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METAL DETECTOR SUMMARY 

10 

and 

CROSS - REFERENCE TO RELATED According to a first aspect of the present invention , there 
APPLICATIONS is provided a method for detecting an electrically conductive 

5 target in soil including the steps of : 
This application claims priority to Australian Provisional generating a transmit signal ; 

Patent Application No . 2013904566 filed Nov . 26 , 2013 , the generating a transmit magnetic field for transmission into 
disclosure of which is hereby incorporated in its entirety by the soil based on the transmit signal ; 
reference . receiving a receive magnetic field ; 

providing a receive signal induced by the receive mag 
TECHNICAL FIELD netic field ; 

processing the receive signal using at least two different 
This invention relates to metal detectors . functions for producing at least two processed signals , each 

of the processed signals is at least partly insensitive to at 
BACKGROUND 15 least one unwanted signal due to the soil or an electromag 

netic interference noise ; 
The general forms of most metal detectors that interrogate determining a noise level of each of the at least two 

soils are either hand - held battery - powered units , conveyor processed signals for producing at least two noise signals ; 
mounted units , or vehicle - mounted units . Examples of hand 
held battery - powered units include detectors used to locate 20 producing , from at least one of the at least two processed 

signals , an indicator output signal indicative of the presence gold , explosive land mines or ordnance , coins , and treasure . of the electrically conductive target when the electrically Examples of conveyor - mounted units include gold detectors conducting target is within the influence of the transmit in ore mining operations , and an example of a vehicle magnetic field ; 
mounted unit includes a unit to locate buried landmines . mines . 25 25 wherein the step of producing an indicator output signal 

These metal detectors usually consist of transmit elec - is dependent upon characteristics of the at least two noise 
tronics generating a repeating transmit signal cycle , of a signals . 
fundamental period , that is applied to an inductor , for According to a second aspect of the present invention , 
example a transmit coil , which transmits a resulting alter - there is provided a metal detector configured to perform the 
nating magnetic field , sometimes referred to as a transmit 30 method of the first aspect . 
magnetic field . According to a third aspect of the present invention , there 

These metal detectors also contain receive electronics that is provided a computer readable medium comprising 
processes a receive signal from a measured receive magnetic instructions for causing a processor to implement the 
field to produce an indicator signal , the indicator output at method of the first aspect . 
least indicating the presence of at least one metal target 3 
within the influence of the transmit magnetic field . BRIEF DESCRIPTION OF DRAWINGS 

Advanced metal detectors often include several operating Embodiments of the present invention will be discussed modes that are selectable by the user . Through selection of 
one of these operating modes , the user can optimise the with reference to the accompanying drawings wherein : 

40 FIG . 1 depicts a functional block diagram of a metal detector for operation with different types of ground , for detector ; finding different types of intended targets , and attenuating FIG . 2 depicts a broad form of the present invention ; the effects of different types of EMI . For example , an FIG . 3 depicts one embodiment of the present invention ; 
operating mode might be suitable for use in an area naving FIG . 4 depicts one way of processing a set of multiple 
one type of ground and to locate a particular type of target 45 target channels : and 
( eg small gold nuggets ) , but less than optimal for detection FIG . 5 depicts another way of processing a set of multiple 
of large gold nuggets in the same type of ground . For another target channels using scaling factors . 
example , an operating mode might be suitable for use in 
areas having magnetic ground but not as suitable for areas DESCRIPTION OF EMBODIMENTS 
having saline ground . Such variability requires that , in order 50 
to optimise the detection or prospecting process , the user FIG . 1 is a block diagram showing a functional block 
should attempt to determine the nature of the ground and diagram 1 of one embodiment of a metal detector . 
decide the types of targets to be sought , then select the best The metal detector includes a sensing head 2 , which 
operating mode , prior to detecting or prospecting . includes a magnetic field transmitter 3 and a magnetic field 

In practice , selection of the best operating mode requires 55 receiver 5 . The magnetic field transmitter 3 receives a 
prior knowledge of the ground , the targets , and also expe transmit signal 13 , which can be a repeating transmit signal 
rience of the user . Further , if the ground is not homogeneous cycle , from transmit electronics 11 to transmit a transmit 
and the type of the ground changes with position within a magnetic field 7 . The magnetic field receiver 5 receives a 
detection zone , it becomes inconvenient for a user to adjust receive magnetic field 9 . 
for the best operating mode . Even if the user somehow 60 The transmitter 3 and the receiver 5 can be separate coils , 
knows the types of ground , it is inconvenient to continually or can be the same coil , within the sensing head 2 . The 
change the operating mode to suit the continually changing transmitter 3 and the receiver 5 can also be in other forms 
ground . and shapes of magnetic field transmitters and receivers 

There is thus a need for an improved method for selecting known to a person skilled in the art . 
the best operating mode , each such mode normally involv - 65 Receive signal 15 generated by the receive magnetic field 
ing a set of one or more corresponding functions for pro - 9 received by the sensing head 2 is synchronously demodu 
cessing a receive signal . lated by one or more demodulators 17 using one or more 

35 
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demodulation functions whose parameters are stored in a linearly increasing or decreasing representation in a resistive 
digital storage medium 16 . The received signal may be magnitude versus log - frequency graph . Teaching of models 
filtered ( not shown ) by a filtering module , or may be for VRM signals and signals due to saline soil can be found 
converted to digital form by Analogue - to - Digital Convertor in AU2011200515 and AU2011200516 . 
( ADC ) prior to the synchronous demodulation . The outputs 5 A synchronous demodulation function for a target channel 
of the one or more demodulators 17 are further processed , by can be , at least , inherently insensitive to a type of the 
a processing unit 10 , to generate an indicator output signal soil / ground signals , but not necessarily insensitive to all 
18 that indicates the presence of a target , if any , within the types of soil signals . It is also correct to say that a synchro 
influence of the transmit magnetic field 7 . Further process - nous demodulation function is inherently ground balanced 
ing may include filtering , averaging and linearly combining 10 as long as it is insensitive to at least a type , if not all , of the 
outputs of the demodulator . The processing unit 10 may soil signals . In practice , further “ ground balance ” is per 
receive instructions from an operator of the metal detector formed either automatically during the operation of a metal 
through input 19 . detector , or manually prior to the operation of the metal 

The data storage medium 16 stores a plurality of synchro - detector , usually by slightly altering a linear combination of 
nous demodulation functions . For a time - domain detector , 15 a target channel and either a ground channel or reactive 
each function defines one or more periods or windows , with channel to reduce spurious soil - related signals in the said 
or without corresponding gain of each of the defined period target channel . The reason for this is that , while the syn 
or window , during which the receive signal is sampled or chronous demodulation function is inherently ground bal 
processed . For a frequency - domain detector , each function anced , other factors including the changes in temperature of 
defines one or more periods or windows , or each function 20 the electronics and soil may affect how well the synchronous 
includes information regarding frequency and phase for demodulation function is balanced to the soil / ground being 
demodulation purposes . The output of each synchronous interrogated . Further , all soil signals include log - linear resis 
demodulation is known as a channel . tive signals / components . If a target channel is produced with 

Depending upon the synchronous demodulation functions a demodulation function that cancels only log - uniform VRM 
and transmit waveform , channels produced have particular 25 signals , variation of the ratio of log - linear resistive VRM 
characteristics . Target channels are those produced with signals to log - uniform resistive VRM signals will cause 
synchronous demodulation functions designed in order that spurious signals in that target channel , possibly masking the 
they are sensitive to mainly resistive components of elec detection of faint target signals . Accordingly , to optimise the 
trically conductive targets . For example , a synchronous performance of a metal detector , further “ ground balance ” is 
demodulation function can be designed such that a corre - 30 often required despite the fact that the synchronous demodu 
sponding channel is responsive to short time constant ( TC ) lation functions for a target channel are inherently insensi 
targets , or a synchronous demodulation function can be tive to the log - uniform ground signal . 
designed such that a corresponding channel is responsive to It may be tempting to design the synchronous demodu 
long TC targets . lation functions for targets channels such that they are 

Reactive channels are those produced with synchronous 35 insensitive to all unwanted soil signals . However , it was 
demodulation functions selected in order that they are found that the greater the number and variety of unwanted 
responsive mainly to reactive components of objects and / or signals being minimised in a channel , the less sensitive to 
ground . Ground channels are those produced with synchro - sought targets that channel becomes . For example , soils , 
nous demodulation functions selected in order that they are having a saline component , respond with a component of the 
responsive to resistive signals from the ground . Here “ reac - 40 receive signal that is similar to major components of signals 
tive ” is associated with energy conservation , and “ resistive ” from metallic objects having high characteristic frequency . 
with energy dissipation . A function created to eliminate the spurious signal compo 

Based on a combination of a number ( which can be zero ) nent due to soil salinity also tends to reduce the signal from 
of target channels , a number ( which can be zero ) of reactive metallic objects of high characteristic frequency . In sce 
channels and a number ( which can be zero ) of ground 45 narios where the saline component is significant , using a 
channels , an output signal can be produced . For example , an function to eliminate the spurious signal component due to 
output signal can be produced based on a linear combination soil salinity , even at the expense of signal from metallic 
of two target channels , one reactive channel and one ground objects having high characteristic frequency , often results in 
channel . For another example , a ratio of two target channels improved signal - to - noise ratios . However , in scenarios 
produces an output signal . Various other combinations of 50 where the saline component is not significant , using such a 
channels can also be used to produce the output signal function would reduce the signal from metallic objects 
As mentioned above , synchronous demodulation func - having high characteristic frequency without reducing the 

tions and the corresponding transmit waveform dictate the overall noise signal from the soil . In this case , a degraded 
characteristics of channels . For target channels , the corre - signal - to - noise ratio would result . 
sponding synchronous demodulation functions are designed 55 Thus , as an example , the synchronous demodulation 
such that they are insensitive to one or more of the unwanted functions for target channels should minimise saline and 
soil / ground signals , for example , salt signals due to saline log - linear resistive VRM only if both soil conditions are 
soil and viscous remnant magnetization ( VRM signals due significantly present , otherwise targets may remain unde 
to viscous superparamagnetic components of magnetic soils . tected due to unnecessarily reduced sensitivity . 
VRM signals can be modeled in various forms or orders . The 60 The following are examples of effects of possible syn 
simplest form is to model VRM signals as resistive , fre - chronous demodulation functions for target channels : 
quency - independent VRM signals , also known as log - uni a . a synchronous demodulation function that produces a 
form resistive VRM signals because of the uniform , constant simple resistive response ( e . g . to maximise a resistive 
representation in a magnitude versus log - frequency graph . signal to electronics noise ratio ) , that uses a reactive 
On top of log - uniform resistive VRM signals , VRM signals 65 channel to “ fine ground balance ” . This is well known 
can further be modeled to include higher order effects , prior art and appears commonly in single frequency 
namely , as log - linear resistive VRM signals , because of the metal detectors ; 
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b . a synchronous demodulation function that produces an best function for the metal detector to use . The present 
approximate null to environmental conductive uniform invention presents a way to enable selection of the best 
half spaces ( such as a sea beach ) , and may use either a synchronous demodulation functions , either automatically , 
reactive or a ground resistive channel for “ fine ground or through interaction with the user . 
balancing " ; 5 In particular , a metal detector in accordance with the 

c . a synchronous demodulation function that is balanced present invention includes a plurality of synchronous 
to log - uniform resistive VRM signals . Such a function demodulation functions , for processing the receive signal to 
will typically be the most sensitive to targets , but produce a plurality of target channels . The different syn 
typically the most sensitive to unwanted signals from chronous demodulation functions have different sensitivities 
the soil , among the functions described below ; 10 to various targets , or different TC ranges , and define which 

d . a synchronous demodulation function that is balanced of the unwanted signals they reject . Examples of unwanted 
to salt signals and log - uniform resistive VRM signals . signals include frequency - independent resistive VRM sig 
For example , such a function will typically produce a nals , frequency - dependent resistive VRM signals , and salt 
channel which is less sensitive to targets than example signals . It should be noted that it is possible for a synchro 
a . , but the channel produced will typically contain less 15 nous demodulation function to be sensitive to just one range , 
soil signal than example a . , especially when the soil is for example , sensitive to only high - frequency , short TC 
saline ; components . It is also possible for a synchronous demodu 

e . a synchronous demodulation function that is balanced lation function to have different relative sensitivities to 
to log - uniform resistive VRM signals and log - linear different ranges of TC , for example , lower sensitivity to 
resistive VRM signals . Such a function will typically 20 shorter TC components and higher sensitivity to longer TC 
produce a channel that is less sensitive to targets than components . 
example a . , but the channel produced will typically Each target channel is examined for noise due to the 
contain less soil signal than example a . , especially ground or EMI noise when the metal detector is swung 
when the VRM signals include significant log - linear during operation . The noise is then processed and , based 
resistive VRM signals ; 25 upon the result , the indicator output signal is produced . 

f . a synchronous demodulation function that is balanced Alternatively , the target channels may be combined , and 
to signals due to saline soil , log - uniform resistive VRM the combination examined for noise due to the ground or 
signals and log - linear resistive VRM signals . Such a EMI noise when the metal detector is swung during opera 
function will typically produce a channel which is less tion . The combination is then altered , based on that noise , in 
sensitive to targets than examples b . and c . , but the 30 such a way that the altered combination is more likely to 
channel produced will typically contain less soil signal produce lower noise due to the ground or EMI noise when 
than examples b . and c . , especially when the soil is the metal detector is swung during operation . This procedure 
salty and the VRM signals include significant log - linear may be iterated until a satisfactory result is obtained . The 
resistive VRM signals ; combination can be a function of the target channels . For 

g . a synchronous demodulation function that is balanced 35 example , the combination may be a linear combination of 
to log - uniform VRM signals , log - linear resistive VRM the target channels , or a linear combination of a subset of the 
signals and log - quadratic resistive VRM signals . Such target channels , or a mathematical function of a subset of the 
a function will typically produce a channel which is target channels containing one of more of the target chan 
less sensitive to targets than example d . , but the channel nels . 
produced will typically contain less soil signal than 40 A broad form of the present invention is depicted 21 in 
example a . , especially when the VRM signals include FIG . 2 . In particular , a metal detector in accordance with this 
significant log - linear and log - quadratic resistive VRM broad form generates a transmit signal 23 , generates a 
signals ; and transmit magnetic field for transmission into the soil based 

h . a synchronous demodulation function with a reduced on the transmit signal 24 , receives a receive magnetic field 
target time constant spectrum for any of the above . 45 25 , and provides a receive signal induced by the receive 
Whilst this reduces sensitivity to some target types , it magnetic field 26 . The metal detector then demodulates the 
has the advantage of reducing some types of soil signal receive signal using at least two different functions for 
( noise ) , and EMI , and this has advantages for when the producing at least two processed signals , each of the pro 
user indicates target time constant range preferences . cessed signals being at least partly insensitive to at least one 

At present , in order to choose the most suitable synchro - 50 unwanted signal due to the soil or an electromagnetic 
nous demodulation functions for target channels , a user interference 27 . A noise level of each of the processed 
needs to investigate the area to be searched , then selects the signals is determined for producing at least two noise signals 
best synchronous demodulation functions from a plurality of 28 and , from at least one of the at least two processed 
functions previously programmed into the metal detector . A signals , an indicator output signal , indicative of the presence 
metal detector may have , for example , a function that 55 of the electrically conductive target when the electrically 
eliminates saline signals , a function which eliminates log - conducting target is within the influence of the transmit 
uniform resistive VRM signals , and a function which elimi magnetic field , is produced . The step of producing an 
nates log - linear resistive VRM signals . The metal detector indicator output signal is dependent upon characteristics of 
may contain other functions which can be used to eliminate the at least two noise signals 29 . 
or reduce other particular spurious signals . At present the 60 The present invention thus enables a metal detector to 
user could try each of the functions sequentially , examine select the best operating mode by selecting the best function 
the noise produced when the metal detector is swung during or set of functions to be used to process the receive signal 
operation , then select the function which is likely to give the based on the continuously monitored noise component of the 
best signal - to - noise ratio taking into account the observed processed receive signal . The function or set of functions 
noise and the sensitivity of the function to metallic objects . 65 can be updated in real - time , automatically . 

The present invention provides an automation of this and In one embodiment , the metal detector suggests to the 
other similar processes of identifying and / or selecting the user which one , or group , of the synchronous demodulation 
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functions is most suitable . It is also possible to select a targets , one would do the opposite by scaling down the 
particular target channel , deemed most suitable , as that to be channels sensitive to fast TC targets . This would , generally , 
used to produce the default output signal . produce the advantage of reducing the noise due to saline 

In one embodiment , a linear combination of one or more soils . 
target channels , one or more reactive channels and one or 5 The selections of the functions , thresholds , scaling fac 
more ground channels produces an output signal , the coef tors , or coefficients of a linear combination , may be based on ficients of the linear combination being based upon the the ratio of the noises or based on a complicated function . 
results of the analysis of the noise examined in the target The choices of values of the thresholds and scaling factors 
channels . that are derived from the measured noise statistics may be 

In one embodiment , changes of the coefficients of the 10 based upon 
linear combination are based on a hysteresis model . a . the sensitivity profiles of the various synchronous 

In one embodiment , a plurality of synchronous demodu demodulation functions , that is , the calculated or mea lation functions are run simultaneously to produce n chan sured Signal - to - Noise Ratio ( S / N ) versus target TC ; 
nels , where n can be a number from 2 to many . Each channel b . the measured noise , including soil signals and possibly is automatically ground balanced during operation of the 15 EMI , of each channel ; and detector . Alternatively , it is possible to have all channels c . the types of targets one is seeking , e . g . fast TC manually ground balanced simultaneously before operation . landmines rather than typically longer TC iron junk , or It is also possible to have some channels ground balanced all TCs as in gold prospecting . automatically and others manually . This is useful when some FIG . 3 depicts one embodiment of the present invention . 
channels are noisy enough to make automatic ground bal - 20 In this embodiment 31 . receive signal 15 is fed to a number 
anced necessary . For channels that are quiet , manual ground of synchronous demodulators 17a , 17b . . . 17n , each 
balance is better , as automatic ground balance can unnec processes receive signal 15 using a different synchronous 
essarily reduce the sensitivity of quiet channels . After the demodulation function ( not shown ) to produce a plurality of initial ground balancing , the output of each channel is target channels 18a , 18b . . . 18n . In practice , a minimum of 
examined for ground noise and statistics of the noise in each 25 two different functions are required to process the receive 
channel are recorded . These are used to determine the likely signal 15 to produce two different target channels . Reactive 
maximum noise that is not a target signal . The EMI noise channels and ground channels may also be produced con 
may be examined in a similar manner . The selection of currently , but are not shown in the figure . The number of 
which one or more synchronous demodulation functions to ground channels produced simultaneously is often , but not 
be used , based on the noise statistics , may include any one , 30 necessarily , smaller than the number of target channels , as is 
or a combination , of the selection procedures below : the number of reactive channels . 

a . fully automatic selection by the metal detector , without The target channels 18a , 18b . . . 18n are fed to processor any input from the operator ; 35 . They are also fed to noise level detector 33a , 33b . . . 33n , 
b . suggestion by the metal detector to the operator which respectively . Each noise detector determines the noise level one or more synchronous demodulation functions to 35 of the respective target channel The determined noise levels of the respective target channel . The determined noise levels 

select ; 34a , 34b . . . 34n of each target channel are then fed to 
c . a set of one or more selected synchronous demodulation processor 35 . Based on the determined noise levels 34a , 

functions , with any function that is excluded from that 34b . . . 34n , target channels 18a , 18b . . . 18n are processed 
set contributing to the output signal only when its set contributing to the output signal only when its to produce indicator output signal 18 . 
corresponding absolute output value exceeds a thresh - 40 FIG . 4 depicts one such method 41 of processing the 
old determined from the noise statistics ; and target channels 18a , 18b . . . 18n and the determined noise d . linearly combining the absolute values of the outputs of levels 34a , 34b . . . 34n within processor 35 . As shown , a 
synchronous demodulation , including the noisier chan computational unit 43 within the processor 35 determines 
nels , of only those channels whose absolute values that noise 34f is the least of the individually measured noise 
exceed a threshold determined from the noise statistics . 45 34a . 345 . 34n and , accordingly , emits the target channel 

In a simple form of one embodiment , the noise of each 8f , which is one of 18a , 18b . . . 18n , for further processing target channel is measured , then the quietest channel is on the path to producing the indicator output . 
selected for production of the output indication . For each of The computational unit 43 also produces a modified 
those target channels that remains unselected , a threshold channel 
level is determined from the noise of the channel , such that 50 
the noise of each channel is unlikely to exceed the respective 
threshold . The threshold values for these channels , besides | | 18a - Tal when [ 189 ] > Ta 
the quietest channel , may or may not be the same value . For 180 = 0 when 18a < Ta the quietest channel , the threshold is set to zero . In this 
arrangement , the biggest instantaneous signal that exceeds 55 
its threshold is fed to the output . In another embodiment , the where 
user may indicate a range of target time constant to be aE1 , 2 , . . . n ; 
preferably detected or not to be detected , and the selection Ta = Threshold of 18a 
process is biased accordingly . If , for example , the output , produced by computational unit 

In one form , an output signal will be produced only when 60 43 , of 18 , is then used as the indicator output signal 18 . 
the threshold is exceeded or reached . Alternatively , it is In a more elaborate form , the process by which the level 
possible to produce an output signal continuously based on of the output indicator is determined could involve a series 
one or more of the target channels . of steps , including digitisation of the output of the receive 

In another form , channels that are specifically more preamplifier , with a number of channels produced by a 
sensitive to fast TC targets are scaled up compared to 65 number of digital synchronous demodulations of the output 
channels that are less sensitive when fast TC targets are of the preamplifier , or equivalent synchronous demodulation 
sought . Similarly , if one does not want to detect fast TC of the output of the receive preamplifier , followed by digi 
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tisation of the produced channels , both systems producing a partially processed signals to provide at least two 
number of ground balanced target channels . The noise , modified processed signals ; and selecting that modified 
including residual ground noise , of each resultant target processed signal having the largest magnitude as the 
channels is measured over some period , perhaps with some indicator output signal ; 
means of determining when the coil is being moved over the 5 b . determining at least two scaling factors , each based on 
surface of ground so as to ensure that the measurements at least one of the at least two noise signals ; determin 
taken include any residual noise from the ground . ing at least two threshold values , each based on at least 

The channel , Ca , having the lowest measured noise , N? , one of the at least two noise signals ; subtracting each of 
is selected as having its threshold set to zero , making it the the at least two threshold values from an absolute value 
default channel for output indication . Each of the remaining 10 of a different one of the at least two processed signals 
target channels , Ce where Bua , has a threshold , Te , calcu to provide at least two partially modified processed 
lated from its noise . During normal operation of the detector , signals ; multiplying each of the at least two scaling 
modified outputs Y6 produced from the subtraction of the factors with a different one of the at least two partially 
thresholds Tg from their respective channels Ce . The thresh processed signals to provide at least two modified 
olds are set so as to make it unlikely that any of the modified 15 processed signals ; selecting one of the at least two 
outputs Yg are greater than the zero threshold of the default modified processed signals with a largest magnitude as 
channel , Ca , implying that the output indication is generally the indicator output signal ; 
from the default channel , whereas for it to be from another c . determining at least two threshold values , each based 
channel , that channel must exceed the value of the Co on at least one of the at least two noise signals ; 
channel by its threshold Te . subtracting each of the at least two threshold values 

Alternatively , the threshold levels may be lowered by an from an absolute value of a different one of the at least 
operator so that sometimes the noise from the noisier two processed signals to provide at least two modified 
channels may exceed the typical background noise of the processed signals ; and linearly combining the at least 
absolute value of channel Ca . This mode may be chosen if , two modified processed signals as the indicator output 
for example , it is likely that targets , or a particular target 25 signal , with coefficients dependent upon that modified 
being sought , are likely to produce a larger signal in chan processed signal having the largest magnitude ; 
nels other than the quietest channel C . . d . determining at least two scaling factors , each based on 

Instead of subtracting a threshold based upon the noise of at least one of the at least two noise signals ; multiplying 
the absolute values of the channels , the channels may be each of the at least two scaling factors with a different 
scaled using scaling factors based upon the noise of each 30 one of the at least two processed signals to provide at 
channel , that the quietest channel Co , has a scaling factor of least two modified processed signals ; and linearly com 
say unity ( = 1 ) ; the noisier each of the other channels is , the bining the at least two modified processed signals as the 
smaller the scaling factor ( 1 ) , to produce second modified indicator output signal , with coefficients dependent on 
outputs Yo ' = scaling factor Yexchannel Yo with the quietest that modified processed signal having the largest mag 
channel Ca having a scaling factor of 1 so that the typical 35 nitude ; 
noise of each of the scaled outputs is similar . Then the e . determining at least two scaling factors , each based on 
largest instantaneous absolute value of the second modified at least one of the at least two noise signals ; determin 
outputs Y ' is fed to control the indicator . ing at least two threshold values , each based on at least 

FIG . 5 depicts 51 processing the n target channels 18a , one of the at least two noise signals ; multiplying each 
18b . . . 18n and the determined respective noise levels 34a , 40 of the at least two scaling factors with a different one 
34b . . . 34n within processor 35 using scaling factors . In this of the at least two processed signals to provide at least 
embodiment , the determined noise levels 34a , 34b . . . 34n two partially modified processed signals ; subtracting 
are used to produce scaling factors S ' ? , a = 1 , 2 . . . n for their each of the at least two threshold values from an 
corresponding target channels 18a , 18b . . . 18n . The absolute value of a different one of the at least two 
produced scaling factors Sca = 1 , 2 . . . n are then multiplied 45 partially processed signals to provide at least two 
with their corresponding target channels 18a , 18b . . . 18n to modified processed signals ; and linearly combining the 
produce modified channels 18 ' , a = 1 , 2 . . . n . The modified at least two modified processed signals as the indicator 
channel 18 ' f having the largest value is then selected to output signal , with coefficients dependent upon that 
produce output 18 . modified processed signal having the largest magni 

Alternatively , a linear combination of absolute values of 50 tude ; 
the second modified outputs Yg ' is used to produce a type of f . determining at least two scaling factors , each based on 
indicator output signal instead of selecting the largest instan at least one of the at least two noise signals ; determin 
taneous absolute value of second modified outputs Yg ' . In ing at least two threshold values , each based on at least 
one form , the second modified output Yg ' is fed as an audio one of the at least two noise signals ; subtracting each of 
output as a form of the indicator output signal . 55 the at least two threshold values from an absolute value 

Examples of various possible ways to utilise scaling of a different one of the at least two processed signals 
factors , threshold values and linear combination to achieve to provide at least two partially modified processed 
desirable results include , but are not limited to : signals ; multiplying each of the at least two scaling 

a . determining at least two scaling factors , each based on factors with a different one of the at least two partially 
at least one of the at least two noise signals ; determin - 60 processed signals to provide at least two modified 
ing at least two threshold values , each based on at least processed signals ; and linearly combining the at least 
one of the at least two noise signals ; multiplying each two modified processed signals as the indicator output 
of the at least two scaling factors with a different one signal , with coefficients dependent upon that modified 
of the at least two processed signals to provide at least processed signal having the largest magnitude ; 
two partially modified processed signals ; subtracting 65 g . determining at least two threshold values , each based 
each of the at least two threshold values from an on at least one of the at least two noise signals ; 
absolute value of a different one of the at least two subtracting each of the at least two threshold values 
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from an absolute value of a different one of the at least threshold for each channel being based upon the soil 
two processed signals to provide at least two modified noise statistics of each channel , recorded to assess the 
processed signals ; and linearly combining , with prede likely maximum noise not due a target ; and 
termined coefficients , the at least two modified pro d . the default channel , which may or may not require 
cessed signals as the indicator output signal ; further processing , is selected for generation of the 

h . determining at least two scaling factors , each based on indicating output . It is also possible to select a different 
at least one of the at least two noise signals ; multiplying other channel for generation of the output when it 
each of the at least two scaling factors with a different exceeds the requirements for selection . The indicator 
one of the at least two processed signals to provide at output can be through audio output or visual means . 
least two modified processed signals ; and linearly com - 10 Alternatively , the noise statistics of all the channels may 
bining , with predetermined coefficients , the at least two be indicated on a visual display and the user may select the 
modified processed signals as the signal used to pro - default channel , or select the default channel plus any other 
duce the indicator output signal ; channels that are then used to produce the indicator output 

i . determining at least two scaling factors , each based on when their absolute values , minus a respective threshold for 
at least one of the at least two noise signals ; determin - 15 each channel , exceed the absolute value of the default 
ing at least two threshold values , each based on at least channel . 
one of the at least two noise signals ; multiplying each The term “ soil ” and “ ground " are used interchangeably in 
of the at least two scaling factors with a different one this specification and they mean the same as understood by 
of the at least two processed signals to provide at least a person skilled in the art . 
two partially modified processed signals ; subtracting 20 Those of skill in the art would understand that information 
each of the at least two threshold values from an and signals may be represented using any of a variety of 
absolute value of a different one of the at least two technologies and techniques . For example , data , instruc 
partially processed signals to provide at least two tions , commands , information , signals , bits , symbols , and 
modified processed signals ; and linearly combining , chips that are referenced throughout the above description 
with predetermined coefficients , the at least two modi - 25 may be represented by voltages , currents , electromagnetic 
fied processed signals as the signal used to produce the waves , magnetic fields or particles , optical fields or par 
indicator output signal ; and ticles , or any combination thereof . 

j . determining at least two scaling factors , each based on Those of skill in the art would further appreciate that the 
at least one of the at least two noise signals ; determin - various illustrative logical blocks , modules , circuits , and 
ing at least two threshold values , each based on at least 30 algorithm steps described in connection with the embodi 
one of the at least two noise signals ; subtracting each of ments disclosed herein may be implemented as electronic 
the at least two threshold values from an absolute value hardware , computer software , or combinations of both . To 
of a different one of the at least two processed signals clearly illustrate this interchangeability of hardware and 
to provide at least two partially modified processed software , various illustrative components , blocks , modules , 
signals ; multiplying each of the at least two scaling 35 circuits , and steps have been described above generally in 
factors with a different one of the at least two partially terms of their functionality . Whether such functionality is 
processed signals to provide at least two modified implemented as hardware or software depends upon the 
processed signals ; and linearly combining , with prede - particular application and design constraints imposed on the 
termined coefficients , the at least two modified pro - overall system . Skilled artisans may implement the 
cessed signals as the signal used to produce the indi - 40 described functionality in varying ways for each particular 
cator output signal . application , but such implementation decisions should not 

It is also possible to use other algorithms that select be interpreted as causing a departure from the scope of the 
channel outputs or linear combinations of channels so that present invention . 
the noisier channels are less likely to be selected to produce The steps of a method or algorithm described in connec 
an indicator output signal . However , a function of a particu - 45 tion with the embodiments disclosed herein may be embod 
lar channel with a higher likelihood of producing a larger ied directly in hardware , in a software module executed by 
signal from sought targets would be more likely to be a processor , or in a combination of the two . For a hardware 
selected to produce the output indication . implementation , processing may be implemented within one 

The analysis of noise of the channels may be some sort of or more application specific integrated circuits ( ASICs ) , 
statistical analysis of the noise ; eg estimation of the median 50 digital signal processors ( DSPs ) , digital signal processing 
noise of each noise signal , or the peak - to - peak value of the devices ( DSPDs ) , programmable logic devices ( PLDs ) , field 
noise . programmable gate arrays ( FPGAS ) , processors , controllers , 

In yet another embodiment : micro - controllers , microprocessors , other electronic units 
a . knowing the sensitivity of each of the synchronous designed to perform the functions described herein , or a 
demodulation functions to various unwanted signals , 55 combination thereof . Software modules , also known as 
for example , signals due to saline soil , log - linear resis computer programs , computer codes , or instructions , may 
tive VRM signals , and log - uniform resistive VRM contain a number a number of source code or object code 
signals , only one channel with a corresponding func segments or instructions , and may reside in any computer 
tion that is likely to give the best target S / N with respect readable medium such as a RAM memory , flash memory , 
to the ground noise is selected as default channel ; 60 ROM memory , EPROM memory , registers , hard disk , a 

b . the quieter channels among those that are noisier than removable disk , a CD - ROM , a DVD - ROM or any other 
the one channel likely to have the best S / N , if any , are form of computer readable medium . In the alternative , the 
emitted when their absolute value exceeds the absolute computer readable medium may be integral to the processor . 
value of the default channel ; The processor and the computer readable medium may 

c . a comparatively noisier channel is emitted only when 65 reside in an ASIC or related device . The software codes may 
its absolute value minus its specific threshold exceeds be stored in a memory unit and executed by a processor . The 
the absolute value of the default channel , with the memory unit may be implemented within the processor or 
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external to the processor , in which case it can be commu is balanced to log - uniform resistive viscous remnant 
nicatively coupled to the processor via various means as is magnetization ( VRM ) signals , a function that is bal 
known in the art . anced to salt signals , a function that is balanced to 

Throughout the specification and the claims that follow , log - linear resistive VRM signals . 
unless the context requires otherwise , the words “ comprise ” 5 2 . The method of claim 1 , wherein the noise level of each 
and “ include ” and variations such as “ comprising ” and of the at least two processed signals is measured over a 
“ including ” will be understood to imply the inclusion of a period of time . 
stated integer or group of integers , but not the exclusion of 3 . The method of claim 1 , wherein the at least two any other integer or group of integers . different demodulation functions are predetermined prior to The reference to any prior art in this specification is not , 10 11 the step of processing the receive signal . and should not be taken as , an acknowledgement of any 4 . The method of claim 1 , further including the step of : form of suggestion that such prior art forms part of the selecting a type of the electrically conductive target to be common general knowledge . 

It will be appreciated by those skilled in the art that the detected ; 
invention is not restricted in its use to the particular appli - 15 wherein the step of producing an indicator output signal " 
cation described . Neither is the present invention restricted is further dependent upon the selected type of the 
in its preferred embodiment with regard to the particular electrically conductive target . 
elements and / or features described or depicted herein . It will 5 . The method of claim 1 , wherein the step of producing 
be appreciated that the invention is not limited to the the indicator output signal from the at least two processed 
embodiment or embodiments disclosed , but is capable of 20 signals includes the steps of : 
numerous rearrangements , modifications and substitutions determining at least two threshold values , each based on 
without departing from the scope of the invention as set forth at least one of the at least two noise signals ; 
and defined by the following claims . subtracting each of the at least two threshold values from 

The invention claimed is : an absolute value of a different one of the at least two 
1 . A method for detecting an electrically conductive target 25 processed signals to provide at least two modified 

in soil including the steps of : processed signals ; and 
generating a transmit signal ; producing the indicator output signal based on : selecting 
generating a transmit magnetic field for transmission into one of the at least two modified processed signals with 

the soil based on the transmit signal ; a largest magnitude as the indicator output signal , or 
receiving a receive magnetic field ; linearly combining the at least two modified processed 
providing a receive signal induced by the receive mag signals as the indicator output signal , with coefficients 

netic field ; dependent on one of the at least two modified processed 
processing the receive signal using at least two different signals with a largest magnitude , or linearly combining , 

demodulation functions for producing at least two with predetermined coefficients , the at least two modi 
processed signals , each of the processed signals is at 35 fied processed signals . 
least partly insensitive to at least one unwanted signal 6 . The method of claim 1 , wherein the step of producing 
due to the soil or an electromagnetic interference noise , the indicator output signal from the at least two processed 
wherein the at least two different demodulation func - signals includes the steps of : 
tions cause noises in the at least two processed signals determining at least two scaling factors , each based on at 
to be different ; least one of the at least two noise signals ; 

determining a noise level of each of the at least two multiplying each of the at least two scaling factors with a 
processed signals for producing at least two different different one of the at least two processed signals to 
noise signals representing the different noises or dif provide at least two modified processed signals ; and 
ferent combinations of noises ; and producing the indicator output signal based on : selecting 

producing , from at least one of the at least two processed 45 one of the at least two modified processed signals with 
signals , an indicator output signal indicative of the a largest magnitude as the indicator output signal , or 
presence of the electrically conductive target when the linearly combining the at least two modified processed 
electrically conducting target is within the influence of signals as the indicator output signal , with coefficients 
the transmit magnetic field ; dependent on one of the at least two modified processed 

wherein the electrically conductive target , within the 50 signals with a largest magnitude , or linearly combining , 
influence of the transmit magnetic field , produces resis with predetermined coefficients , the at least two modi 
tive components associated with energy dissipation ; fied processed signals . 

wherein the step of producing an indicator output signal 7 . The method of claim 1 , wherein the step of producing 
is dependent upon characteristics of the at least two the indicator output signal from the at least two processed 
noise signals to avoid cancelling all unwanted signals 55 signals includes the steps of : 
to improve a sensitivity of a detection of the electrically determining at least two scaling factors , each based on at 
conductive target ; least one of the at least two noise signals ; 

wherein each of the at least two different demodulation determining at least two threshold values , each based on 
functions is configured so that the at least two pro at least one of the at least two noise signals ; 
cessed signals are sensitive to the resistive components 60 multiplying each of the at least two scaling factors with a 
of the electrically conductive target , at least partly different one of the at least two processed signals to 
insensitive to at least one type of components of soil provide at least two partially modified processed sig 
signal , and that the at least two processed signals differ nals ; 
in their sensitivities to the at least one type of compo subtracting each of the at least two threshold values from 
nents of soil signal ; and 65 an absolute value of a different one of the at least two 

wherein the at least two different demodulation functions partially processed signals to provide at least two 
comprise at least two of the following : a function that modified processed signals ; and 
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producing the indicator output signal based on : selecting 10 . The method of claim 1 , wherein producing the indi 

one of the at least two modified processed signals with cator output signal from the at least two processed signals 
a largest magnitude as the indicator output signal , or includes the step of : 
linearly combining the at least two modified processed sampling the receive signal using at least two time 
signals as the indicator output signal , with coefficients 5 demodulation functions , each time function defining 
dependent on one of the at least two modified processed one or more sampling periods . signals with a largest magnitude , or linearly combining , 11 . The method of claim 1 , wherein at least one of the at with predetermined coefficients , the at least two modi least two noise signals includes a noise signal due to the soil . fied processed signals . 12 . The method of claim 1 , wherein at least one of the at 8 . The method of claim 1 , wherein the step of producing 10 least two noise signals includes an electromagnetic interfer the indicator output signal from the at least two processed ence noise signal . signals includes the steps of : 13 . The method of claim 1 , wherein each of the at least determining at least two scaling factors , each based on at 
least one of the at least two noise signals ; two processed signals is a target channel . 

determining at least two threshold values , each based on 15 14 . The method of claim 1 , further including the step of : 
at least one of the at least two noise signals ; selecting a range of target time constant to be detected or 

excluded ; subtracting each of the at least two threshold values from 
an absolute value of a different one of the at least two wherein the step of producing an indicator output signal 

is further dependent upon the selected range of target processed signals to provide at least two partially 
time constant . modified processed signals ; 

multiplying each of the at least two scaling factors with a 15 . A metal detector configured to perform the method of 
different one of the at least two partially processed claim 1 . 
signals to provide at least two modified processed 16 . A computer readable medium comprising instructions 
signals ; and for causing a processor to implement the method of claim 1 . 

producing the indicator output signal based on : selecting 25 17 . The method of claim 1 , wherein the step of producing 
the indicator output signal from the at least two processed one of the at least two modified processed signals with 

a largest magnitude as the indicator output signal , or signals includes the step of : 
linearly combining the at least two modified processed linearly combining the at least two processed signals . 

18 . The method of claim 17 , wherein the step of linearly signals as the indicator output signal , with coefficients 
dependent on one of the at least two modified processed 30 30 combining the at least two processed signals includes an 
signals with a largest magnitude , or linearly combining , iterative process until a certain criterion is met , the iterative 
with predetermined coefficients , the at least two modi process includes : 
fied processed signals . linearly combining the at least two processed signals 

9 . The method of claim 1 , wherein producing the indicator using a set of coefficients for the linear combination ; 
output signal from the at least two processed signals 35 measuring a noise of the combined signal ; 
includes the step of : updating the set of a set of coefficients for the linear 

synchronously demodulating the receive signal using at combination . 
least two synchronous demodulation functions . * * * * * 


