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[57] ABSTRACT

A metal detector includes a detector head having a
primary or transmit coil for the transmission of electro-
magnetic radiation therefrom, and having a plurality of
secondary or receiving coils associated therewith for
having voltages induced therein by transmissions from
said primary coil. The presence of metallic objects
within the detector head affects the voltage level in-

“duced in the secondary coils, a condition which may be

detected as indicative of such presence of metallic ob-
jects. Each detector head preferably includes a primary
coil about the periphery thereof, with a plurality of
secondary coils, all in the same plane with the primary
coil, situated axially in from the periphery of the detec-
tor head in a mutually non-overlapping configuration,
preferably about the center of such detector head. A
plurality of such detector heads may be supported in
co-planar alignment by a common non-metallic support
structure for scanning relatively larger areas at a time.
The primary coil of each respective detector head may
be sequentially pulsed and selectively spaced to avoid
interference with adjacent detector heads, thereby
avoiding certain inherent disadvantages in applying
conventional single detector head frequency-dependent
tuned coil technology to multiple head use in an integral
metal detector system.

19 Claims, 2 Drawing Sheets
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INDUCTION-TYPE METAL DETECTOR WITH
INCREASED SCANNING AREA CAPABILITY

ORIGIN OF THE INVENTION

The invention described herein was made by employ-
ees of the United States Government and may be manu-
factured and used by or for the Government for govern-
mental purposes without the payment of any royalties
thereon or therefor.

BACKGROUND OF THE INVENTION

The present invention in general concerns an im-
proved metal detector, and in particular concerns an
induction-type metal detection system with a particular
detector head coil configuration suitable to be adapted
for use with single or multiple head embodiments. Sup-
porting electronic circuitry for use with either single or
multiple head embodiments forms additional aspects of
the present invention.

Heretofore, numerous coil configurations and detec-
tor head arrangements have been known for metal de-
tector devices. One generally well-known basic ap-
proach to transmit/receive coils (i.e. primary/second-
ary coils) involves a three coil arrangement, wherein
one transmit coil is operatively associated with two
receive coils which are wired in opposition to one an-
other. Basic detection principles of such three coil con-
figurations are also well known to those of ordinary
skill in the art.

Examples of such three-coil detector head configura-
tions may be found in McDaniel (U.S. Pat. Nos.
3,882,374, see FIG. 2 and column 2, lines 49-53); Mans-
- field (U.S. Pat. No. 3,652,928; see the Figure and col-
umn 2, lines 20-24); Binard (U.S. Pat. No. 4,552,134; see
FIG. 3 and column 3, lines 20-23); Bondarenko et al.
(U.S. Pat. No. 3,942,105; see FIG. 2 and column 2, lines
43-45); and Demopoulos et al. (U.S. Pat. No. 3,002,262;
see FIG. 1 and column 1, lines 17-24). In general, the
disclosures of such patents, and particularly with re-
spect to their electronic circuitry for detection of metal
objects and the operating principles thereof, are incor-
porated herein by reference.

All of the foregoing patents are generally directed to
a single detector head arrangement, whether the coils
thereof are situated in a co-planar arrangement (i.e.
common plane) or not. For example, FIG. 3 of Binard
(U.S. Pat. No. 4,552,134) clearly illustrates that radiat-
ing coil 6 thereof is in a different plane from the pair of
receiving coils 7. As clearly illustrated by such FIG. 3
of Binard, non-planar arrangements can be bulky and
require additional (perhaps critical) space.

McDaniel (U.S. Pat. No. 3,882,374), while showing a
co-planar arrangement of three coils in FIG. 2 thereof,
illustrates another non-co-planar arrangement in its
Prior Art FIG. 1. In such Prior Art figure, five coils
(one transmit and four receive) are situated in two sepa-
rate planes. In both embodiments, (the Prior Art FIG. 1
and his inventive FIG. 2), McDaniel provides receiving
coils which are at least in part disposed outside the
periphery of his transmitting coil.

In addition, prior single detector head systems are in
general not well suited nor readily adapted for use in
muitiple head configurations so as to increase the scan-
ning area for a metal detection system. For example, a
single head unit consisting of a three foot by three foot
detector head only covers a nine square foot area at a

time. If such detector head were repeated in a one by.
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.2
eight array, with each head still measuring three feet by
three feet, then such a multiple head detector could
cover a 72 square feet scanning area at a time providing
tremendous advantages over the single head unit, par-
ticularly whenever large scale scanning operations are
undertaken.

However, as alluded to above, a single head detector
using for example a tuned coil concept (well known to
those of ordinary skill in the art) does not lend itself to
such multiple head use. In general, with a tuned coil
concept detector head, once the coil is tuned it will stay
tuned until some form of metallic material affects the
coil and the coil becomes detuned which causes a volt-
age rise in secondary coils thereof. Such a voltage rise is
indicative of the presence of metallic material within
the field of the detector head. One particular short-com-
ing or disadvantage in attempting to apply the tuned
coil technology to multiple detector heads is that each
detector head would necessarily have to be tuned to a
different frequency in order to avoid interference with
adjacent detector heads. If eight heads were used in a
single detection system, then a relatively large band-
width would be required.

Hence, such prior technology in general is undesir-
able for (or in some cases practically incapable of use in)
multiple head metal detector systems.

SUMMARY OF THE INVENTION

The present invention recognizes and addresses vari-
ous drawbacks in prior metal detector devices and sys-
tems, such as those shortcomings mentioned above and
others. Accordingly, it is one general object of the pres-
ent invention to provide an improved metal detector
device. It is a more particular object of the present
invention to provide such an improved device which
may in alternative embodiments be practiced in a multi-
ple head configuration, for providing an induction-type
metal detection system for scanning relatively large
areas at a time. -

It is another general object of the present invention to
provide an improved metal detector, for use in single or
multiple head embodiments, having in particular an
improved planar detector head with a specific configu-
ration for the primary and secondary coils thereof.

It is yet another object of the present invention to
provide an improved multiple head metal detector sys-
tem for replacement of single head metal detectors,
particularly whenever relatively larger scanning areas
are involved. It is a more particular object of the present
invention to provide such a improved multiple head
metal detector system which avoids operational inter-
ference among the multiple heads thereof. It is a further
particular object to provide such an improved multiple
head detection system which possesses a desired level of
sensitivity to scanned metallic objects while enabling
considerable reduction in time and money costs by in-
creased scanning rates due to the increase scanning area
thereof.

While various features in accordance with the present
invention may be collected in different alternative com-
binations to provide given embodiments of this inven-
tion, particular exemplary embodiments of the present
invention are disclosed herewith. For example, one
such exemplary embodiment concerns an induction-
type metal detector apparatus, comprising a primary
coil; transmit circuit means connected to the primary
coil for controllably outputting electromagnetic radia-
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tion therethrough; a plurality of secondary coils, dis-
posed within the vicinity of such primary coil, and
having voltages induced therein by electromagnetic
radiation from such primary coil; receive circuit means,
connected to the secondary coils, for detecting differ-
ences between voltage levels induced in the secondary
coils and a predetermined reference voltage level, such
difference being due to and indicative of the presence of
metallic objects in the vicinity of the apparatus; and
support means for supporting the primary coil and the
secondary coils substantially in a common plane with all
secondary coils being disposed within the periphery of
the primary coil, and in a mutually non-overlapping
configuration.

The transmit circuit means of such exemplary metal
detector apparatus may alternatively further particu-
larly comprise an excitation voltage source providing
an excitation voltage; an oscillator signal source provid-
ing an oscillator signal; and modulation means for mod-
ulating the excitation voltage with the oscillation rate
from such oscillator signal to provide a modulated drive
signal for driving the primary coil.

Receive circuit means of such exemplary metal detec-
tor apparatus may also alternatively further particularly
comprise amplifier means for amplifying voltages in-
duced in the secondary coils; rectifier means for rectify-
ing such amplified voltages from the amplifier means;
comparator means, including a predetermined reference
voltage level associated therewith, for comparing such
reference voltage level with such amplified, rectified
voltage levels from the rectifier means based on voltage
levels induced in the secondary coils; and driver means,
operatively associated with the comparator means, for
outputting at least one sensing signal indicative of volt-
age level differences detected by the comparator means
exceeding a predetermined amount, the sensing signal
further being indicative of variations in the voltage
level induced in the secondary coils relative a constant
output level of the primary coil due to the interfering
presence of metallic objects around the fields between
the primary coil and the secondary coils.

Yet another exemplary construction comprising an
embodiment in accordance with the present invention
concerns a multi-head metal detector device comprising
an array. of plural transmit-sense heads, each head hav-
ing respective transmit and sense winding portions;
transmit circuit means for controllably pulsing respec-
tive transmit winding portions for each of such heads;
sensing circuit means for obtaining, processing, and
outputting signals from the sense winding portions of
each respective head induced therein by their respec-
tive transmit winding portions; and comparator circuit
means for comparing the signals output from the sens-
ing circuit means for each of the respective heads with
a predetermined reference signal, and for indicating
differences of a predetermined amount therebetween,
which differences are caused by the presence of metal
objects within the vicinity of each respective head re-
sulting in partial disruption of transmissions between a
given transmit winding portion and its respective head
sense winding portion; wherein each of the heads is
substantially planar, and has the transmit winding por-
tion thereof generally about its periphery, with the
sense winding portion thereof within such periphery;
and wherein such sense winding portion includes at
least four respective sensing windings disposed in a
mutually non-overlapping configuration within the
plane of their respective head.
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Still another exemplary embodiment of this invention
is directed to a multi-coil, multi-head puise induction
metal detection system, comprising generally non-met-
allic support structure for supporting an array of a plu-
rality of substantially planar detector heads in co-planar
alignment, each such detector head having a primary
coil disposed within its plane and about the periphery
thereof for transmitting signals therefrom upon being
pulsed, and a plurality of secondary coils also disposed
within its plane for receiving signals transmitted from
its respective primary coil, such secondary coils being
symmetrically supported about the center of their re-
spective detector head axially inward from its periphery
and without overlapping one another; sequential trans-
mit means for sequentially pulsing the primary coil of
each respective detector head in discrete pulse time
periods so that there is no overlap of pulse time periods
for the respective heads; and secondary coil sensor
means, operatively associated with the detector heads,
for indicating differences between signals received by
secondary coils of each respective detector head and a
predetermined reference signal, such differences indi-
cating the presence of metallic objects relatively near
such detection head; wherein the co-planar alignment of
the detector heads is generaily in a 1Xn array of such
heads, with n being the number of such heads, whereby
in general a relatively large area may be scanned at a
given time across the n width of said array.

Numerous modifications and variations to presently
disclosed features and characteristics of the present
invention will be apparent to those of ordinary skill in
the art. Such modifications may also include the substi-
tution of functional equivalents or the like for the spe-
cific structures and features illustrated and discussed, as
well as the reversal of various such features. All such
modifications and variations are intended to come
within the spirit and scope of the present invention by
virtue of present reference thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present inven-
tion, including the best mode thereof, is set forth below
in conjunction with reference to the accompanying
drawings, in which:

FIG. 1 illustrates an exemplary multi-head metal
detector system in accordance with the present inven-
tion, being carried on a powered vehicle for movement
therewith;

FIGS. 2 and 3 illustrate a partial-cut-away perspec-
tive view and a top elevational view, respectively, of a
single detector head in accordance with the present
invention, such as illustrated in multiple use in embodi-
ment of present FIG. 1; and

FIG. 4 illustrates in block diagram exemplary cir-
cuitry in accordance with the present invention for
operation with the detector head coils, all as discussed
in greater detail hereafter.

Repeat use of like reference characters throughout
the present specification and accompanying drawings is
intended to represent same or analogous features or
elements of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In general, the present invention may be practiced in
single head or multiple head configurations, and within
or without a liquid environment. However, the pres-
ently preferred exemplary embodiment include a one by
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eight array of eight detector heads or transmit-sense
heads in accordance with the present invention, in co-
planar arrangement. FIG. 1 illustrates such a preferred
array 10 of a plurality of detector heads 12 supported on
a preferably non-metallic support structure or means 14.
Such support structure is in turn mounted on a driven or
powered vehicle, such as the submersible 16, for move-
ment therewith. Alternatively, of course, array 10
would be supported from a surface vehicle (with cables
or the like), or used on land wit various land vehicles. In
any event, in general, the electronics of FIG. 4 (dis-
cussed below) are shielded from any water contact
though primary or secondary coils of a detector head
can generally tolerate some water contact.

Present FIG. 1 is intended as a generalized represen-
tation of various arrays, preferably all coplanar arrange-
ments, of plural detector heads in an integral detector
system in accordance with the present invention.
Though a one by eight array is illustrated, other num-
bers of detector heads may be used in a one by n (n
being the number of detector heads) configuration, or
other arrangements having both multiple rows and
columns. All such embodiments in accordance with the
present invention provide relatively improved (i.e. en-
larged) scanning areas through provision of multiple
heads.

Further in conjunction with various sequencing
means operations for each respective detector head 12
(discussed in greater detail below), adjacent such detec-
tor heads preferably are slightly separated by at least six
inches or the like. Such configuration, as well as such
sequenced operation, generally prevents any interfer-
ence of metallic object detection sensing between adja-
cent detector heads. Of course, particular side separa-
tions less than six inches, or even greater than six inches,
may be practiced, depending on the precise details of a
given embodiment in accordance with the present in-
vention.

If in a given prior art detector a detector head thereof
comprised a square measuring only 3 foot on each side,
then only 9 square feet could be scanned at a time.
However, if each detector head 12 of the one by eight
array of present FIG. 1 comprises a square measuring
approximately 3 feet on each side, then the cumulative
scanning area square footage of such a metal detector
system in accordance with the present invention would
be 72 square feet (8 times greater than the prior art
single detector head system).

Whether a single head or multiple head embodiment
is practiced, each transmit-sensing head (i.e. detector
head) thereof preferably includes primary and second-
ary coil structure as represented by present FIGS. 2 and
3. FIG. 2, in general, illustrates a perspective view of a
detector head 12 (solid line illustration) variously at-
tached to support structure runners 14 (dotted line), also
adapted for simultaneously supporting additional detec-
tor heads 12’ (dotted line) in co-planar alignment with
planar detector head 12. FIG. 3 also illustrates a side or
plan elevational view of detector head 12 of present
FIG. 2.

In the presently preferred exemplary embodiment,
the primary and secondary coils of a detector head 12
are supported in generally non-metallic support struc-
ture 20 comprising a planar member which is preferably
square. Though the present invention may be practiced
within or without a water environment, preferably plas-
tic materials such as PVC pipe 22 is generally used, with
various wiring and coils received in a water-tight seal
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therewithin (see FIG. 2). Alternative preferably non-
metallic materials may be used for such support struc-
ture, as well as alternative structural configurations so
that actual tubing is not required. In other words, some
alternative structure may be utilized in which various
coils of each detector head 12 are not encased within
tubing or the like.

. In general, the present invention utilizes a primary or
transmit coil 24 which is received about the periphery
of planar, square detector head 12. Primary coil 24 is in
the present exemplary embodiment a square which
traverses the entire periphery of detector 12, and is
connected for current flow along such periphery in a
selected direction such as represented by arrows 26 (see
FIG. 3). Connection for providing drive signals from a
transmit circuit means or the like (discussed below with
referénce to FIG. 4) may be made through a connecting
element 28 via wiring 30. Wiring 30 enters the periph-
ery of detector head 12 through connecting element 28,
and traverses such periphery within the PVC piping
forming such periphery. ‘

Secondary or receiving coils are also associated with
each detector head 12 in the plane thereof. Such coils
have voltages induced therein by their respective pri-
mary coil associated with such detector head, as under-
stood by those of ordinary skill in the art. As repre-
sented by present FIGS. 2 and 3, preferably four sec-
ondary coils 32-38 are provided for each detector head
12. In such configuration, the respective secondary or
receive coils are mutually non-overlapping, while being
symmetrically disposed about the center 40 of detector
head 12, as is the primary coil 24 thereof. However, the
secondary coils are in general preferably received axi-
ally within from the periphery of detector head 12, and
thus within the periphery of its respective primary coil
24.
Separate wiring 42 also entering through connecting
member 28 interconnects receive circuit means with
each of the secondary or receiving coils 32-38. Prefera-
bly, such coils are connected in parallel such that three
of the coils (in this embodiment: coils 32-36) are aiding
primary coil 24 and one of the coils (in this embodiment:
coil 38) is opposing such primary coil. Interconnection
at central point 40 further connected with wiring 42
through central elements 44 and 46 of support structure
20 provides for such parallel connections.

Arrows 48-54 (FIG. 3) represent the abovemen-
tioned parallel connections wherein three coils (32-36)
aid primary coil 2 (see arrows 26 thereof), while one
coil (coil 38) opposes the direction arrows 26 of primary
coil 24. Such a connection scheme for the secondary
receiving coils 32-38 ensures that a signal signature is
established for positively indicating the presence of
metal objects within the vicinity of detector head 12. In
other words, different additive and negative voltage
levels result for the respective left and right hand sides
of detector head 12 as metallic objects enter the vicinity
thereof from, for example, top to bottom.

Of course, in general, during operation of a detector
system incorporating one or more of detector heads 12,
the detector system itself is moved together with a
powered vehicle (such as submersible 16 of present
FIG. 1) for obtaining relative motion between detector
heads 12 and metallic objects to be detected.

The sensitivity of a metal detector system in accor-
dance with the present invention may be varied through
different methods. For configurations similar to FIG. 1
(i.e. a 1 X8 array), a three inch by three inch metallic
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box may be detected for example 17 inches from the
front of a transmit-sense head 12, and a 7X 12 inch box
may be detected up to 24 inches away from such head,
where each primary coil has 25 turns of AWG 18 wire,
and each secondary coil has 50 turns each of AWG 26
wire. In general, decreasing the coil windings ratio
increases the sensitivity of the resulting metal detection
system (i.e. the better the match between transmit and
sense coils, the greater the sensitivity of the system).
Altering coil gauges also affects’ sensitivity.

Referring to FIG. 4, block diagram representations of
specific exemplary circuitry are illustrated for exciting
or driving a primary coil 24 and for obtaining signals
from its respective secondary coil or coils 100.

In general, a transmit circuit means is connected to a
primary coil 24 for controllably outputting electromag-
netic radiation 102 therethrough, for inducing a voltage
level in secondary coils 100. Such transmit circuit
means may be provided in various alternative embodi-
ments, but preferably includes an excitation voltage
source 104 for providing an excitation voltage 106 to a
modulation means 108. Modulation means 108 may
comprise a relay such as a solid state relay which
switches on and off at an oscillation rate established by
an oscillation signal 110 generated by an oscillator sig-
nal source 112. In general, additional details of the block
diagram components of FIG. 4 need not be recited in
detail, since various alternatives therefor are well un-
derstood by those of ordinary skill in the art, and may
be alternatively practiced within the spirit and scope of
the present invention as selected by such persons.

Such transmit circuit means including voltage source
104, modulation means 108, and oscillator signal source
112 may be provided for each primary coil 24 (i.e., for
each detector head 12). In those embodiments where a
multiple detector head configuration is used, an alterna-
tive sequencing means 114 may also be provided for
controlling a plurality of such transmit circuit means, or
instead a single such transmit circuit means, for sequen-
tially driving each detector head 12 in the multiple head
configuration during respective pulse time periods.
With use of the sequencing means, each primary coil is
sequentially pulsed with a modulated drive signal 115
from either a common or its respective modulation
means for a period preferably in a range from about 250
Hertz to about 500 Hertz. The modulation means 108 is
modulated at a rate established by oscillator signal 110,
preferably having an oscillator rate for example of
about 250 Hertz. Thus, during its discrete pulse time
period (which periods do not overlap for the respective
detector heads under control of the sequencing means
114) the primary coil 24 is pulsed with a positive voltage
preferably about every 2 to 4 milliseconds. Sequencing
means 114 in effect controls application of modulated
drive signal 115 (from whatever modulation means
source: single or plural) to a selected primary coil 24 for
a given detector head 12. .

The level of the excitation voltage in the output of the
modulation means or relay 108 is controlled so as to
generate a fairly constant output level from primary coil
24. Since the physical relationship between primary coil
24 and its respective secondary coil or coils 100 is estab-
lished by the support structure discussed above with
reference to FIGS. 1-3, a particular induced voltage
level in the respective secondary coils may be expected.
The presence of metallic objects within the fields gener-
ated and existing in connection with such coils may be
said to disrupt, disturb, or otherwise affect the voltage

10

20

25

30

35

40

45

50

55

60

8

level induced in such secondary coils, as is understood
and well known by those of ordinary skill in the art.
Such detected disturbances or differences in induced
voltage levels (compared to a reference) may be ob-
tained and processed as indications of metallic objects
within the vicinity of a given detector head.

In general, the circuitry operatively connected to
secondary coils 100 in present FIG. 4 comprises receive
circuit means for detecting differences between voltage
levels induced in such secondary coils (from the elec-
tromagnetic radiation transmitted by their respective
primary coil 24), and a predetermined reference voltage
level established by means 116.

In particular, the induced voltage levels 18 are pro-
cessed and amplified in an operational amplifier 120,
such amplified voltage levels being recitifed within
rectifier 122. The amplified, rectified voltage levels
output by rectifier 122 as obtained from voltage levels
induced in secondary coils 100 are fed via line 124 to a
comparator 126 and a differential amplifier 128, both of
which receive the above-mentioned predetermined ref-
erence voltage from reference voltage source 116.

The predetermined reference voltage is preferably in
a range of about 2 to 15 volts, as is the DC voltage
obtained from rectifier 122 for comparison sake. Fur-
thermore, such predetermined reference voltage is se-
lected in conjunction with the expected induced voltage
level which would result in secondary coils 100 absent
any interference or disruption from metallic objects in
and around the vicinity of a given detector head 12.
Therefore, any differences between such reference volt-
age and the DC voltage on line 124 may be detected by
either comparator 126 or differential amplifier 128 for
indicating the presence of such metallic objects.

Differential amplifier 128 is capable of directly driv-
ing a strip chart recorder 1390 for a hard copy record of
metallic object indication sensings. Alternatively, com-
parator 126 generally outputs a sensing signal 132 which
in turn is received by a driver means 134 capable of
driving at least one and possibly more indicator devices
136 and 138. A plurality of indicator devices is repre-
sented, with the understanding that various audible or
visual signals for human perception, or even signals
automatically triggering various automatic control sys-
tems, may be used, all without limitation to the present
invention. :

Comparator 126 and differential amplifier 128 may be
variously adjusted for desired sensitivity levels. For
example, the above-mentioned metallic object sensitivi-
ties my be achieved with the practice of the present
invention with detected differences of several milli-
volts, such as for example at least 2 to 5 millivolts, trig-
gering the output by comparator 126 of sensing signal
132 (with comparable operation by differential ampli-
fier 128).

Those of ordinary skill in the art will understand that
a plurality of receive circuit means may be provided for
use with various alternative embodiments of the present
invention depending generally on the number of detec-
tor heads utilized with each such embodiment. With
respect to such various embodiments, it is further un-
derstood by those of ordinary skill in the art that differ-
ent dimensions may be assigned to the generally square
primary and secondary coils represented in present
FIGS. 2 and 3.

In one preferred exemplary embodiment, relatively
square primary coil 24 may be provided in approxi-
mately 3 feet by 3 feet construction, with each second-
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ary coil 32-38 comprising an approximate -1 foot by 1
foot square coil construction. With such a construction,
with each detector head comprising an approximate 3
foot by 3 foot section, a cumulative 72 square foot area
may be scanned with an 8 head configuration, such as
represented by present FIG. 1. Of course, alternative
dimensions may be practiced in accordance with the
present invention, so long as the secondary coils gener-
ally remain co-planar with the primary coil and axially
inward from the periphery thereof in a mutually non-
overlapping configuration.

Those of ordinary skill in the art will recognize nu-
merous other modifications and variations which may
be practiced in accordance with the present invention.
For example, various alternative voltage levels and
oscillator rates may be practiced. Moreover, alternative
circuitry arrangements may be utilized for transmit
circuit and receive circuit functions in conjunction with
the primary/secondary coil configurations illustrated
herewith. In any event, those of ordinary skill in the art
will recognize that advantages flow from the use of
such primary/secondary coil configurations, whether in
single head or multiple head constructions.

Yet other variations may be practiced by those of
ordinary skill in the art without departing from the
spirit and scope of the present invention. For example,
the PVC pipe illustrated in present FIGS. 2 and 3 need
not be water tight when used in underwater embodi-
ments, though such feature is generally preferred.
Transmit and receive circuit means may be received
(water-tight) on support structure 14, or situated rela-
tively remove therefrom on or within the powered
vehicle 16. Also, the 1X 8 planar array of present FIG.
1 may be modified for different “n” number of detector
heads, or for other arrays such as 2X 8, 4 X8, or 4 X6, ail
with various separation between adjacent detector
heads.

In any event, those of ordinary skill in the art will
appreciate that the foregoing specification describes
exemplary embodiments of the present invention by
using language of description and example only and not
language of limitation, which is found only in the ap-
pended claims.

What is claimed is:

1. An induction-type metal detector apparatus, com-
prising:

a primary coil;

transmit circuit means connected to said primary coil
for controllably outputting electromagnetic radia-
tion therethrough;

a plurality of secondary coils, disposed within the
vicinity of said primary coil, and having voltages
induced therein by electromagnetic radiation from
said primary coil;

means for establishing a predetermined reference
voltage level;

receive circuit means, connected to said secondary
coils, for detecting differences between voltage
levels induced in said secondary coils and said
predetermined reference voltage level, which dif-
ference is due to and indicative of the presence of
metallic objects in the vicinity of said apparatus
because such presence affects said electromagnetic
radiation; and

support means for supporting said primary coil and
said secondary coils substantially in a common
plane with all secondary coils being disposed

5

—

5

20

25

45

50

55

60

10
within the periphery of said primary coil, and in a
mutually non-overlapping configuration.

2."An apparatus as in claim 1, wherein said transmit
circuit means includes:

an excitation voltage source providing an excitation

voltage;

an oscillator signal source providing an oscillator

signal; and

modulation means for modulating said excitation

voltage with the oscillation rate from said oscilla-
tor signal to provide a modulated drive signal for
driving said primary coil.

3. An apparatus as in claim 2, wherein:

said modulation means comprises a solid state relay

device which switches on and off at said oscillation
rate of said oscillator signal; and
said oscillator signal has an oscillation rate of about
250 Hertz;

whereby said modulation means pulses said primary
coil with a positive voltage about every two milli-
seconds.

4. An apparatus as in claim 1, wherein said receive
circuit means includes:

amplifier means for amplifying voltages induced in

said secondary coils;

rectifier means for rectifying such amplified voltages

from said amplifier means;

comparator means, associated with said means for

establishing a predetermined reference voltage
level, for comparing such reference voltage level
with such amplified, rectified voltage levels from
said rectifier means based on voltage levels induced
in said secondary coils; and

driver means, operatively associated with said com-

parator means, for outputting at least one sensing
signal indicative of voltage level differences de-
tected by said comparator means exceeding a pre-
determined amount, said sensing signal further
being indicative of variations.in the voltage level
induced in said secondary coils relative a constant
output level of said primary coil due to the interfer-
ing presence of metallic objects around the fields
between said primary coil and said secondary coils.
5. An apparatus as in claim 4, wherein:
said amplifier means includes operational amplifiers
for amplifying induced voltage levels up to at least
several volts; and

said predetermined amount of voltage level differ-

ences is at least in a range of from about 2 millivolts
to about 5 millivolts.

6. An apparatus as in claim 5, further comprising
differential amplifier means, responsive to said ampli-
fied, rectified voltage levels from said rectifier means
based on voltage levels induced in said secondary coils
and to said predetermine reference voltage level, for
driving a strip chart recorder to provide a hard copy
output of metallic object sensing indications.

7. An apparatus as in claim 1, wherein:

said coil comprises a planar loop about the periphery

of said apparatus and symmetrical to the center
thereof; and

said plurality of secondary coils comprise substan-

tially equi-sized planar coils disposed within the
periphery of said apparatus and symmetrical about
the center thereof.

8. An apparatus as in claim 1, wherein said support
means comprises an elongated, non-metallic structure
for co-planar support of a plurality of primary/second-
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ary coil combinations, whereby metal detector opera-
tions are achieved over a relatively enlarged area.

9. An apparatus as in claim 8, further including syn-
chronizing means for causing sequential operation of
modulation means for respective primary/secondary
coil combinations to prevent interference therebetween,
such combinations also being at least slightly separated
from one another edge-to-edge to further prevent inter-
ference.

10. A multi-head metal detector device, comprising:

an array of plural transmit-sense heads, each head

having respective transmit and sense winding por-
tions;

transmit circuit means for controllably pulsing at

different times respective transmit winding por-
tions for each of said heads;
sensing circuit means for obtaining, processing, and
outputting signals from the sense winding portions
of each respective head induced therein by their
respective transmit winding portions; and

comparator circuit means for comparing said signals
output from said sensing circuit means for each of
said respective heads with a predetermined refer-
ence signal, and for indicating differences of a pre-
determined amount therebetween, which differ-
ences are caused by the presence of metal objects
within the vicinity of each respective head result-
ing in partial disruption of transmissions between a
given transmit winding portion and its respective
head sense winding portion;

wherein each of said heads is substantially planar, and

has said transmit winding portion thereof generally
about its periphery, with said sense winding por-
tion thereof within said periphery; and wherein
said sense winding portion includes at least four
respective sensing windings disposed in a mutually
non-overlapping configuration within the plane of
their respective head.

11. A metal detector device as in claim 10, wherein:

said transmit winding portions each comprise a

square primary coil situated generally about the
periphery of its respective head; and

said sense winding portions each comprise four

square secondary coils symmetrically disposed
about the center of their respective transmit-sense
head, with their sides aligned in parallel with adja-
cent sides of said square primary coil, said four
secondary coils being connected in parallel such
that three of the coils are aiding said primary coil
and the one remaining secondary coil is opposing
said primary coil, such wiring pattern establishing
an induced signal signature for indicating the pres-
ence of metal within the vicinity of said transmit-
sense head.

12. A metal detector device as in claim 11, wherein:

said primary coil is approximately 36 inches square

and has 25 turns of AWG 18 wire; and

said secondary coils are each approximately 12 inches

'square and have 50 turns each of AWG 26 wire;
and wherein

said metal detector device includes an array of 8 of

said transmit-sense heads.

13. A metal detector device as in claim 10, wherein:

said signals output from said sensing circuit means

and said predetermined reference signal are in a
range from about 2 volts to about 15 volts;
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said predetermined amount of differences indicated
by said comparator circuit means is at least about 2
millivolts; and ’
said transmit-sense heads are approximately 3 feet
square, with adjacent transmit-sense heads in said
array being separated by a predetermined amount
of approximately 6 inches.

14. A multi-coil, multi-head pulse induction metal
detection system, comprising:

generally non-metallic support structure for support-

ing an array of a plurality of substantiaily planar
detector heads in co-planar alignment, each such
detector head having a primary coil disposed
within its plane and about the periphery thereof for
transmitting signals therefrom upon being pulsed,
and a plurality of secondary coils also disposed
within its plane for receiving signals transmitted
from its respective primary coil, said secondary
coils being symmetrically supported about the cen-
ter of their respective detector head axially inward
from its periphery-and without overlapping one
another;

sequential transmit means for sequentially pulsing the

primary coil of each respective detector head in
discrete pulse time periods so that there is no over-
lap of pulse time periods for the respective heads;
and

secondary coil sensor means, operatively associated

with said detector heads, for indicating differences
between signals received by secondary coils of
each respective detector head and a predetermined
reference signal, such differences indicating the
presence of metallic objects relatively near such
detection head;

wherein said co-planar alignment of said detector

heads is generally in a 1Xn array of such heads,
with n being the number of such heads, whereby in
general a relatively large area may be scanned at a
given time across the n width of said array.

15. A metal detection system as in claim 14, wherein
said ‘support structure comprises plastic materials,
adapted for being supported on a powered vehicle for
movement therewith. .

16. A metal detection system as in claim 15, wherein
said plastic materials comprise a plurality of intercon-
nected PVC pipes with substantially water-tight seals,
with said primary coil and secondary coils being dis-
posed within such pipes.

17. A metal detection system as in claim 14, wherein:

said sequential transmit means pulses primary coils

with modulated signals of about 250 to 500 Hertz in
discrete time periods lasting generally in a range
from about 2 to 4 milliseconds; and

said detector heads are spaced in said array with

respective lateral separation preferably of at least
about 6 inches between adjacent heads;

whereby operation of said sequential transmit means

and said lateral separation between said heads con-
tribute to preventing operational interference be-
tween adjacent such heads, so that relatively larger
scanning areas may be obtained with said multi-
head metal detection system.

18. A metal detection system as in claim 14, wherein:

said secondary coil sensor means includes a plurality

of sensing circuit means and paired respective com-
parator circuit means, one respective pair of such
circuit means being operatively associated with

" each respective detector head for separately pro-

~
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viding metallic object presence indications for each th?{nhixslaid primary coil so as to be received there-
w1 .
such head; 19. A metal detection system as in claim 14, wherein

said primary coil for each detector head comprises a  said n number of detector heads equals 8, with each
substantially square configuration; and 5 detector head comprising an approximately 3 foot by 3
. . ; foot substantially square configuration, for a total of a
said secondary coils for each detector head comprise 72 square foot scanning area for such 8 heads.
*

substantially square configurations of smaller size * ¥ X #
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