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METAL/MINERAL DETECTOR WITH RECEIVED SIGNAL SAMPLING

Field of Invention

The present invention relates to the field of
detectors for use in detecting metal and/or other mineral
values. Specifically, the present invention relates to
metal detectors. More specifically, the present invention
relates to metal detectors with coiled search heads or

Sensor means.

Prior Art

Metal detectors heretobefore comprise coiled search
heads for sensing or detecting the presence of metals of a
particular type. Typically, a quadrature phase detector
circuit and an auto balance circuit, in combination, are
used to analyse the heads RF output to reduce noise levels.
The quadrature phase circuit "looks" at half the RF output
waveform, a full 180 degree cycle of the coil waveform. If
noise is present in this 180 degree cycle, it is passed on
through the detectors circuitry. The reference source or
clock means for the phase detector invariably comprises a
standard R-C oscillator circuit means.
Terms used throughout this document

Herein ’'sample & hold’ is referred to as ’'S/H’, and
refers to the type or function of circuitry.
Object of the Invention

An object of the present invention is to provide a
metal detector in which noise present on the coil(s) signal
is reduced or alleviated.

- A further object of the present invention is to
eliminate the need for an auto-balance circuit in a metal
detector.

Still a further object of the present invention is
to alleviate at least one of the disadvantages of prior art
metal detectors.

Summary of Invention
The present invention provides a detector for the

detection of metal or mineral values having transmission
means for generating a signal, receiving means for receiving
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a returned signal and detection means for analysing the
returned signal to determine whether said returned signal
has been influenced by a mineral or metal in proximity to
said detector, the improvement comprising a sampling means
adapted to present a portion only of said returned signal to
said detection means. . '

The present invention also provides a detector
including the above improvement.

The metal or mineral value detector of the present
invention includes a sampling means to reduce noise detected
by the detector of the present invention. The sampling
means is preferably a S/H means, switch means or a clock
means, or a S/H and clock means in combination. The
sampling means samples the coil voltage for a short portion
of its cycle. Preferably, the coil voltage is sampled for 5
to 10% of its cycle, however this may vary dependent on the
detectors application.

The sensor means is preferably adapted to be
adjustable for the detection of various minerals or metals

“to the exclusion of others. However, multiple detections

and analysis is hereby contemplated.

The present invention may also provide one or more
low pass filter networks to improve noise reduction.

The present invention may reduce noise levels by
keeping the residual "out of balance" voltage low.

The detector of the present invention may provide
a further feature of adjustability of the clock means so
that interference by another detector is alleviated. The
detector, when operated in close proximity with another
detector, may include adjustable clock means which can be
locked and remain relatively fixed, e.q. digitally, to avoid
or alleviate interference. A crystal oscillator may
provide a stable oscillator for the clock means.

A preferred invention embodiment of the present
invention will now be described with reference to the
accompanying drawings, wherein:

Figure 1 shows a detector including a sample & hold
means for sampling the signal provided by the sensor, and
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presently the sampled single (a portion of the sensor
signal) for analysis and output.

Figure 2 shows a detector including a sample & hold
means and clock means. ‘

Figure 3 shows a detector including a clock means.

Figure 4 shows a preferred metal detector in
accordance with the present invention in block diagram form.

Figure 5 shows a preferred S/H circuit for use with
the present invention.

With reference to the figures, the metal or mineral
detector includes a sensor means, which comprises a coiled
search aperture, having at least two, preferably three coils
therein. A single coil search head can be constructed using
the present invention. The coil can be switched between a
signal transmit mode and signal receive mode, after which
the received signal can be analysed in accordance with the
present invention. However, hereinafter, the description of
the preferred embodiment will be made in relation to a metal
detector comprising a three coiled search head or aperature
(one transmitter coil and two receiver coils coupled in
differential relationship), without limiting the scope of
the present invention.

With reference to figures 1, 2 and 3, the first
coil or centre coil thereof is driven by a first frequency,
preferably a high frequency sine wave, and the other two
outer coils of the preferred three coil aperture, are wound
and connected so as to produce a net zero output voltage
when no metal or other element is juxtaposed to or within
the aperture.

When a metal or other element is positioned
juxtaposed or within the aperture, the field generated by
the first coil is disturbed and thereby alters the signal
induced to the other outer coil. An induced output will
appear across the other coil which is approximately
sinusoidal, proportionate to the first coil signal, and at
substantially the same frequency as the first coil signal or
drive signal. Dependent upon the nature or type of metal
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or element within or juxtaposed the aperture, the phase
relationship between the drive signal and the other coil(s)
output may vary by about +/- 90 degrees.

The sampling means preferably in the form of a S/H
means of the present invention as shown in figures 1 and 5,
provides a means of converting the first frequency,
preferably full cycle frequency, into a second or lower
sampled potential by means of sampling the first frequency.
As the second frequency is produced as a result of a
relatively small or reduced sample of the first frequency,
the probability or amount of noise possible in the second
frequency is greatly reduced. The sampling means can take
many different forms, as would be known to a skilled person.
Basically, the sampling means samples the first frequency
(signal produced by the search head). The sample is taken
on the basis of a one or more "looks" or an instantaneous
sample of the first frequency per cycle. This sample is
then further processed by the detector of the present
invention in order to indicate the presence (or absence) of
a desired mineral or metal. 1In a preferred form, the S/H
circuit samples 5 to 10 per cent of the search head signal.
More or less of a sample can be taken dependent on the
application of detection, and the desired (or tolerable)
output noise level. The second frequency potential
represents the substanfially instantaneous voltage at any
one or a series of point(s) in time with reference to the
first coil drive or centre coil frequency. The second
frequency may then be substantially amplified, and/or
analysed and via a comparator, produce an output, preferably
digital, that provides an indication of a detected state
(e.g. the required type of mineral).

With reference to figure 4, in particular, the
residual or disturbed signal from the search head 41 is
amplified by amplifier 42. As a mineral is introduced into
or juxtaposed the aperture in head 41, the amplitude and
phase of the signal generated will depend on the nature of
the mineral. The detector is capable of distinguishing
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between various effects so that an output is given should
the phase of the signal be within certain limits but not
given if it lies within other limits.

To achieve this, the signal may be first passed
through a low pass filter (not shown) to remove frequency
components higher than the primary drive frequency, then
passed through a high pass filter (not shown) to remove
power line associated interference.

The resultant signal is now ready for the sampling
means in the form of a sample & hold circuit 43. Figure 5
shows a preferred form of S/H circuit which include a
sampling switch means 50, and a hold capacitor 51 and
(optionally) a buffer amplifier 52 and may further include
resistive means 54, high frequency reduction means (not
shown), low pass filter means (not shown) and/or other
conventionally affilliated circuitry. The sampling means
can also take the form of a simple switching means (above).
In that case, an analogue switch or FET can "pass" (sample)
a small portion of the first frequency for analysis by the
retaining circuitry to indicate a desired mineral or metal.
Many forms of apparatus and methods are known to the skilled
person for sampling a signal. The present disclosure
incorporates these alternatives. The switch means may take
the form of an analogue switch which is normally in a high
impedance state and switches to its’ low impedance condition
for a short period when an enabling signal is applied to the
gate 55 [substantially somewhere between 20 to 40 degrees of
the fundamental operating frequency] to sample the first
frequency. The instantaneous or sampled voltage level
present at the output of the sample switch of the S/H means
is the applied (maybe via R3) to the hold capacitor 51.

The voltage across capacitor 51 becomes equal to the
instantaneous voltage at the input when the sample switch is
enabled. Thus, a quiescent voltage is achieved which is
representative of a metal free condition in or about the
search aperture. '
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When mineral or metal is introduced into or
juxtaposed the aperture, a signal is generated in the coil
which is then impressed on the input of the sample & hold
circuit 43. The voltage across the hold capacitor 51 will
change accordingly giving an output proportional to the
amount of the required mineral present in or about the
apertﬁre.

Should a mineral be passed through the search head
that is considered "normal" and is not to be detected, no
output will result. However, the mineral will produce a
signal across the coil which will then appear at the input
of the sample & hold circuit 43. To counter an output being
given for a "normal" mineral, adjustment of the input
requirement for the S/H may now be contemplated such that a
trigger or level is registered, or flagged for a wanted or
required metal or mineral.

A point in the cycle will exist that shows zero or
almost zero change when the mineral or metal is passed
through the aperture. A sample pulse when position at this
point will allow the output to have almost no change when
the material passes through the head. However, when a
mineral passes through the aperture, a signal of different
phase will be generated which produces an output into the
buffer amplifier 52.

With reference to figure 5, a crystal oscillator 49
may provide timing reference so that any change or variation
of timing will be alleviated, thereby avoiding a reduction
in the performance of the detector.

A hybrid 50 MHz crystal oscillator may provide the
stable reference frequency. Dividers 48 and 46 may be used
to divide the reference frequency allowing separate bands of
operation. The centre coil drive signal may be prdduced by
dividing the reference frequency. A first divider may have
its preset inputs switched and a second divider may have its
inputs fixed or preset. '

The counter counts up from the preset input to its
maximum count at which time the output gates may load the

”»
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counters with preset inputs. The cycle may repeat at twice
the coil drive frequency. The counter output may be
buffered.

A sample & hold drive may be generated in a similar
manner but with counter’s inputs being switchable. (A switch
may be labelled the phase switch).

The preset inputs may be loaded by a signal which
may be the output described previously, after it has been
divided by 2. This may allow the counter to count up only
during the positive half cycles of the coil drive. The
output of the two counters is conventionally a substantially
square wave of equal mark-space ratio which may be taken to
a dual monostable vibrator. The resultant pulse may be used
to co-operate with the sample & hold circuit 43.

The centre or first coil drive signal may be
derived via an output from a counter and inputted to a dual
monostable vibrator. One section thereof may produce a
pulse time from the positive going transition of the input,
the other section thereof may produce a pulse timed from the
negative going transition of the input. The resultant
pulse(s), spaced 180 degrees apart, may be used to drive
bases of a transistor push-pull output stage 47. An output
transformer may be tuned to the coil drive frequency thereby
producing a sinusoidal waveform to be fed to the sensor
coil(s).

The other or outer coil signal may be derived via
the output of the coil taken to the primary of a
transformer. Common mode signals may thereby be greatly
reduced and the difference signal may be increased by the
turns ratio of the transformer. The secondary of the
transformer may be tuned to the coil drive frequency to
reduce spurious signals at other frequencies. A
differential wideband amplifier 42 may amplify the
difference signal and this signal may then be filtered by a
low pass filter (not shown) and may be capacitively coupled
or otherwise into the sample & hold circuit 43 by a
capacitive and/or resistive network.
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The sample & hold circuit 43 may comprise a CMOS
analogue switch as the sampling switch 50 and a hold 7
capacitor 51. A resistor 54 may reduce the high frequency
response of the system alleviating most of the switch
transients. The sample & hold drive enabling signal can be
applied to gate 55.

The output of the sample & hold circuit may then be
buffered 52 and amplified 44. The amplifier stage(s) may be
AC coupled, with or without feedback, to reduce the
bandwidth. The output may be capacitively or otherwise
coupled into a comparator and pulse circuit 45. '

A comparator and pulse output circuit 45 may
comprise the following. Attenuation by an auxiliary
sensitivity switch and/or a sensitivity switch may provide
control over the signal level into the comparator 45. The
comparator may be connected so that one section has a
positive reference voltage and the other section has a
negative reference voltage. The input may be taken to the
output of the sensitivity switch and the output(s) may be

‘ORED. The comparator may give a negative output whenever

the input signal exceeds either a given positive or negative
value. The pulse output may then be processeed by either a

manually reset bi-stable multivibrator or a monostable

multivibrator, the output of which may drive either a relay,
timer or other system.

A light bar display circuit 40 may be coupled to
the amplifier 44 and comprise the following. The analogue
input to the comparator circuit may be capacitively or
otherwise éoupled and full wave rectified to provide a
unipolar signal into the input of a display driver, e.g.
LED. Signals from within the individual rectifier loops may
operate to either enable one side or the other of the light
bar dispiay. The indications provided by the light bar
display may greatly facilitate setting up the detector by
showing the level of the analogue signal with virtually no
delay or time constant.

"

i
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It is also contemplated within the scope of the
present invention to provide a detector adapted to provide a
device able to detect a spectrum of minerals or metals.
Multi-coiled or multiple search heads can be provided on a
detector, each of which is adjustable or tuned to detect
minerals or metals of a particular type; so, two coils or
search heads can detect two minerals. Each coil or search
head can provide a signal which is indicative of a disturbed
or interrupted field, and the detector can sample the
signals (via the sampling means) and the further process of
the signals. The display indication of minerals or metals
detected can be formulated to show a spectrum of detections,
somewhat similar to a conventional spectrum analyser output.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. In a detector for the detection of metal or mineral
values having transmission means for generating a signal for
transmission, receiving means for receiving a returned
signal and detection means for analysing the returned signal
_to determine whether the return signal has been influenced
by a mineral or metal in proximity to said detector, the
improvement comprising a sampling means adapted to present a
portion only of said returned signal to said detection
means.

2. An improvement as claimed in claim 1, whérein the
sampling means samples less than 40% of the returned signal.

3. An improvement as claimed in claim 1 or 2, wherein
the sampling means comprises a switch.

4. An improvement as claimed in claim 1, 2 or 3,
wherein the sampling means further comprises capacitive
means coupled to the switch to form a sample and hold means.

5. An improvement as claimed in any one of claims 1 to
4, wherein the sampling means samples less than 10% of the
returned signal.

6. A detector including the improvement as claimed in
any one of claims 1 to 5.
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7. A detector for detecting metal or mineral values

comprising:

transmission means for generating a signal for
transmission,

receiving means for receiving a returned signal,

detection means for analysing whether the returned
signal has been influenced by a mineral or metal value in
proximity to the detector, and

sampling means for sampling a portion only of the
returned signal, the portion being for analysis by said

detection means.
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