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(54) Method for operating of a metal detection system and metal detection system

(57) A method for operating of a metal detection sys-
tem (1) that comprises a balanced coil system with a
transmitter coil (4) that is connected to a transmitter unit
(3), which generates transmitter signals having an trans-
mitter frequency that is selected from a group of at least
two transmitter frequencies, and with a first and a second
receiver coil (6, 7) that provide output signals to the signal
input of at least one amplifier unit (14, 15) included in a
receiver unit (5), which output signals compensate each

other so that the system is in balance, characterized in
that a control unit (16) generates a control signal accord-
ing to the transmitter frequency of the transmitter unit (3)
and that is provided to the control input of at least one
controllable impedance unit (12, 13), which is coupled to
the signal input of the at least one amplifier unit (14, 15),
wherein the control signal is controlling the impedance
value of the controllable impedance unit (12, 13) in such
a way that the impedance value is increased or lowered
when the transmitter frequency is increased or lowered.
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Description

[0001] The present invention relates to a method for
operating of a metal detection system and to a metal
detection system operating according to this method.
[0002] In the industry where machinery is involved in
the production of goods, there is always a probability that
a piece of metal, such as a screw or a bolt, does break
away from the machinery, and finally ends up in the proc-
essed product. Therefore metal detection systems are
used at various stages of a production process to detect
products that are contaminated by metal. Metal detection
systems are also often used for inspecting finished prod-
uct, in order to ensure consumers’ safety and quality
standards.
[0003] Most modern metal detection systems utilise a
search head comprising a "balanced coil system" that
comprises three coils, one transmitter coil and two re-
ceiver coils that are aligned in parallel. During the inspec-
tion process, the product, typically transported on a con-
veyor belt, is passed through the coils of the "balanced
coil system". In the transmitter coil, which is placed be-
tween the receiver coils, flows an electrical current that
generates an alternating magnetic field that induces an
electrical signal in the two receiver coils. The receiver
coils are positioned symmetrically to the transmitter coil,
so that identical signals are induced in both receiver coils
when no product is present in the "balanced coils sys-
tem". In addition, the receiver coils are coupled together
in such a manner that the signals induced therein are
subtracted from each other. In that way, when no product
is present in the balanced coil system, there is a zero
signal at the output of the receiver coils. However, a piece
of magnetically and/or electrically conductive material,
that passes through the balanced coil system, will disturb
the magnetic field and will cause modifications of the
electrical signal that is induced in the receiver coils.
These perturbations occur first in the first receiver coil
and then in the second receiver coil, when the product
approaches it. As a result an electrical signal with a spe-
cific phase and amplitude will appear at the output of the
receiver coils, when the product passes through the "bal-
anced coil system". Each magnetic and/or conductive
material passing through the metal detection system cre-
ates a different signal, according to its conductivity, its
magnetic permeability, its shape, its size and its orienta-
tion relative to the receiver coils.
[0004] To detect the presence of metal in the product,
the signals induced in the receiver coils are processed
in the receiver stage that typically comprises an input
amplifier. In a further stage the processed signals are
analysed in phase and amplitude in order to detect metal
contamination. Finally, the results are displayed on a user
interface and/or signalled to the control system.
[0005] Various types of metals that are used in ma-
chinery, including ferrous (iron), non-ferrous (e.g. cop-
per, aluminum, brass) and various types of stainless
steel, may appear as contaminant in a processed prod-

uct. If such a metal has a high magnetic permeability,
like ferrite, it will primarily be reactive, that means that its
signal phase will be close to zero, while a metal with a
low magnetic permeability will primarily be resistive and
have a signal phase close to 90 degrees relative to the
phase of the transmitter signal. Ferrous metals are easily
detectable because of their small phase difference with
the transmitter signal. Contaminant materials with a high
conductivity can easily be detected if the inspected prod-
uct is dry. On the other hand, non-ferrous metals and
particularly stainless steel are difficult to detect in wet
products since their phase is similar to the product phase.
[0006] However, not every metal passing through a
metal detection system is a contaminant, since it could
be part of the product packaging. During inspection, the
product is often in its final state and already packed. It
can be wrapped in a metallised film, typically a plastic
film coated with aluminium. This electrically conductive
metal of the product packaging creates a signal in the
metal detection system that must not be confused with
a signal caused by a metal contaminant. Hence in order
to detect a contaminated product, it is required that the
metal detection system is capable of distinguishing be-
tween signals originating from packaging material and
signals originating from metal contaminants.
[0007] Further, not all disturbances of the magnetic
field of the receiver coils are caused by products and
metal contaminants travelling through the "balanced coil
system". Vibrations of a conductive material near the bal-
anced coil system also cause signal changes in the re-
ceiver coils that need to be distinguished from signals
caused by contaminated products. Signals caused by
vibrations are primarily in phase with the transmitter sig-
nal.
[0008] Food products like cheese, fresh meat, warm
bread, jam and pickles, are generally electrically conduc-
tive if they contain water, salt or acid. Therefore, such
products travelling through the balanced coil system also
disturb the magnetic fields, thus causing a signal at the
output of the receiver coils. In order to avoid a false re-
jection of a product, the product signal needs to be com-
pensated or eliminated.
[0009] Hence, for a reliable product inspection, signals
caused by vibrations, the product and the packaging
have to be eliminated so that only signals are considered
that are caused by metal contaminants. However, it has
been found that the phase and the magnitude of the sig-
nals caused by the product and the metal contaminants
depend on the applied transmitter frequency.
[0010] In known systems the transmitter frequency is
therefore selectable in such a way that the phase of the
signal components of the metal contaminants will be out
of phase with the product signal component.
[0011] US5994897A for example discloses an appa-
ratus that is capable of switching between at least two
different transmitter frequencies such that any metal par-
ticle in a product will be subject to scanning at different
frequencies. The frequency of operation is rapidly
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changed so that any metal particle passing through on a
conveyor belt will be scanned at two or more different
frequencies. In the event that for a first transmitter fre-
quency the signal component caused by a metal particle
is close to the phase of the signal component of the prod-
uct and thus is masked, then it is assumed that for a
second frequency, the phase of the signal component
caused by the metal particle will differ from the phase of
the signal component of the product so that this signal
components can be distinguished. By switching between
many frequencies, it is expected that one frequency will
provide a suitable sensitivity for any particular metal type,
size and orientation.
[0012] However, metal detection systems that operate
at different frequencies typically have a lower sensitivity
than systems that are tuned to a single frequency.
[0013] Hence, although signals of metal contaminants
may be obtained with a desirable phase, the detection
of these signals may still fail due to the low sensitivity of
the metal detection system.
[0014] The present invention is therefore based on the
object of providing an improved method for operating a
metal detection system that uses two or more transmitter
frequencies as well as on the object of providing a metal
detection system operating according to this method.
[0015] Particularly, the present invention is based on
the object of providing a method that allows detecting
metal contaminants, particularly stainless steel contam-
inants, with high sensitivity, while signals caused by the
product, the packaging, vibrations or other potential dis-
turbances are suppressed or eliminated.
[0016] More particularly, the present invention is
based on the object of providing an improved method for
a metal detection system that allows the selection of nu-
merous transmitter frequencies, preferably with small
steps in the range from a few kHz to 1 MHz, or that gen-
erates square wave signals that comprise a large number
of harmonics, for which signals with a desirable phase
can be obtained for the metal contaminants.
[0017] The above and other objects of the present in-
vention are achieved with an improved method for oper-
ating a metal detection system as defined in claim 1 and
with a metal detection system operating according to this
method as defined in claim 8.
[0018] The metal detection system comprises a bal-
anced coil system with a transmitter coil and a first and
a second receiver coil. The transmitter coil is connected
to a transmitter unit, which generates transmitter signals
having a transmitter frequency that is selected from a
group of at least two transmitter frequencies. The first
and the second receiver coil, that are coupled to each
other, provide output signals to the signal input of at least
one amplifier unit provided in a receiver unit. Due to the
symmetrical arrangement of the receiver coils with re-
spect to the transmitter coil and due to the inverse sense
of winding the signals induced in the receiver coils com-
pensate one another in the absence of an external influ-
ence, such as a product, with or without contamination,

or other disturbances such as vibrations. In this balanced
state the combined output signal of the receiver coils is
zero.
[0019] According to the invention, a control unit pro-
vides a control signal, which depends on the transmitter
frequency of the transmitter unit, to the control input of
at least one controllable impedance unit. This controlla-
ble impedance unit is coupled to the signal input of the
at least one amplifier unit, wherein the control signal is
controlling the impedance value of the controllable im-
pedance unit in such a way that the impedance value is
increased or lowered according to the selected transmit-
ter frequency.
[0020] By suitably varying the input impedance applied
to the input of the amplifier in accordance with the se-
lected transmitter frequency, the sensitivity of the metal
detection system to contaminant metals is significantly
improved. At the same time a phase angle of signals
originating from metalized film of packaging materials is
kept close to 90° at any time.
[0021] In a preferred embodiment of the present inven-
tion, the receiver coils are coupled directly to the input of
the amplifier unit via the controllable impedance unit. In
another embodiment, the receiver coils are coupled to
the primary windings of an input transformer, whose sec-
ondary windings are coupled via the controllable imped-
ance unit to the input of the amplifier unit. The input trans-
former is used to isolate the amplifier unit galvanically
from the receiver coils. Further, with a fixed or variable
transmission ratio, a desirable voltage level of the input
signal can be set.
[0022] In a preferred embodiment the receiver coils
are connected with one tail to each other and with the
other tail to the respective tails of two identical center-
tapped primary windings of a balanced transformer. The
balanced input transformer has two identical center-
tapped secondary windings, whose opposite tails are
connected to the input of the amplifier via the controllable
impedance unit.
[0023] In a further embodiment of the invention, the
controllable impedance unit comprises a transistor or a
relay. The transistor can be employed as a switch to con-
nect and disconnect a resistance to or from the input
impedance amplifier circuit. In alternative embodiments
a relay can be connected in parallel or in series with a
resistor to vary the resistance value of the controllable
impedance unit.
[0024] Preferably a low input impedance value is se-
lected for low transmitter frequencies and a higher im-
pedance value is selected for higher transmitter frequen-
cies. With transmitter frequencies in the range 1 kHz to
300 kHz an input impedance in the range between 10
Ohm and 100 Ohm, most preferably close to 20 Ohm
such as 22 Ohm, allows setting the phase of the signal
originating from metallised film of the packaging material
to about 90°. For transmitter frequencies above 300 kHz,
a low input impedance would unfavourably affect the sen-
sitivity of metal contaminants signals. Therefore by in-
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creasing the input impedance value, the cut-off frequency
of the low-pass filter formed by the head coil and the
controllable impedance unit is also increased, and the
gain at the required frequency is preserved. This can be
realized with the selection of the input impedance above
100 Ohm, most preferably close to 300 Ohm, such as
330 Ohm.
[0025] In a second basic aspect of the invention, the
output signal of the receiver coils is amplified and then
filtered by means of a variable filter unit comprising at
least one filter, whose centre frequency and filter band-
width are adapted to the selected transmitter frequency,
which represents a carrier signal which has been mod-
ulated by the signals of the product and the metal con-
taminants.
[0026] Applying filters to the selected transmitter fre-
quencies, i.e. carrier frequencies, leads to a further sig-
nificant improvement of the sensitivity of the metal de-
tection system.
[0027] Especially at frequencies below 300 kHz, where
known metal detection system typically had a poor sen-
sitivity and an unfavorable phase response of the signals
derived from packaging metal film, the inventive solution
provides significant advantages. The appropriate band-
pass filters favorably allow restoring the phase of the sig-
nals derived from metallised film of packaging material
to 90 degrees. Especially with a transmitter signal fre-
quency of 100 kHz, a filter with a cut-off frequency of 200
kHz, and for transmitter signal frequency of 200 kHz and
300 kHz a filter with a cut-off frequency of 400 kHz can
achieve most favorable results, that means that it brings
the phase of the signals derived from metallised film of
packaging material very close to 90 degrees.
[0028] With a band-pass filter, favorably a low-pass
filter, the content of harmonic frequencies of the receiver
signal can be removed, the signals within the bandwidth
are amplified, and the phase of signals derived from pack-
aging metal film can be corrected close to 90 degrees.
Consequently this signal can be suppressed easily. The
applied band-pass filters improve the phase performance
of signals derived from packaging metal film at all fre-
quencies, but the combination of the band-pass filter and
a low impedance value of the controllable impedance
unit provide even better results at frequencies below 300
kHz.
[0029] In a preferred embodiment, dedicated circuits
are used to amplify each signal with a different gain that
depends on that signal phase relative to the phase of the
transmitter signal phase. With this measure, an improve-
ment of the sensitivity of the metal detection system par-
ticularly to stainless steel materials and a reduction of
the sensitivity to disturbing vibrations can be achieved.
[0030] With the above methods that can advanta-
geously be used independently or in combination, signals
that originate from metallised film of packaging materials
can be reduced while signals originating from metal con-
taminants can be detected with higher sensitivity.
[0031] The inventive measures allow the selected

transmitter frequency of the received signal to pass to
the phase sensitive detectors, while signals resulting
from harmonic distortion are suppressed.
[0032] For a more accurate phase correction, the input
amplifier unit comprises more than two selectable imped-
ance values. The filter can be made with a Butterworth,
Chebyshev, Bessel, Cauer filter or other low-pass filters
and can be of a first or higher order. Each filter has a
different cut-off frequency and it is preferably applied by
means of a switch, e.g. a multiplexer, that is controlled
in accordance with the selected transmitter frequency,
so that the applied filter removes the harmonic content
from the receiver signal. With a transmitter frequency
above 300 kHz, the signal of metallised film packaging
can be obtained with a phase close to 90 degrees, which
means that it can easily be suppressed.
[0033] To correct the phase of the signals derived from
metallised film packaging, a low-pass filter is applied in
the signal path between the amplifier unit that receives
the input signal from the receiver coils and the phase
sensitive detector. The applied filter improves the phase
of the signals derived from metallised film packaging at
all transmitter frequencies, and reduces harmonic fre-
quencies at transmitter frequencies below 300 kHz.
[0034] Advantageously the low-pass filters are fifth or-
der Butterworth filters that have a maximally flat ampli-
tude response. Selecting a fifth order filter allows obtain-
ing a clearer pass-over between pass-band and stop-
band.
[0035] According to another aspect of the invention,
the input amplifier comprises a bipolar cascode amplifier
circuit coupled with a differential amplifier. A cascode am-
plifier is stable, and has furthermore a high and linear
gain, independently of the present frequency. Preferably,
the amplifier is a differential amplifier comprising two am-
plifier units that amplify the signals present at the two
opposite tails of the secondary windings of the input
transformer.
[0036] The control unit preferably comprises a
processing unit with a computer program that is designed
to select the settings of the controllable impedance unit
and/or settings of the variable filter according to the in-
ventive method. This settings can be selected from a
table provided in the control unit, containing at least a set
of transmitter frequencies and corresponding settings for
the at least one variable impedance unit and/or corre-
sponding settings for the variable filter unit.
[0037] Some of the objects and advantages of the
present invention have been stated, others will appear
when the following description is considered together
with the accompanying drawings, in which:

Fig. 1 shows a basic block diagram of an inventive
metal detection system in a preferred embodi-
ment;

Fig. 2 shows a more detailed block diagram of a metal
detection system and in particular of the receiv-
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er unit;

Fig. 3 shows a schematic diagram of controllable im-
pedance unit;

Fig. 4 shows a schematic diagram of a bipolar cas-
code amplifier;

Fig. 5 shows a schematic diagram of a differential am-
plifier;

Fig. 6 shows a block diagram of the variable filter unit;
and

Fig. 7 shows a schematic diagram of a filter unit.

[0038] Figure 1 shows a block diagram of an inventive
metal detection system 1 that essentially comprises a
transmitter unit 3, a balanced coil system 4, 6, 7, a re-
ceiver unit 5 and a signal processing unit.
[0039] The balanced coil system comprises a trans-
mitter coil 4 and two receiver coils 6, 7 wound on a non-
metallic frame, each exactly parallel with the others. The
center coil is the transmitter coil 4, which is placed exactly
equidistant from the identical receiver coils 6, 7. The
transmitter unit 3 generates a high frequency electric cur-
rent that circulates through the transmitter coil 4. The
current flowing through the transmitter coil 4 generates
a magnetic field, which induces identical currents in the
neighboring receiver coils 6, 7. The receiver coils 6, 7
are connected in opposition, i.e. both windings are wound
in inverse directions, so that the currents induced in the
receiver coils 6, 7 flow in opposite directions, and thus
cancel out one another when no conductive or magnetic
object moves through the balanced coil system.
[0040] The products 2 to be inspected are transferred
through the balanced coil system one after the other, for
example on a conveyor belt. In the event that a product
2 containing a metal contaminant is moving through the
balanced coil system, this metal contaminant disturbs
the magnetic field first near the first receiver coil 6, and
then near the second receiver coil 7, thus individually
changing the signals induced in the first and in the second
receiver coil 6, 7. The asymmetric changes in the signals
induced in the receiver coils 6, 7 are in the magnitude of
nano-volts. Hence, in order to detect the metal contam-
inants a high sensitivity is required. In the present inven-
tion, the receiver unit 5 is accordingly dedicated to the
amplification and processing of such signals in order to
detect even small sized metal contaminants of various
sorts.
[0041] The metal detection system shown in Figure 2
comprises a transmitter unit 3 that provides a transmitter
signal to the transmitter coil 4 of the balanced coil system.
The first and the second receiver coil 6, 7 of the balanced
coil system are connected to the primary windings of a
balanced input transformer 11. The secondary windings
of the balanced input transformer 11 are connected via

a controllable impedance unit 12 to an input of an ampli-
fier unit 14. The output of the amplifier unit 14 is connect-
ed to a variable filter unit 17 that can be adapted to the
selected transmitter frequency, i.e. the modulated carrier
frequency. The filtered carrier signal is forwarded to a
phase sensitive detector 18 that provides the demodu-
lated baseband signal via filter unit 19 to a gain unit 20.
The resulting signal is forwarded to an analogue to digital
converter 21 that provides a digitized signal to a signal
processor. In order to control the described processes
and to operate the system the metal detection system
further comprises a control unit 16, which is connected
to a computer terminal 22.
[0042] The transmitter unit 3 is providing a transmitter
signal with a selectable transmitter frequency, preferably
in the range of a few kHz to 1 MHz to the transmitter coil
4 of the balanced coil system. Further the transmitter unit
3 provides a reference signal with the transmitter fre-
quency to the receiver unit 18 for demodulation purposes.
[0043] The receiver coils 6, 7 are connected to the
center-tapped primary windings of the balanced input
transformer 11 that mirror the receiver coils 6, 7. Further
the balanced input transformer 11 comprises two identi-
cal center-tapped secondary windings that are connect-
ed to a controllable impedance unit 12.
[0044] The controllable impedance unit 12 applies a
variable impedance value to the input of the amplifier unit
14. The impedance value of the controllable impedance
unit 12 represents the input resistance of the amplifier
unit 14 and defines in that way the gain of the amplifier
unit 14. The receiver signal amplified by the amplifier unit
14 in accordance with the setting of the controllable im-
pedance unit is provided to a variable filter unit 17 that
removes the harmonic content of the amplified receiver
signal.
[0045] The control unit 16, provides a first control sig-
nal to the transmitter unit 3 for selecting the transmitter
frequency, a second control signal to the controllable im-
pedance unit 12 for selecting the impedance value ac-
cording to the selected transmitter frequency and a third
control signal to the filter unit 17 for selecting the filter
characteristics according to the selected transmitter fre-
quency or a carrier frequency.
[0046] Hence, depending on the selected transmitter
frequency, a suitable impedance value for the controlla-
ble impedance unit 12 is selected. The variable filter unit
17 may be designed in various ways. Preferably the var-
iable filter unit 17 comprises a number of filter entities
that are dedicated to the number of selectable transmitter
frequencies (see Figure 6). The filter units are preferably
designed as band-pass filters or low-pass filters that al-
low the carrier signal to pass through to the next module
of the signal processing chain. Hence, the filter entity of
the variable filter unit 17 is selected corresponding to the
transmitter frequency with the control signal received
from the control unit 16.
[0047] The output signal of the variable filter unit 17 is
provided to a phase sensitive detector 18 that demodu-
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lates the transmitter signal and the amplified and filtered
receiver signal. At it outputs, it provides the in-phase and
the quadrature components of the demodulated receiver
signal, relative to the demodulated transmitter operating
signal.
[0048] The output signals of the phase sensitive de-
tector 18 are forwarded to a further filter unit 19 that allows
the desired signals to pass through a gain unit 20 that
allows setting the amplitudes of the processed signals to
a desired value. Subsequently the filtered and calibrated
signals are converted by an analogue to digital converter
21 from analogue to digital form. The output signals of
the analogue to digital converter 21 are forwarded to a
signal processor that may be located in the control unit
16. The signal processor is programmed in such a way
that the received signals are processed, analysed and
evaluated in order to suppress unwanted signals and to
detect signals originating from metal contaminants. The
resulting data are then forwarded from the signal proc-
essor and the control unit 16, to a computer terminal 22
attached thereto. Figure 3 shows a schematic diagram
of a preferred embodiment of the input stage of the re-
ceiver unit that comprises two controllable impedance
units 12, 13 that are each connected on the input side to
a terminal of the center tapped secondary winding of the
balanced input transformer 11, and on the output side to
the related input amplifier 14, 15. The centre tap of the
secondary winding is connected to ground.
[0049] Each of the controllable impedance units 12, 13
comprises a fixed first resistor R1, R2 that is connected,
with one end to the related terminal of the secondary
winding and to the input of the related amplifier 14, 15,
and with the other end to ground. Each of the controllable
impedance units 12, 13 further comprises a second re-
sistor R3, R4 that is connected on one side to the related
terminal of the secondary winding and on the other side
to a switch S1, preferably a relay or a transistor, that, if
actuated, connects the second resistor R3, R4 to ground.
[0050] The relay S1 is controlled by the second control
signal that is generated by the control unit 16 in accord-
ance with the selected transmitter frequency. By switch-
ing the relay S1, the first and second resistor R1, R2, R3,
R4 can be connected in parallel or can be disconnected
so that the impedance value of the controllable imped-
ance units 12, 13 varies accordingly. Consequently the
input impedance and the gain of the related amplifier unit
14 or 15 vary as well. For a more accurate setting, the
controllable impedance units 12, 13 can comprise more
than two selectable impedance values. Each impedance
unit 12, 13 can comprise resistor banks, with an appro-
priate number of resistors that can be selected individu-
ally or in combination in order to accurately adjust the
impedance values of the controllable impedance units
12, 13.
[0051] Figure 4 shows the receiver unit of Figure 3 with
a preferred embodiment of the amplifier unit 14, 15, with-
out the operational amplifiers provided in a second stage.
[0052] The differential input cascode bipolar amplifier

shown in this preferred embodiment is the first stage of
the amplifier units 14, 15. All the transistors of this sche-
matic are pnp-transistors. The output of each controllable
impedance unit 12 described in Figure 3 is connected to
the base of a related transistor T3 resp. T4, that is con-
nected with the emitter via a resistor R5 resp. R6 to a
constant current source.
[0053] The constant current source comprises a tran-
sistor T5 with a resistor R15 between a power supply
voltage +Vcc and its emitter and two diodes D1 and D2
between the power supply voltage +Vcc and its base,
and a resistor R16 connected between the base and, and
with its collector connected via the resistors R5 resp. R6
to the transistors T3 resp. T4.
[0054] The transistor T3 resp. T4 with the resistors R5
resp. R6 at its emitter is configured as a common emitter
follower. The collector of transistor T3 resp. T4 is con-
nected via a resistor R7 resp. R8 to the emitter of tran-
sistor T1 resp. T2 that is configured like a common base
amplifier. Resistors R11 and R13 resp. 12 and R14 are
connected with one to the base of transistor T1 resp. T2.
and with the other end to end to the negative power supply
voltage -Vcc respectively to ground. The collector of tran-
sistor T1 resp. T2 is connected on the one hand via the
resistor R9 to the negative power supply voltage -Vcc
and on the other hand to the second stage of the amplifier
14 resp. 15, i.e. to the input of the related operational
amplifier Diff.Op amp1 resp. Diff.Op amp2 of the ampli-
fiers 14 or 15.
[0055] Each cascode amplifier forms a differential am-
plifier. The differential amplifier is a symmetrical amplifier
with two inputs and two outputs that amplifies the poten-
tial difference of the outputs of the controllable imped-
ance units. Both cascode amplifiers are connected to a
common current source formed by transistors T5, by di-
odes D1 and D2, so that the sum of their currents remains
constant. The differential amplifier has the capability of
amplifying the differential potential between the two in-
puts independently of the voltage available at the con-
nection with the current source formed by transistor T5.
Due to its output electrically and physically separated
from its input, the output of the cascode amplifier is stable,
has no effect limiting the bandwidth and has furthermore
a high gain.
[0056] Figure 5 shows the receiver unit of Figure 3 with
a preferred embodiment of the second stage of the am-
plifier units 14 and 15 that are connected to the outputs
of the first stage showed on Figure 4.
[0057] The first input of the second stage is connected
to the non-inverting input of an operational amplifier
Op.a3 and via a resistor R24 to ground. The inverting
input of the operational amplifier is connected to its output
via a resistor R25, and to ground via the resistor R23.
[0058] The second input of the second stage is con-
nected to the non-inverting input of an operational am-
plifier Op.a4 and via a resistor R30 to ground. The invert-
ing input of the operational amplifier is connected to its
output via a resistor R31, and to ground via the resistor
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R29.
[0059] The non-inverting input of Op.a5 is connected
to ground via the resistor R34 and the inverting input is
connected to the output of the operational amplifier Op.a5
via the resistor R28.
[0060] The operational amplifiers Op.a3 and Op.a4 are
configured as non-inverting amplifiers. Their outputs are
connected to the non-inverting input of the operational
amplifier Op.a5 via the resistor R33 and to the inverting
input of the operational amplifier Op.a5 via the resistor
R27. They provide to the Op.a5 their input signals am-
plified by a constant factor determined by R23, R24 and
R25, resp. R29, R30, and R31.
[0061] The operational amplifier Op.a5 is configured
as a differential amplifier. Its output provides the differ-
ence between the voltages of the inputs Diff.Op.amp1
and Diff.Op.amp2, multiplied by a constant factor deter-
mined by the values of the resistors R27, R28, R33 and
R34.
[0062] Figure 6 shows the block diagram of a variable
filter unit 16 in a preferred embodiment. It contains six
low-pass filters 23-28. Each of them has a different cut-
off frequency. The amplified receiver signal is forwarded
to the inputs of all six low-pass filters 23-28 that provide
their output signals to a multiplexer 29. The multiplexer
is controlled by the third control signal that is generated
by the control unit 16 in accordance with the selected
transmitter frequency. One of the low pass filters 23-28,
that has an appropriate cut-off frequency, is selected by
the control unit 16 according to the applied transmitter
frequency. The filtered signal is then forwarded from the
output of the multiplexer 29 to the input of the phase
sensitive detector 18.
[0063] Figure 7 illustrates a schematic diagram of a
filter unit 23-28, which preferably is designed as voltage-
controlled voltage source (VCVS)-filters or variations
thereof, such as Sallen-Key filters. Sallen-Key topologies
are used to implement second-order active filters. Imple-
mentations of Sallen-Key filters often use an operational
amplifier configured as a voltage follower; however, emit-
ter or source followers are other common choices for the
buffer amplifier. A Sallen-Key filter is a variation on a
VCVS filter that uses a unity-gain amplifier (i.e., a pure
buffer amplifier with 0 dB gain).
[0064] The filter unit shown in Figure 7 consists of a
fifth order Butterworth low-pass filter made up of one RC-
cell formed by resistors R17, R18 and capacitor C1, fol-
lowed by two second order Sallen-Key circuits.
[0065] The first Sallen-Key circuit comprises a first re-
sistor R19, which is connected to the output of an oper-
ational amplifier Op.a1 via a first capacitor C2 and via a
second resistor R20 to the non-inverting input of opera-
tional amplifier Op.a1 that is connected to ground via a
second capacitor C3. The output of the operational am-
plifier Op.a1 is further connected to the inverting input of
the operational amplifier Op.a1.
[0066] The second Sallen-Key circuit comprises a first
resistor R21, which is connected to the output of an op-

erational amplifier Op.a2 via a first capacitor C4 and via
a second resistor R22 to the non-inverting input of oper-
ational amplifier Op.a2 that is connected to ground via a
second capacitor C5. The output of the operational am-
plifier Op.a2 is further connected to the inverting input of
the operational amplifier Op.a2.
[0067] The first order filter, namely the RC-cell R17,
R18, C1, and the two second order Sallen-Key-Filters
provide in combination the required fifth order filter.

Reference list

[0068]

1 Metal detection system

2 Product

3 Transmitter unit

4 Transmitter coil

5 Receiver unit

6 First receiver coil

7 Second receiver coil

11 Transformer

12 First controllable impedance unit

13 Second controllable impedance unit

14 First amplifier unit

15 Second amplifier unit

16 Control unit

17 Variable filter unit

18 Phase sensitive detector

19 Second filter unit

20 Gain unit

21 Analog to digital converter

22 Computer terminal

23 First filter

24 Second filter

25 Third filter
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26 Fourth filter

27 Fifth filter

28 Sixth filter

29 Second switch

Claims

1. A method for operating of a metal detection system
(1) that comprises a balanced coil system with a
transmitter coil (4) that is connected to a transmitter
unit (3), which generates transmitter signals having
an transmitter frequency that is selected from a
group of at least two transmitter frequencies, and
with a first and a second receiver coil (6, 7) that pro-
vide output signals to the signal input of at least one
amplifier unit (14, 15) included in a receiver unit (5),
which output signals compensate each other so that
the system is in balance, characterized in that a
control unit (16) generates a control signal according
to the transmitter frequency of the transmitter unit
(3) and that is provided to the control input of at least
one controllable impedance unit (12, 13), which is
coupled to the signal input of the at least one amplifier
unit (14, 15), wherein the control signal is controlling
the impedance value of the controllable impedance
unit (12, 13) in such a way that the impedance value
is increased or lowered when the transmitter fre-
quency is increased or lowered.

2. Method of claim 1, characterized in that the receiv-
er coils (6, 7) are connected with one tail to each
other and with the other tail to the respective tails of
two identical center-tapped primary windings of a
balanced transformer (11) having two identical cent-
er-tapped secondary windings whose tails are con-
nected via at least one controllable impedance unit
(12, 13) to at least one amplifier unit (14, 15).

3. Method of claim 1 or 2, characterized in that the at
least one controllable impedance unit (12, 13) com-
prises at least one variable resistor, such as a tran-
sistor, that is controlled by the control signal or that
the at least one controllable impedance unit (12, 13)
comprises at least one switching unit, such as a re-
lay, that is controlled by the control signal and that
connects at least one resistor of a group of at least
two resistors or a combination thereof to the output
terminals of the controllable impedance unit (12, 13).

4. Method of claim 1 to 3, characterized in that

a. the impedance value of the controllable im-
pedance unit (12, 13) is selected between 20
Ohm and 100 Ohm for transmitter frequencies

between 1 kHz and 300 kHz and/or
b. the impedance value of the controllable im-
pedance unit (12, 13) is selected between 200
and 400 ohm for transmitter frequencies be-
tween 300 kHz and 1 MHz

5. Method of claim 1 to 4, characterized in that the
output signal of the at least one amplifier unit (14,
15) is filtered by a variable filter unit (17) having a
selectable bandwidth, preferably comprising at least
one filter device that can be coupled to the to the
signal path by means of a second switching unit, said
bandwidth is selected in accordance with the select-
ed transmitter frequency.

6. Method of claim 1 to 5, characterized in that the
amplifier unit (14, 15) comprises a bipolar transistor
cascode amplifier, the output thereof is coupled to a
differential amplifier.

7. Method of claim 1 to 6, characterized in that the
settings for the at least one variable impedance unit
and/or corresponding settings for the variable filter
unit (17) are selected from a table provided in the
control unit (16), which table contains at least a set
of transmitter frequencies and corresponding set-
tings for the at least one variable impedance unit
and/or corresponding settings for the variable filter
unit (17).

8. Metal detection system (1) comprising a balanced
coil system with a transmitter coil (4) coupled to a
transmitter unit (3), which generates transmitter sig-
nals having an transmitter frequency that is selected
from a group of at least two transmitter frequencies,
and with a first and a second receiver coil (6, 7) that
provide output signals to the signal input of at least
one amplifier unit (14, 15) contained in a receiver
unit (5), which output signals compensate each other
so that the system is in balance, characterized in
that at least one controllable impedance unit (12,
13) is provided that is connected with the signal input
of the at least one amplifier unit (14, 15) and that is
controlled by a control unit (16) that is providing a
control signal to a control input of the controllable
impedance unit (12, 13), which is selectable accord-
ing to the transmitter frequency of the transmitter unit
(3), so that the impedance value of the controllable
impedance unit (12, 13) is increased or lowered
when the transmitter frequency is increased or low-
ered.

9. Metal detection system (1) of claim 8, characterized
in that the receiver coils (6, 7) are connected with
one tail to each other and with the other tail to the
respective tails of two identical center-tapped prima-
ry windings of a balanced transformer (11) having
two identical center-tapped secondary windings
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whose tails are connected via at least one control-
lable impedance unit (12, 13) to at least one amplifier
unit (14, 15).

10. Metal detection system (1) of claim 8 or 9, charac-
terized in that the at least one controllable imped-
ance unit (12, 13) comprises at least one variable
resistor, such as a varistor, that is controllable by the
control signal, or that the at least one controllable
impedance unit (12, 13) comprises a group of at least
two resistors and at least one switching unit, such
as a relay, which is controllable by the control signal
so that the at least one resistor of a group of at least
two resistors or a combination thereof is connectable
to the output terminals of the controllable impedance
unit (12, 13).

11. Metal detection system (1) of one of the claims 8 to
10, characterized in that

a. the impedance value of the controllable im-
pedance unit (12, 13) is selectable in a range
between 20 Ohm and 100 Ohm for transmitter
frequencies between 1 kHz and 300 kHz and/or
b. the impedance value of the controllable im-
pedance unit (12, 13) is selectable in a range
between 200 and 400 ohm for transmitter fre-
quencies between 300 kHz and 1 MHz

12. Metal detection system (1) of one of the claims 8 to
11, characterized in that the signal output of the at
least one amplifier unit (14, 15) is coupled to the sig-
nal input of a variable filter unit (17) that has a se-
lectable bandwidth and preferably is comprising at
least one filter device that can be coupled to the to
the signal path by means of a second switching unit,
and wherein the control unit (16) is providing a control
signal to a control input of the variable filter unit (17)
and the bandwidth is selected in accordance with
the selected transmitter frequency.

13. Metal detection system (1) of one of the claims 8 to
12, characterized in that the amplifier unit (14, 15)
comprises a bipolar transistor cascode amplifier, the
output of which is coupled to a differential amplifier.

14. Metal detection system (1) of one of the claims 8 to
13, characterized in that the control unit (16) is pro-
vided with a table of transmitter frequencies and cor-
responding settings for the at least one controllable
impedance unit and/or corresponding settings for the
variable filter unit (17).
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