power amplifier 154 controls a switch 156, illustrated
as an NPN transistor. More particularly, the output of
amplifier 154 is connected to the base of transistor 156.
The emitter of transistor 156 is connected to ground.

‘The collector of transistor 156 is coupled through a coil

of relay 158 to a source of positive potential. The relay
coil 158 controls a normally open switch contact 160
which is connected in series with the coil of a striker so-
lenoid 162. The coil of the striker solenoid 162 is con-
nected across the 110 volt power line and in series with
the normally open switch contact 160. Energization of
the striker solenoid coil causes a striker (not shown) to
strike a bell sounder 164 in order to generate the audi-
ble alert for the station attendant.-

FIG. 5 also illustrates a power supply unit 170 pow-
ered from the 119 volt power line. The power supply
unit is utilized in order to generate the appropriate po-
tential levels to power the amplifier 154, for example.

From the foregoing, it should now be appreciated
that a vehicle detection system has been disclosed
herein for responding to the entry of a permeable mass,
such as a vehicle, into a specified area of the earth’s
surface. It will be recognized that the sensor unit of
FIG. 4a has the capability of responding to the entry of
successive vehicles as a consequence of the use of the
adaptive threshold circuit 82 which effectively devel-
ops a threshold signal which adapts to any condition
which exists for a certain length of time. It is as a conse-
quence of the adaptive feature of FIG. 44 that the sen-
sor unit is able to respond to a new vehicle arriving in
the area 14E (FIG. 3), for example, even though the
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area 14W is still occupied by a vehicle to which the sen-
sor unit has previously responded.

Although the utility of the adaptive feature of the
sensor unit of FIG. 4a for many applications should be:
readily apparent, in other applications, it may be desir-
able to not only sense the entry of a vehicle into a moni-
tored area, but in addition, to sense the continued pres-
ence of the vehicle in that area. In order to do this, a
threshold level related to ambient field intensity is held
substantially constant for long durations rather than
adapting to relatively rapidly changing conditions such
as is caused by an arriving vehicle. More particularly,
in order to detect presence, the threshold is held con-
stant at a level determined by the ambient conditions
at the particular site at which a sensor unit is being em-
ployed.

FIG. 6a illustrates a vehicle sensor unit which not
only responds to the entry of a vehicle into a monitored
area, but in addition to its continued presence in the
area. It will be recognized that from FIG. 6a, the circuit
therein is quite similar to the circuit of FIG. 4a. That
is, it employs high frequency oscillator 200 for energiz-
ing a magnetometer 202. The output of the magnetom-
eter is then applied through a demodulation circuit 204
to develop a direct current potential at circuit point A’,
the level of which is substantially proportional to the
magnetic field intensity seen by the magnetometer 202.
FIG. 6(b) illustrates the potential level at point A’. The
time interval between time t0 and t1 assumes that the
magnetometer 202 sees the ambient magnetic field in
the absence of a vehicle and as a consequence of that
field produces a potential level E, at circuit point A’.
As shown in FIG. 64, circuit point A’ is coupled to the
input terminal 206 of an amplifier 210 through a resis-
tor 212. The second input terminal 214 of amplifier
210 is coupled to the slider 216 of a potentiometer 218.
The potentiometer 218 is connected between a source
of positive potential and ground. The output of the am-
plifier 210 is illustrated as being connected to a utiliza-
tion means 220 which can, for example, constitute the
gate 106 of FIG. 4a. Although the regeneration path
100 of FIG. 4a is not illustrated in FIG. 6a, it will be
recognized that regeneration can advantageously be
incorporated therein also.

In order to use the sensor unit of FIG. 6a, the position
of the slider 216 on potentiometer 218 must first be es-
tablished to produce the threshold level. To do this,
under ambient conditions, in the absence of a vehicle
within the monitored area, the slider 216 is manually
adjusted to a level just below that which trips the utili-
zation means 220. That is, the slider 216 is moved
along the potentiometer to establish a threshold poten-
tial E, thereon which is very slightly more negative than
the potential on input terminal 206 under ambient con-
ditions in the absence of a vehicle. This can be physi-
cally done by increasing in the positive direction the
value of E, until the utilization means 220 is trlpped and
then backing off slightly so that the potential E, is es-
tablished at a level just slightly below the potential Eq
established by the ambient magnetic field in the ab-
sence of a vehicle within the monitored area. This type
of procedure is often referred to as a site adjustment

“and is normally performed only upon the initial installa-
tion of the sensor unit. Once the proper site adjustment
has been found, the position of the slider 216 on the po-
tentiometer 218 should be held fixed.
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Whenever a vehicle arrives then into the area moni-
tored by the magnetometer 202, the potential at circuit
point A’ will fall from the level E, to a level E; below
the established threshold level E,. As a consequence,
the potential on amplifier input terminal 14 will be-
come more positive than the potential on amplifier
input terminal 206 and as a consequence the amplifier
210 will provide a positive output signal as shown in
FIG. 6b, to thus actuate the utilization means 220.

From the foregoing, it will be recognized that an
adaptive vehicle sensor unit has been shown herein in
FIG. 4a to sense the entry of a vehicle into a specified
area and to thereafter adapt to the presence of the rec-
ognized vehicle in order to enable it to sense the entry
of a subsequent vehicle into the monitored area. On the
other hand, the sensor unit of FIG. 6a is able to respond
to the entry and continued presence of a vehicle within
the monitored area. It should readily be recognized that
in actuality the capabilities of the sensor unit of FIG. 4a
and FIG. 6a could be combined within a single unit in
order to enable it to selectively operate in either an
adaptive mode analogous to the operation of the sensor
unit of FIG. 4a or a presence mode analogous to the
operation of the embodiment of FIG. 6a. Mode selec-
tion can, for example, be determined by the position of
a manual switch on the sensor unit. It should further be
recognized that either the sensor unit of FIG. 4a or 6a
could be utilized to actuate a remote signal unit, such
as the audible bell unit 24, as by coupling a high fre-
quency signal through an existing power line. Although
this manner of communication is particularly useful is
service station applications, it should be recognized
that other applications of the invention may not require
remote communication. For example only, embodi-
ments of the present invention can be utilized to signal
the arrival of a vehicle adjacent a bank drive-in win-
dow. In this application, it is probable that the audible
signal unit could be coupled directly to-the sensor unit
so that communication over the power line is not re-
quired. In other situations, as for example in conjunc-
tion with parking gates where the arrival of a vehicle
adjacent a ticket dispensing machine is intended to
raise a gate in front of the vehicle, a special communi-
cation conductor, might be utilized in lieu of the power
line communication technique explained in conjunc-
tion with FIGS. 1-5.

Although the embodiments of FIGS. 4a and 6a
contemplate that the magnetic field intensity sensing
device, i.e., the magnetometer, be contained within a
housing also containing the illustrated electronics, it
should further be recognized that the magnetometer
alone could be utilized remote from the circuitry uti-
lized therewith. Thus, FIG. 7 illustrates an embodiment
of the invention in which a probe 221 containing a
magnetometer is buried beneath the surface of a road-
way 222, FIG. 7 illustrates the probe 221 as being bur-
ied between two adjacent lanes 224 and 226, rather
than within the lane as is characteristic of the prior art.
That is, the probe 221 of FIG. 7 should be buried sub-
stantially vertically adjacent to but outside of the sub-
stantially vertical projection of the lane or area being
monitored in order to sense a reduction in field inten-
sity caused by a magnetically permeable mass. Utiliza-
tion of the probe 221 in the manner shown in FIG. 7 en-
ables a single probe to monitor both lanes 224 and 226.
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The circuitry required to function with the probe 221
can be contained within a roadside housing 230 and
can be connected thereto by a cable 232 buried within
the roadway. Thus, for example, the housing 230 can
contain the oscillator 200, the demodulation circuit
204, the amplifier 210 and accompanying circuitry,
and the utilization means 220 of FIG. 6a.

Alternatively however, the application of FIG. 7 can
employ the circuit configuration of FIG. 8 which is par-
ticularly well suited to situations where a plurality of
probes are to be placed at locations having no readily
available source of power so that it is necessary to sup-
ply magnetometer excitation current, as by cable 232.
Such a situation is encountered, for example, in moni-
~ toring traffic on a multiple lane roadway. In a typical
application of the present invention (see FIG. 13), N-+1
traffic lanes in one direction can be monitored with N
probes, each buried between lanes and connected to a
common control circuit as represented in FIG. 8.

More particularly, from what has been said herein, it
will be recalled that each magnetometer probe 300
(FIG. 8) includes a pair of primary or input windings
302 and a pair of secondary or output windings 304. In
accordance with the preferred circuit arrangement of
FIG. 8, the primary windings 302 of the N magnetome-
ters are connected in series. Similarly, the secondary
windings 304 of the N magnetometers are also con-
nected in series.

The series connected primary windings 302 are con-
nected across the output of a divide by 2 frequency di-
vider 306 providing an excitation signal at frequency f.
The frequency divider 306 is in turn driven by an oscil-
lator 308 providing a signal at frequency 2f. As has
been mentioned, each magnetometer provides an out-
put signal on its secondary windings 304 having a fre-
quency equal to twice the frequency of the excitation
signal applied to the primary windings thereof. As is
well known in the art, the phase of this second har-
monic output signal will either be in phase (i.e., ¢ =0°)
or out of phase (i.e., ¢ = 180°) with a corresponding
frequency reference signal depending upon the direc-
tion of the magnetic field sensed by the magnetometer.

More particularly, attention is now diverted to FIG.
9a which depicts the V shaped characteristic of a typi-
cal flux gate magnetometer which is described in “Non-
linear Magnetic Control Devices” by William A.
Geyger, McGraw-Hill, Inc., Page 343. The characteris-

tic depicted in FIG. 9a shows that the magnetometer _

produces an output voltage E,, as a function of the
magnitude of the sensed field intensity H. It will be
noted that the characteristic is substantially symmetric
and that as the field intensity is increased from zero in
either direction, the magnetometer output voltage in-
creases symmetrically and substantially linearly. As
previously noted, the magnetometer output signal E,,,
is an AC signal whose phase is dependent upon the di-
rection of the sensed magnetic field intensity. It will be
assumed herein that the signal K, is in phase with a
second harmonic reference signal if the net field is in
the same direction as the earth’s field (which will hence
forth be assumed to be positive) but is 180° out of
phase with that reference signal if the net field intensity
is'in an opposite direction (henceforth assumed to be
negative). As will be seen, the circuit arrangement of
FIG. 8 detects the presence of a vehicle by comparing
the phase of the magnetometer output signal with the
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phase of the second harmonic reference signal pro-
vided by the oscillator 308,

More particularly, the series connected output wind-
ings 304 are connected across the input of a differential
amplifier 310. The output of the amplifier 310 is con-
nected to the input of a phase detection circuit 312,
The phase detection circuit 312 essentially consists of
first and second transistor switches Q1 and Q2 which
are alternately enabled by the second harmonic refer-
ence signal provided by the oscillator 308 as is shown

-inlines (¢) and (d) of FIG. 10. The switches Q1 and Q2

control the charging of a capacitor 314 such that if the
magnetometer output voltage is in phase, a positive
voltage will be developed across the capacitor termi-
nals 320 to 326. On the other hand if, the magnetome-
ter output voltage is out of phase, then a negative volt-
age will be developed across the capacitor terminals,
320 to 326.

Note that the phase detection circuit 312 includes a
path comprised of series resistors 316 and 318 connect-
ing the output of differential amplifier 310 to the ca-
pacitor first terminal 320. A second path comprised of
series resistors 322 and 324 connect the output of am-
plifier 310 to the capacitor second terminal 326. The
emitters of transistor switches Q1 and Q2 are con-
nected in common to a source of DC voltage. The col-
lector of transistor Q1 is connected to the junction be-
tween resistors 316 and 318 and the collector of tran-
sistor Q2 is connected to the junction between resistors
322 and 324. The bases of transistors Q1 and Q2 are
respectively connected through resistors 330 and 332
to complimentary output terminals of the oscillator 308
80 as to be alternately switched, as represented in lines
(c) and (d) of FIG. 10. When the transistor switch Q2
conducts (“on”), the output of amplifier 310 is steered
through the path comprised of resistors 316 and 318 to
capacitor terminal 320. If the output of amplifier 310
is in phase (line (e), FIG. 18), the capacitor 314 will be
charged positive from terminal 320 to 326. If the out-
put of amplifier 310 is out of phase (line (f) FIG. 10),
then the capacitor 314 will be charged negative, i.c.,
from terminal 320 to 326.

Inasmuch as it is desired that the circuit of FIG. 8 be
capable of indicating continuous presence of a vehicle,
rather than mere entry, it is necessary to include bias
means 332 for adjusting the detector to a particular
site. That is, again calling attention to FIG. 9a, the
point H, represents a typical value of vertical compo-
nent of the earth’s magnetic field intensity. For reasons
having to do with stability and linearity, it is normally
desirable that the magnetometer be operated at a point
close to the axis of symmetry of the V-shaped charac-
teristic. This can be accomplished by producing a bias
field along the magnetometer axis in a direction oppo-
site to the earth’s field. In accordance with the present
invention, the N magnetometers in a series string are all
biased by a series bias current driven through the mag-
netometer secondary windings to an operating point
Ho, which is associated with an output voltage Eo as
depicted on the composite magnetometer characteris-
tic shown in FIG. 9b. As will be seen hereinafter, the
bias current magnitude is selected so as to establish a
fixed operating point Ho regardless of the number of
probes connected in series. Thus, although the bias cur-
rent magnitude will vary dependent on the number of
probes (i.e., the value of N), the operating point Ho
will be fixed and independent of the probe number.
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This means that probe sensitivity will not vary based on
the number of probes employed. FIG. 9c illustrates the
voltage (Ecap) developed across the capacitor 314 as
a function of sensed field intensity. Note that the volt-
age Ecap is substantially linearly related to field inten-
sity H over a wide region and that it is negative for neg-
ative field values and positive for positive field values.

As mentioned, in order to adjust the circuit of FIG.
8 to a particular site, a bias current is driven through
the series connected magnetometer secondary wind-
ings 304. In order to do this, a first terminal of the se-
ries connected secondary windings is connected to a
slide 334 of a potentiometer 336, connected between
a source of positive DC voltage and ground. A second
terminal of the series connected secondary windings is
connected through resistor 338 to ground. As the slide
334 is moved along the potentiometer 336, the bias
field developed by the bias current through the magne-
tometer secondary windings is, of course, varied to
thereby enable the operating point on the V-shaped
characteristic of FIG. 9b to be varied. In order to deter-
mine the proper position for the slide 334, an indicator
lamp 340 is provided controlled by the output of an op-
erational amplifier 344 operating as a comparator.

A voltage E, is applied to a first terminal 345 of the
amplifier 344 by connecting it appropriately to a volt-
age divider 346 connected between a source of positive
DC potential and ground. The second terminal 347 of
amplifier 344 is connected to the capacitor terminal
320. The amplifier 344 will provide a negative output
as long as the potential on terminal 345 is negative
compared to the potential on terminal 347. When the
potential on terminal 347 becomes more negative than
the potential on terminal 345, the amplifier 344 output
signal will go positive to energize lamp 340.

Site adjustment is accomplished by moving the slide
334 along the potentiometer 336 (to increase the bias
current and reduce the magnetometer output voltage)
until the indicator lamp 340 just goes on and then back-
ing off on the slide slightly to allow the lamp to go off.
More particularly, in order to better understand the site
adjustment operation, initially assume that no bias cur-
rent is provided from the slide 334 to the magnetome-
ter secondary windings. In the absence of bias current,
the operating point of the magnetometers will be de-
fined by the vertical component of the earth’s magnetic
field represented by H, in FIG. 9b. The magnetometer
output signal NE,,, will be in phase to thus produce a

_ positive voltage across the capacitor from terminal 320
to 326. Thus, the potential on amplifier input terminal
347 will be greater than the potential on terminal 345
and the amplifier 344 will provide a negative output
signal. Now, assume that the slide 344 is moved along
the potentiometer 346 so as to produce a bias field
along the magnetometer axes in a direction opposite to
the earth’s magnetic field. This will bias the magnetom-
eters down toward the axis of symmetry of the V-
shaped characteristic of FIG. 9b and reduce the voltage
across the capacitor 314. As the net field seen by the
magnetometers approaches null, the voltage on termi-
nal 320 decreases below E, and the amplifier 344 out-
put signal will become positive to energize lamp 340.
By then slightly backing off on the slider 334 to extin-
guish the lamp, a bias current will have been estab-
lished through the magnetometer secondary windings
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to establish the operating point Ho as represented in
FIGS. 9b and 9c. L

With the operating point Ho established as repre-
sented in FIGS. 9b and 9c, the circuit of FIG. 8 is then
operable to detect vehicles which produce a reduction
in magnetic field intensity as seen by the magnetome-
ters such as to cross the axis of symmetry of the com-
posite V-shaped characteristic. That is, in the absence
of a vehicle adjacent to the magnetometers 300, opera-
tion at the operating point Ho will produce a positive
voltage across capacitor 314. However, in the presence
of a vehicle which reduces the magnetic field intensity
so as to cross the axis of symmetry on the composite V-
shaped characteristic, the phase of the magnetometer
output signal NE,,, will shift by 180° thereby charging
the capcitor 314 in an opposite direction. When the
voltage across terminals 320 and 326 becomes nega-
tive, the output of amplifier 360 becomes positive.

The output of amplifier 360 is selectively coupled to
relay driver 362 either directly through switch 364 or
through a capacitor 366. That is, the switch 364 com-
prises a mode switch which can be selectively set to de-
fine either a pulse mode or presence mode. When the
blade of switch 362 engages contact 368, the output of
amplifier 360 is coupled directly to the relay driver 364
and for so long as the output of amplifier 360 is posi-
tive, the relay driver will be energized. The output of
amplifier 360 will, of course, remain positive for so
long as the field intensity seen by the magnetometers
has a value to the left of the axis of symmetry as repre-
sented in FIG. 9b. Thus, when the blade of switch 362
engages contact 368, the circuit of FIG. 8 functions to
provide a continuous presence indication. On the other
hand, when the blade of switch 362 engages contact
370, only transitions in the output of amplifier 360 are
coupled to the relay driver 364. The output of relay
driver 364 is connected to a solenoid coil 372 which in
turn controls the positioning of relay contact 374 to op-
erate any suitable utilization device.

Attention is now called to FIG. 11 which depicts an
alternative circuit configuration, similar to that shown
in FIG. 8, but substituting bias means 322’ for previ-
ously mentioned bias means 332, to enable the magne-
tometer operating point to automatically adapt to a
new field value. That is, whereas the bias means 332 of
FIG. 8 included a manually operable site adjustment
control (potentiometer slide 334), the circuit configu-
ration of FIG. 11 automatically adjusts the bias current
to establish the desired operating point Ho. In addition
to the elimination of the manual site adjustment con-
trol, the circuit of FIG. 11 has a significant advantage
as compared to the circuit of FIG. 8. This is that if a ve-
hicle stops adjacent to one of the magnetometer probes
so as to reduce the net magnetic field intensity on the
composite characteristic of FIG. 9b to the left of the
axis of symmetry, the circuit of FIG. 11 will after a
short time delay adapt to the new field value and thus
thereafter be able to sense the arrival of a new vehicle.
The disadvantage of the circuit of FIG. 11, as com-
pared to the circuit of FIG. 8, is that it is incapable of
indicating continuous vehicle presence since its operat-
ing point will automatically adapt to a new external
field value. That is, the circuit of FIG. 11 is capable of
indicating presence for a limited time only. Although,
it will be recognized from the foregoing comments that
the capabilities of the circuits of FIGS. 8 and 11 are
somewhat mutually exclusive, it should be apparent
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that the operational characteristics of both circuits can
be achieved in a single unit by the inclusion of appro-
priate switches.

In referring to FIG. 11, elements coresponding to ele-
ments already mentioned in FIG. 8, will be identified by
primed numerals corresponding to the numerals used
in FIG. 8. Aside from the different circuitry for supply-
ing bias current, the circuit of FIG. 11 can be substan-
tially identical to the circuit of FIG. 8. In the circuit of
FIG. 11, instead of connecting the output of amplifier
344’ to an indicator lamp, it is connected to a delay cir-
cuit comprised of capacitor 400 and resistor 402 and
then to a resistor 406 connected to the first terminal of
the string of magnetometer secondary windings.

In the operation of the circuit of FIG. 11, the ampli-
fier 344’ will be responsive to the voltage developed
across the capacitor 314’ to supply bias current to the
magnetometers through resistor 406 in order to reduce
the potential across the capacitor to the value E;. By
way of explanation, assume initially that the external
field is represented by H, as shown in FIG. 9b. As has
been previously indicated, this will produce a positive
voltage across capacitor 314’ in excess of the value E;
applied to amplifier input terminal 345'. As a conse-
quence, amplifier 344’ will develop an output signal to
supply current through resistor 406 in a first direction
to the magnetometer secondary windings to produce a
bias field opposite to the earth’s magnetic field to es-
tablish the operating point Ho. The development of this
bias field will, of course, have the effect of reducing the
positive’ potential across capacitor 314’. Upon the
entry of a vehicle into the area being monitored, the
sensed magnetic field will be reduced across the axis of
symmetry of the V-shaped magnetometer characteris-
tic, of FIG. 9b. As a consequence, the potential across
the capacitor 314’ will become negative and thus cause
the amplifier 344’ to provide a bias current in the oppo-
site direction to produce an oppositely directed mag-
netic field in the same direction as the earth’s magnetic
field. In this manner, the magnetometer operating point
H, will be automatically adjusted to adapt to any new
sensed field value. It should be recognized that this
adaption can be accomplished rapidly or slowly merely
dependent upon the value selected for the RC time
delay circuit comprised of capacitor 400 and resistor
402. The optimum adaptation period depends upon the
application in which the circuit is employed.

Although several applications of the embodiments of
the invention and variations thereof have been men-
tioned herein, it should be readily recognized that em-
bodiments of the invention will find utility in many
other applications wherein it is desired to sense the
entry or presence of a magnetically permeable mass
within an area of the earth’s magnetic surface.

Attention is now called to FIG. 12 which illustrates
an alternative manner of modifying the circuit of FIG.
8 to enable it to adapt to a new field intensity level. The
circuit embodiment of FIG. 12, instead of using bias
means for establishing a particular operating point, op-
erates on the basis of looking for a voltage decrease out
of the phase detection circuitry. That is, in order to
modify the circuit of FIG. 8 in accordance with the
teachings of FIG. 12, the bias means 332 are eliminated
and the circuitry shown in FIG. 12 is substituted for the
circuitry shown in FIG. 8 between the magnetometer
secondary winding terminals and the relay driver, For
convenience, elements in FIG. 12 corresponding to ele-
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ments in FIG. 8 are designated by the same numbers,
but double primed.

In the circuit of FIG. 12, the DC output voltage pro-
vided by phase detector circuit 312"’ is coupled by ca-
pacitor 410 to a first input terminal 412 of an opera-
tional amplifier 414. As should be apparent, the capaci-
tor 410 acts to AC couple the phase detector circuit
output to the amplifier 414 so that the amplifier only
sees transitions which occur in the phase detector out-
put rather than the absolute level thereof. The magni-
tude and direction of the phase detector output transi-
tion is compared with a threshold potential E, applied
to a second input terminal of amplifier 414. If the tran-
sition exceeds the threshold potential E; in a negative
direction, then the amplifier 414 will provide an output
signal to enable the relay driver. The operation of the
circuit of FIG. 12 can be easily related to the character-
istic depicted in FIG. 9c. That is, the net magnetic field
intensity can be at any point along the horizontal axis
which will produce some steady DC voltage at the
phase detector output. Upon the arrival of a vehicle ad-
jacent to one of the magnetometers, this net field will
be reduced by A H which in turn will produce a transi-
tion AEcap at the output of the phase detector. If AEcap
is more negative than the threshold - E,, the amplifier
414 will respond to energize the relay driver. In the ab-
sence of further transitions in the phase detector output
signal, the amplifier 414 will remain enabled for a pe-
riod determined by the time constant of capacitor 410
and resistor 411 which, of course, govems the rate at
which the capacuor charges.

Attention is now called to FIG. 14 which illustrates
a preferred probe structure particularly suited for use
in multiple lane traffic applications of the type repre-
sented in FIG. 13. In order to install wires beneath the
surface of a roadway, where conduits have not been
provided, it is common practice to make a slot by using
a concrete cutting saw. Typically, a one-quarter inch
wide slot can be easily cut to a depth of approximately
2 inches. In the application illustrated in FIG. 13, each
probe can be used to monitor traffic in two adjacent
lanes by installing each probe coincident with the
boundary line between those lanes. Thus, as illustrated
in FIG. 13, it is only necessary to employ two probes to
monitor four lanes.

In accordance with the preferred probe structure il-
lustrated in FIG. 14, the magnetometer element 420, is
sealed within a substantially rigid rectangular housing
422. The housing 422 can for example, be molded of
plastic around the magnetometer element 420 or alter-
natively could for example be formed of aluminum hol-
lowed out to receive the magnetometer element and
then sealed with some appropriate potting compound.
Numerous other materials are suitable for forming the
housing 422. Regardless of the material utilized, it is
significant in accordance with the present invention to
dimension the housing 422 so as to enable it to fit
within a saw cut slot 424 formed within a roadway 426.
Thus, the housing thickness T should preferably be
slightly less than one quarter inch and the depth D
should be less than 2 inches. Such dimensions are suffi-
cient to accomodate magnetometer elements of the
type discussed in the aforementioned U.S. Pat. No.
3,249,915, The magnetometer element 420 is prefera-
bly oriented in the housing with the element axis ex-
tending parallel to the housing depth dimension D.
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In order to facilitate easy placement of the magne-
tometer probe structures of FIG. 13 within the slot 424,
a multiconductor cable 430, interconnecting the probe
structures to each other and to the common control cir-
cuitry 432 (FIG. 13) enters the housing 422 through
opposed edge surfaces close to the housing bottom
edge 434 thereof. The conductors of the multiconduc-
tor cable 430 are preferably connected to the leads of
the magnetometer element 420 within the housing 422
in the manner shown in FIG. 8. It is pointed out that al-
though the probe structure of FIG. 13 has been dis-
closed herein primarily for use with control circuitry
responsive to reductions in magnetic field intensity, it
is equally useful with control circuitry of the type re-
sponsive to increases in field intensity.
What is claimed is:
1. A system useful for monitoring vehicular traffic on
a roadway surface including four or more lanes, respec-
tively designated as first, second, third . . . . N said sys-
tem including:
M probes, where M is an integer equal to or immedi-
ately greater than N/2;

means positioning said M probes adjacent to said
roadway surface with the first of said M probes sub-
stantially coincident with the boundary line be-
tween the first and second lanes, the seconf of said
M probes substantially coincident with the bound-
ary line between the third and fourth lanes and with
subsequent ones of said M probes respectively sub-
stantially coincident with alternate boundary lines
between adjacent lines;

each of said probes including a magnetic field sensing

device therein providing an output signal compo-
nent indicative of the level of magnetic field inten-
sity through a sampling area thereof;
means providing a reference signal representative of
a threshold level of magnetic field intensity; and

circuit means responsive to said reference signal and
said output signal components for indicating when
the level of magnetic field intensity sensed by one
of said field sensing devices is reduced below said
threshold level.

2. The system of claim 1 wherein each of said probes
includes a thin substantially solid housing adapted for
insertion into a slot, saw cut in the roadway surface
across said lanes; and

a multiconductor cable, adapted to be received in

said slot, interconnecting said probes to one an-
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other and to said circuit means.

3. The system of claim 2 including bias means for
producing a magnetic bias field through the said sam-
pling areas of said sensing devices substantially equal in
magnitude and opposite in direction to the fields
through said sampling areas in the absence of vehicular
traffic on said roadway proximate to said probes.

4. The system of claim 3 wherein said magnetic field
sensing devices each comprises a flux gate magnetome-
ter providing an output signal component constituting
an AC signal of frequency 2f and phase ¢, in response
to a magnetic field intensity in a first direction through
a sampling area and of frequency 2f and phase (¢, +
180°) in response to a magnetic field intensity in an op-
posite direction through the sampling area;

means providing a second reference signal of fre-
quency 2f and phase ¢,; and wherein

said circuit means includes means for determining
whether the sum of output signal components is in
phase or out of phase with said second reference
signal.

5. Apparatus suitable for burial beneath the surface
of a roadway for producing an electrical signal indica-
tive of the presence of a vehicle proximate thereto on
said roadway surface, said apparatus comprising:

magnetometer means for providing an electrical out-
put signal indicative of the level of magnetic field
intensity through a sampling area thereof;

a substantially rigid housing having a thickness di-
mension T on the order of one quarter inch and a
depth dimension D on the order of two inches
whereby said housing can be accomodated in a slot
in the roadway surface having a thickness and
depth greater than T and D, respectively;

said housing enveloping said magnetometer means;

means in said housing supporting said magnetometer
means with said sampling area thereof oriented to
indicate the level of magnetic field intensity ex-
tending substantially parallel to said housing depth
dimension; and

a multiconductor cable having a thickness dimension
less than T adapted to be received in said slot, said
cable extending into said housing substantially per-
pendicular to the thickenss dimension T thereof
with the conductors of said cable connected to said

magnetometer means.
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