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[57] ABSTRACT

A metal detector circuit includes a transmit coil (12)
and a receive coil (56) arranged in a balanced induction
configuration in an electromagnetic field. The receive
signal from the receive coil (56) is input to electronic
switches (146, 148) which receive quadrature reference
inputs from a phase shift circuit (112). The phase de-
modulated outputs of the switches (146, 148) are passed
through amplifiers and input to an analog-to-digital
converter (324) to produce digital signal samples which
are transmitted through a bus (326). The bus (326) is
connected to random access memory (414, 416) and a
read only memory (418) which includes a stored signal
processing program. A microprocessor (374) is con-
nected to the bus (376) for receiving the digital signal
samples and the stored program from memory (418).
The microprocessor (374) executes the stored signal
processing program to produce a digital output signal
which is transmitted through the bus (326) to a digital-
to-analog converter (360). The converter (360) pro-
duces an analog output signal which is passed to an
output driver circuit which produces a target indication
signal at a speaker (284). The digital signal processing
provided by the microprocessor (374) includes concur-
rent ground cancellation and discrimination without the
need for operator selection of these functions. The digi-
tal output produced by the microprocessor (374), upon
detection of an object in the electromagnetic field, can
be displayed in digital readouts (474-482).

27 Claims, 26 Drawing Figures
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METAL DETECTOR HAVING DIGITAL SIGNAL
PROCESSING

This application is a continuation of application Ser.
No. 401,378 filed July 23, 1982, now abandoned.

TECHNICAL FIELD

The present invention pertains to electronic metal
detector circuits and in particular to metal detector
circuits which provide ground cancellation and target
discrimination.

BACKGROUND OF THE INVENTION

Induction balance metal detectors are widely used for
the detection of ferromagnetic and conductive bodies
hidden beneath the surface of the earth. One problem
encountered with the use of these detectors is the gener-
ation of spurious signals due to the presence of mineral-
ized soil. It is known that the phase between the trans-
mit and receive signals of a metal detector can vary as
a function of the electrical nature of the material within
the field of a search coil. Such phase information has
been utilized to reduce the extraneous signals caused by
mineralized soil as well as to provide a degree of dis-
crimination between classes of targets.

It has been the usual procedure to search with a metal
detector set in a ground cancellation mode until an
object is detected. The detector is then switched to a
discrimination mode to attempt classification to deter-
mine whether the detected object is of interest. This
procedure requires the operator to initially adjust the
metal detector to have a specific ground cancellation
condition as well as a specific discrimination condition.
These conditions are set up by adjusting potentiometers
which control phase shift circuits. The effectiveness of
these adjustments, to a substantial extent, depends upon
the operator’s experience and skill. The ground cancel-
lation adjustment can prove to be a particular problem
since it is somewhat time consuming and soil conditions
can vary even within a small area. The analog circuitry
of a metal detector also has the tendency to drift due to
thermal and battery conditions. The net result of these
factors often is considerable inconvenience to the oper-
ator due to the necessity of frequent circuit adjustment.

Once an object is detected with a conventional metal
detector, the response is provided to the operator by
means of an audio signal or a meter reading. These
indications provide nothing more than an indication
that an object has been detected and that it may be
within a very broad class, as determined by the discrimi-
nation setting. The output provided to the operator is
basically a yes/no response rather than a qualitative
indication of the nature of the material in the field of the
search coil. :

In view of the above limitations regarding conven-
tional metal detector circuits there exists a need for an
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advanced metal detector which can evaluate target

information with a substantial degree of precision. The
inconvenience to the operator caused by the need to set
ground cancellation conditions should be substantially
reduced or eliminated. Discrimination setting should be
adjustable quantitatively and with great precision. Fur-
ther, the detailed and more precise signal information
produced as a result of enhanced signal processing
should provide a quantitative output to the operator
resulting in much greater knowledge of the nature of

65

2
the material within the field of the metal detector search
coil.

SUMMARY OF THE INVENTION

A selected embodiment of the present invention is a
metal detector circuit which includes an oscillator for
generating a transmit signal and a transmit coil for re-
ceiving the transmit signal therethrough to generate an
electromagnetic field. A receive coil is positioned in the
electromagnetic field for generating a receive signal
through inductive coupling from the transmit coil. A
phase demodulation circuit receives the transmit and
receive signals and produces first and second phase
demodulated signals. The first and second phase de-
modulated signals are digitized to produce digital signal
samples. A digital communication bus is connected to
receive the digital signal samples from the digitizing
circuit. A digital memory is connected to the communi-
cation bus and includes a stored program therein. A
microprocessor is connected to the communication bus
and serves to execute the stored program to process the
digital signal samples and generate a digital output sig-
nal for indicating detection of an object in the electro-
magnetic field. Further circuit means are provided
which are connected to the microprocessor for receiv-
ing the digital output signal and generating therefrom a
target indication signal for an operator.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and the advantages thereof, reference is made
to the following Detailed Description taken in conjunc-
tion with the accompanying Drawings in which:

FIG. 1 is a schematic illustration of metal detector
analog signal generation, collection and demodulation
and of the output driver of the metal detector circuit of
the present invention;

FIGS. 2A, 2B and 2C are schematic illustrations of
the power supplies for the circuits of the present inven-
tion;

FIG. 3 is a block diagram and schematic illustration
of analog-to-digital and digital-to-nalog conversion cir-
cuitry;

FIG. 4 is a block and schematic illustration of a mi-
croprocessor, bus and memory utilized in the present
invention;

FIG. 5 is a block and schematic illustration of key-
board input and the digital output circuitry of the pres-
ent invention;

FIG. 6 is a master flow chart showing the general
sequential operation of the signal processing system for
the subject metal detector;

FIG. 7 is a flow diagram illustrating the power on
reset operation;

FIG. 8 is a flow diagram illustrating the initialization
routine;

FIG. 9 is a flow diagram illustrating the keyboard
input routine;

FIG. 10 is a flow diagram illustrating the audio mode
set routine;

FIG. 11 is a flow diagram illustrating the meter mode
set routine;

FIG. 12 is a flow diagram illustrating the battery test
routine;

FIG. 13 is a flow diagram illustrating the sensitivity
set routine;

FIG. 14 is a flow diagram illustrating the discrimina-
tion coefficient set routine;
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FIG. 15 is a flow diagram illustrating the ground
cancel set routine;

FIG. 16 is a flow diagram illustrating the tuning
mode set routine;

FIG. 17 is a flow diagram illustrating the audio offset
routine;

FIG. 18 is a flow diagram illustrating the operations
of accept, process and store data received by the metal

detector;
FIG. 19 is a flow diagram illustrating the operation of

accept analog data;

FIG. 20 is a flow diagram illustrating the calculate
ground cancel (C) value;

FIG. 21 is a flow diagram illustrating the calculate
discrimination (D) value;

FIG. 22 is a flow diagram illustrating the calculate
desired display value (M);

FIG. 23 is a flow diagram illustrating the output to
audio routine; and

FIG. 24 is a flow diagram illustrating the output to
display routine.

DETAILED DESCRIPTION

An induction balance metal detector is described
which utilizes analog circuitry to transmit and receive a
signal as well as to perform phase demodulation. Fol-
lowing the phase demodulation the information signals
are digitized for processing.

! In the embodiment of the present invention described
" herein there are shown four independent power

" supplies designated as V4, Vg, Vr, and V. The voltage

V4 powers the analog circuitry and is typically 12 volts,
VR is a stable reference voltage and is typically 5 volts,
V. powers the digital logic circuitry and is typically 5
volts, and Vs powers the sound or audio output cir-
cuitry and is typically 9 volts. There are included three
ground symbols, one for digital ground, one for analog

... ground and one for the audio or sound circuit. The

" digital ground is indicated by a downward facing ar-

. row, the analog ground is indicated by three parallel

" lines at a slant, and the audio ground is indicated by a
series of horizontal lines of decreasing length forming a
triangle. These three distinct ground paths are used to
eliminate interference between the circuits due to cur-
rents in the ground paths.

Referring now to FIG. 1, the metal detector circuit
for the described embodiment of the present invention
includes an oscillator 10 for generating a sinusoidal
signal that is passed through a transmit coil 12. The
oscillator 10 includes a PNP transistor 14 which has its
collector terminal connected to a node 16 which is in
turn connected to a first terminal of the transmit coil 12.
A capacitor 18 is connected between the collector and
emitter terminals of transistor 14. A resistor 20 is con-
nected between the emitter of transistor 14 and a power
terminal 22 connected to the V 4 supply. A resistor 24 is
connected between the base terminal of transistor 14
and the power terminal 22.

A capacitor 30 is connected between the emitter
terminal of transistor 14 and a node 32 which is con-
nected to the analog ground. The transmit coil 12 is
connected between node 32 and node 16.

A diode 34 has the anode terminal thereof connected
to node 16. A capacitor 36 is connected between node
32 and the cathode terminal of diode 34. A pair of resis-
tors 38 and 40 are connected in series between node 32
and the junction of diode 34 and capacitor 36.
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The junction of resistors 38 and 40 is connected to the
noninverting input of a differential amplifier 42. A resis-
tor 44 is connected between the inverting input of am-
plifier 42 and its reference voltage V. A capacitor 52 is
connected between the output of amplifier 42 and its
inverting input. A resistor 54 is connected between the
output of amplifier 42 and the base terminal of transistor
14. Preferably, the frequency of oscillator 10 is approxi-
mately 5§ KHZ.

The metal detector circuit of the present invention
further includes, a receive coil 56 which is physically
located to be in a balanced induction configuration with
the transmit coil 12. The receive coil 56 is connected to
a transformer 58 through a primary coil 58a. Trans-
former 58 includes a secondary coil 585 which is con-
nected between nodes 60 and 62. Node 62 is connected
to the analog ground. A capacitor 64 is also connected
between nodes 60 and 62.

The receive signal from coil 56 is transmitted through
transformer 58 to a preamplifier circuit which is desig-
nated generally as 70. The preamplifier 70 includes an
NPN transistor 72 which has its base terminal con-
nected through a resistor 74 to the reference voltage
VRr. A capacitor 76 is connected between the base ter-
minal of transistor 72 and node 62, analog ground. A
resistor 78 is connected between node 60 and the emit-
ter terminal of transistor 72. A capacitor 80 is connected
in parallel with resistor 78. A resistor 82 is connected
between the collector terminal of transistor 72 and V4
supply at terminal 22.

The preamplifier 70 further includes a PNP transistor
88 which has its base terminal connected to the collec-
tor terminal of transistor 72. A resistor 90 is connected
between the collector terminal of transistor 88 and
ground node 62. A capacitor 92 is connected in parallel
with resistor 90. A resistor 94 is connected between the
emitter terminal of transistor 88 and a node 96. A resis-
tor 98 is connected between node 96 and the power
terminal V 4at terminal 22. A capacitor 100 is connected
in parallel with resistor 98.

The preamplifier 70 further includes an NPN transis-
tor 106 which has its collector terminal connected to
the power terminal V 4 at terminal 22. A resistor 108 is
connected between the base terminal of transistor 106
and the collector terminal of transistor 88. A resistor
110 is connected between the emitter terminal of tran-
sistor 106 and the ground node 62. -

The sinusoidal signal generated by the oscillator 10 is
also transmitted from node 16 to a phase shift circuit
112. The transmit signal from oscillator 10 is passed
serially from node 16 through a capacitor 114 and a
resistor 116 to a node 118. Phase shift circuit 112 in-
cludes voltage comparators 120 and 122. The nonin-
verting inputs of comparators 120 122 are connected to
the Vg supply.

A resistor 128 is connected between node 118 and the
Vg supply. A resistor 130 is connected between node
118 and the inverting input of comparator 120. A capac-
itor 132 is connected between the inverting and nonin-
verting inputs of comparator 120. A capacitor 134 is
connected between node 118 and the inverting input of

_comparator 122. A resistor 136 is connected between

the inverting and noninverting inputs of comparator
122,

The output of comparator 120 comprises a phase
reference signal for a channel A of the metal detector
circuit. This phase reference signal is transmitted
through a node A. The output of comparator 122 com-



4,709,213

5

prises the phase reference signal for a channel B. This
reference signal is transmitted through a node B. Resis-
tors 138 and 140 are connected in series between the
outputs of comparators 120 and 122. The V 4 supply is
connected to the junction of resistors 138 and 140.

The digital circuitry portion of the present invention
generates a group of destination select signals which are
labeled DSO, DSI and DS2. The source of these signals
is shown in FIG. 3. The digital circuitry also generates
an analog signal which is labeled DA. These signals are
input to the analog circuitry shown in FIG. L.

The receive signal from preamplifier 70 is transmitted
from the emitter terminal of transistor 106 through a
line 142 to first terminals of capacitors 144 and 145. The
second terminal of capacitor 144 is connected to the
input terminal of electronic switch 146. The second
terminal of capacitor 145 is connected to the input ter-
minal of an electronic switch 148. A resistor 150 is
connected between the input of the switch 146 and
voltage supply Vg and a resistor 149 is connected be-
tween the input of switch 148 and reference voltage
supply Vg. The channel A phase reference signal from
comparator 120 is transmitted through node A to the
control input of switch 146. The channel B phase refer-
ence signal is transmitted through node B to the control
input of switch 148. The switches 146 and 148 serve as
a means for phase demodulating the receive signal in
response to the reference signals provided to the control
inputs thereof. The phase shift circuit 112 is a means for
providing first and second relative phase relations be-
tween the reference signals derived from the transmit
signal and receive signal provided to the phase demodu-
lation switches 146 and 148.

The data select signal DS@ is transmitted through a
resistor 151 to the base terminal of an NPN transistor
152. The emitter of transistor 152 is connected to the
analog ground. The collector of transistor 152 is con-
nected to the control input of an electronic switch 154
and through a resistor 156 to the power supply V4.

The DSI signal is transmitted through a resistor 158
to the base terminal of an NPN transistor 160 which has
its emitter terminal connected to the analog ground.
The collector terminal of transistor 160 is connected to
the control input of an electronic switch 162. The col-
lector terminal is further connected through a resistor
164 to the power supply V4.

The DA signal is provided to the inputs of switches
154 and 162. The output of switch 154 is connected to
the inverting input of an amplifier 170. The output of
switch 146 is connected through a resistor 172 to the
noninverting input of amplifier 170. Amplifier 170 is
designed to have a fixed gain. A pair of capacitors 174
and 176 are connected in series between the noninvert-
ing and inverting inputs of amplifier 170. The junction
of capacitors 174 and 176 is connected to the reference
voltage supply Vr.

The output from switch 162 is provided to the invert-
ing input of a fixed gain amplifier 178. The output of
switch 148 is transmitted through a resistor 179 to the
noninverting input of amplifier 178. A pair of capacitors
180 and 182 are connected in series between the nonin-
verting and inverting inputs of amplifier 178. The junc-
tion of capacitors 180 and 182 is connected to the refer-
ence voltage V.

The amplifiers 170 and 178 receive power from the
V 4 supply through resistors 184 and 186 respectively.

The amplifiers 170 and 178 are provided with offset
voltages which are stored respectively across capaci-
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6
tors 174 and 180. These offset voltages are provided
through the line DA and serve to bring the outputs of
amplifiers 170 and 178 to within a desired operating
range.

The output from amplifier 170 is provided to the
noninverting input of an operational amplifier 188. A
parallel combination of a potentiometer 190 and a ca-
pacitor 192 has a first terminal connected to the invert-
ing input of amplifier 188. A resistor 194 is connected
between the inverting input of amplifier 188 and the
reference voltage Vg. A resistor 195 is connected be-
tween the inverting input of amplifier 188 and the ana-
log ground.

The output of amplifier 170 is further transmitted to a
terminal labeled A;. The output of amplifier 188 is
transmitted through a resistor 198 to a terminal labeled
Ap. The second terminal of the parallel combination of
potentiometer 190 and capacitor 192 is also connected
to the terminal A g. The signal at terminal Ay is ampli-
fied to produce the signal at terminal A g. Therefore the
signal of Ay is a lower amplitude signal and the signal at
terminal Ay is a higher amplitude signal. The signal at
A ris 256 times the amplitude of the signal Ay although
both signals convey essentially the same information.
A represents the high level A channel signal and Az
represents the low level A channel signal.

The output of amplifier 178 is provided to the nonin-
verting input of an operational amplifier 208. The paral-
lel combination of a potentiometer 210 and a capacitor
212 has a first terminal connected to the inverting input
of amplifier 208. A resistor 214 is connected between
the inverting input of amplifier 208 and the reference
voltage VR. A resistor 215 is connected between the
inverting input of amplifier 208 and the analog ground.
The output of amplifier 208 is transmitted through a
resistor 216 to a terminal labeled By. The second termi-
nal of the parallel combination of potentiometer 210 and
capacitor 212 is also connected to the terminal By.

The output of amplifier 170 is further transmitted to a
terminal labeled Br. As with channel A noted above the
signal at the By terminal is 256 times greater in ampli-
tude than the signal at the By terminal although both
signals convey essentially the same information. By is
the high level B channel signal and By is the low level
B channel signal.

The DS2 signal is connected to the gate terminal of a
field effect transistor 230. The analog signal DA is pro-
vided to the drain terminal of transistor 230. The source
terminal of transistor 230 is connected to the noninvert-
ing input of an operational amplifier 236. A capacitor
238 is connected between the noninverting input of
amplifier 236 and the analog ground. A resistor 240 is
connected between the inverting input of amplifier 236
and reference voltage supply VRg. A resistor 242 is con-
nected between the output and the inverting input of
amplifier 236.

The disclosed embodiment for the metal detector.
circuit of the present invention further includes an
audio oscillator, a tone generator, which includes an
operational amplifier 248 which has a capacitor 250
connected between the inverting input of amplifier 248
and analog ground. A resistor 252 is connected between
the noninverting input of amplifier 248 and the refer-
ence voltage Vg. A resistor 254 is connected between
the output and inverting input of amplifier 248. A resis-
tor 256 is connected between the output and the nonin-
verting input of the amplifier 248. An oscillatory signal
at audio frequency is produced at the output of ampli-

.
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fier 248 and is transmitted through a line 257 to an LCD
backplane drive shown in FIG. 5. A diode 258 has its
cathode terminal connected to the output of amplifier
248. A resistor 260 is connected between the output of
amplifier 236 and the anode terminal of diode 258. Upon
detection of an object in the field of the transmit and
receive coils 12 and 56, the DA and DS2 signals are set
to a state to permit the oscillatory signal from amplifier
248 to be propagated through diode 258 and a capacitor
66 to the base terminal of a PNP transistor 268. A resis-
tor 270 is connected between the power supply terminal
Vsat a node 272 and the base terminal of transistor 268.
A resistor 274 is connected between the power supply
terminal Vs at node 272 and the emitter terminal of
transistor 268. A resistor 276 is connected between the
audio ground and the collector terminal of transistor
268.

A resistor 278 is connected between the collector
terminal of transistor 268 and the base terminal of an
NPN transistor 280. The transistor 280 has its collector
terminal connected to the power supply terminal Vg
and its emitter terminal connected to a center pole of a
switch 282. A first terminal of the switch 282 is con-
nected to a speaker 284 which has a second terminal
connected to the circuit audio ground. A second termi-
nal of the switch 282 is connected through a resistor 286
to the circuit audio ground. The switch 282 includes a
socket for receiving an earphone plug to provide the

. audio output to the earphone while interrupting the
" signal provided to the speaker 284.

~ The transistors 268 and 280 comprise the output cir-
cuit driver transistors for the metal detector circuit.

Power supply circuits for the metal detector circuit
of the present invention are shown in FIGS. 2A, 2B and
2C. The circuit for producing the voltage supplies V4
and Vgis shown in FIG. 2A and is designated generally
- by the reference numeral 292. An NPN transistor 294

-+ has its collector connected to a voltage supply V. and
“" its emitter connected to a terminal B1. A resistor 295 is

-~ connected between the base of transistor 294 and the

~-analog ground. A resistor 296 has a first terminal con-

nected to the base terminal of transistor 294. Power
supply circuit 292 includes batteries 301 and 302 which
are connected in series between the analog ground and
the switch arm of a switch 303. The second terminal of
switch 303 is connected to the input of a voltage regula-
tor circuit 304. This input is also connected to the sec-
ond terminal of resistor 296. The circuit 292 includes
resistors 305 and 306 which are connected serially be-
tween the output of voltage regulator 304 and the ana-
log ground. A sense terminal of regulator 304 is con-
nected to the junction of resistors 305 and 306. A filter
capacitor 307 is connected between the power supply
terminal V4, which is the output of the voltage regula-
tor 304, and the circuit analog ground. The input of a
second voltage regulator 308 is connected to the power
terminal VA. A potentiometer 309 is connected be-
tween the analog ground and the output of voltage
regulator 308. The output of the voltage regulator 308 is
a stable reference voltage designated Va.

Referring now to FIG. 2B there is shown a circuit 310
for producing the supply voltage V. A battery 311 is
connected between logic ground and the switch arm of a
switch 312. The remaining terminal of switch 312 is
connected to the input of a voltage regulator curcuit 313.
The circuit includes resistors 314 and 315 which are con-
nected serially between the output of voltage regulator
313 and digital ground. A filter capacitor 316 is con-
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nected between the power terminal Vz, which is the
output of the voltage regulator 313 and the circuit digi-
tal ground. A sense terminal from regulator 313 is con-
nected to the junction of resistors 314 and 315.

An NPN transistor 297 has its collector terminal
connected to the V supply and its emitter connected to
a terminal B2. A resistor 298 is connected between the
base terminal of transistor 294 and the digital ground. A
resistor 299 is connected between the base terminal of
transistor 297 and the IN terminal of voltage regulator
310.

Referring to FIG. 2C, a power supply circuit 317
produces the supply voltage Vs. A battery 318 has its
negative terminal connected to the circuit analog
ground and its positive terminal connected to the switch
arm of a switch 319. A capacitor 320 is connected be-
tween the static terminal of switch 319, which is also the
sound or audio power supply Vs, and the audio ground.
An NPN transistor 321 has its collector terminal con-
nected to the Vi supply and its emitter terminal con-
nected to a terminal B3. A -resistor 322 is connected
between the base terminal of transistor 321 and the
audio ground. A resistor 323 is connected between the
Vs power terminal and the base of transistor 321.

The analog input/output circuitry for the metal de-
tector of the present invention is shown in FIG. 3. The
high and low level signals for the A and B channels are
input to an analog-to-digital converter 324. The battery
monitor terminals B1, B2 and B3 are also input to con-
verter 324. There are eight selectable inputs to the con-
verter 324. In the present embodiment seven of these
inputs are utilized.

Address signals A0, A1 and A2 are provided to the
converter 324 to select which of the input lines is to be
sampled. When an input analog signal is sampled, an
eight-bit digital word is produced at the output termi-
nals of converter 324 and this word is transmitted
through an eight-bit wide data bus 326. The data bits
transmitted through bus 326 are labeled DBO through
DB7.

A counter 346 uses timing and chip enable informa-
tion to sequentially load the correct address and start
the conversion cycle of the analog-to-digital converter
324.

The data bus 326 is further connected to the inputs of
latches 354 and 356 each of which can store an eight-bit
word of binary data. The eight data outputs of latch 354
are transmitted through a bus 358 to eight of the input
terminals of a digital-to-analog converter 360. Four of
the outputs from the latch 356 are transmitted through
a bus 362 to the remaining four inputs of the digital-to-
analog converter 360 to provide twelve-bit resolution.
The converter 360 receives a twelve-bit input and gen-
erates a corresponding analog output at line 364. Ana-
log output line 366 is connected to analog ground while
analog input line 370 is connected to reference voltage
Vg. A fixed gained differential amplifier 368 has the
output line 364 connected to its noninverting input. A
resistor 372 is connected between the inverting input of
amplifier 368 and the analog ground. A resistor 373 is
connected between the inverting input of amplifier 368
and the output of amplifier 368. The output of amplifier
368 is the analog signal noted as DA above. The power
terminals for amplifier 368 are the supply V 4and analog
ground.

Only four of the outputs from the latch 356 are pro-
vided to the converter 360. Three of the remaining
outputs provide the destination select signals DS0, DS1
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and DS2. The last remaining output of latch 356 is not
currently utilized.

The microprocessor central processing unit and
memory of the metal detector circuit are shown in FIG.
4. A microprocessor 374 performs the data acquisition
and signal processing for the detection and classification
of objects encountered in the field of the search coil.
The processor 374 is connected to the eight lines of the
data bus 326 for transmitting and receiving data words
over the bus. The processor 374 further generates mem-
ory address signals which are transmitted through an
eight-bit address bus 376. Control flags Q, EFl, EF2,
EF3 and EF4 are monitored and/or set up by operation
of the processor 374. The processor further generates
control signals N0, N1 and N2. Memory read and mem-
ory write commands are transmitted respectively
through lines marked MRD and MRW. A resistor 377 is
connected between line EF1 and the voltage supply V1.
A switch 378 is connected between digital ground and
line EF1. The switch 378 is mounted for easy access by
an operator. Operation of switch 378 generates a con-
trol flag for line EF1 which is used by microprocessor
374 to initialize the signal processing system of the
metal detector.

The microprocessor 374 is powered by the logic
voltage V. Capacitor 380 is connected between power
supply terminal V and the digital ground to suppress
power line transients. Resistors 382, 384, and 386 are
connected between power terminal V and the micro-
processor terminals DMAOUT (37), DMAIN (38), and
WALIT (2), respectively to control unused input lines.

capacitor 388 is connected between the V terminal
and the input to a Schmidt trigger 390. The output of
the trigger 390 is connected to the clear input (CLR ) of
the microprocessor 374. A resistor 392 is connected
between the input of the trigger 390 and the digital
ground.

An oscillator circuit 400 provides a reference clock
signal for operation of the microprocessor 374 as well as
providing a clock signal for other portions of the metal
detector circuit. The circuit 400 includes a crystal 402
which is connected between the CK and XTAL termi-
nals of the microprocessor 374. A resistor 404 is con-
nected in parallel with the crystal 402. A capacitor 406
is connected between the CK terminal and the digital
ground. A capacitor 408 is connected between the
XTAL terminal and the digital ground. A Schmidt
trigger circuit 410 has its input connected to the XTAL
terminal of the microprocessor 374.

Microprocessor 374 generates timing pulses TPA and
TPB which are utilized to sequence the operation of the
memories as well as other logical units in the circuit.

The memory address bus 376 from microprocessor
374 is connected to the address input of random access
memories (RAM) 414 and 416 and to the address inputs
of a read only memory (ROM) 418. The data bus 326
has the data bit lines DB0, DB1, DB2 and DB3 con-
nected to the four data output terminals of RAM 414.
The data bit lines DB4, DB5, DB6 and DB7 are con-
nected to the four data output terminals of RAM 416.
All of the lines of data bus 326 are connected to the
output data terminals of ROM 418.

The random access memories 414 and 416 are pow-
ered from the +5 volt supply V1 which is transmitted
through a diode 420 to the VDD terminals of the
RAMS 414 and 416. A battery supply is also provided
by battery 422 which has the negative terminal thereof
connected to the digital ground and the positive termi-
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nal connected to the anode terminal of a diode 424. The
cathode terminal of the diode 424 is connected to the
power input terminals VDD of the RAMS 414 and 416.
This circuit allows retention of information in the
RAMS 414 and 416 when the balance of the circuitry is
switched off.

A latch decode circuit 430 allows the processor 374
to address the appropriate memory or 1/0 element of
the circuit. Address lines 432 and 434 provide valid
information during a specified portion of each machine
cycle for processor 374 and are decoded and latched on
lines 436, 437 and 438.

Additional address decoding circuitry is shown in
FIG. 5. A decoder 452 combines processor control
signals N@, N1, N2 and timing signals TPA and TPB to
control the I/0 devices. A nand gate 454 further de-
codes the output of decoder 452 to provide an address
enable for analog-to-digital converter 328. A nand gate
456 enables the output of keyboard decoder 442. A nand
gate 458 resets the data ready flag of latch 446. A nand
gate 458 resets the data ready flag of latch 446. A nand
gate 460 enables a data transfer to the two most signifi-
cant digits of the LCD drivers while a nand gate 462
enables a data transfer to the two least significant digits
of the LCD drivers.

The keyboard and display interface for the metal
detector circuit of the present invention are illustrated
in FIG. 5. A keyboard 440 has sixteen keys arranged in
four columns and four rows. Each of the column lines
for the keyboard is input to a respective one of the
column inputs X1, X», X3 and X4 of a keyboard decoder
442. The row lines of the keyboard 440 are input to the
Y, Y2, Y3 and Y4 inputs of the decoder 442. A data
acquisition output signal is generated at the DA termi-
nal of the decoder 442 upon detection of a closure of
any one of the switches of the keyboard 440. The de-
coded keyboard signal is transmitted through a four line
bus 444 to the data bits DB0, DB1, DB2 and DB3 of the
data bus 326.

The data acquisition signal from the DA terminal of
decoder 442 is provided to a latch circuit 446 which sets
the flag EF4 to indicate to the microprocessor 374 that
a keyboard input has been initiated.

The data bus lines 326 are further connected to liquid
crystal display latch drivers 466, 468, 470 and 472. The
data bit lines DB0, DB1, DB2 and DB3 are connected
to drivers 466 and 470. The data bit lines DB4, DBS,
DB6 and DB7 are connected to the drivers 468 and 472.
The outputs of the drivers 466-472 are connected to a
four digit, seven segment, digital, liquid crystal display
474. The seven segment drive lines are shown as a, b, c,
d, e, f and g. The back plane drive for the liquid crystal
displays is provided through a line 482. Line 482 is
connected to the junction of resistors 478 and 480. The
remaining terminal of resistor 480 is connected to the
digital ground. The remaining terminal of resistor 478 is
connected to the output of amplifier 48 through line
257.

The metal detector includes a digital signal process-
ing means which includes the digital units 354, 356, 360,
374, 414, 416, 418, 430, 442 and associated digital com-
ponents. This digital signal processing means receives
digital signal samples from the analog-to-digital con-
verter 324, processes the samples in accordance with a
stored signal processing program and produces an out-
put signal at the output of the digital-to-analog con-
verter 360. This output signal drives an audio output
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circuit, shown in FIG. 1, to generate a target indication
signal at speaker 284.
The functional blocks described above are listed
below together with a representative product identifica-
tion for each listed functional block.

Reference Number Part No, Manufacturer

146, 148, 154, 162 CD4016 RCA

304, 310 LM2931T National
Semiconductor

324 ADCS807 National
Semiconductor

308 REF02 Precision
Monolithics

346 CD4022 RCA

354, 356 CDP1852 RCA

360 AD7521 National
Semiconductor

374 CDP1802 RCA

414, 416 MWS5114 RCA

418 CDP1834 RCA

430 CDP1859 RCA

442 74C922 National
Semiconductor

452 CDP1853 RCA

466, 468, 470, 472 4056 RCA

474, 1L.CD FE502 AMD

Operation

Operation of the metal detector circuit of the present
invention is now described in reference to the FIG-
URES. Referring first to FIG. 1, the oscillator 10 pro-
duces a sinusoidal signal at approximately 5 KHZ and
passes this signal through the transmit coil 12. This
produces an electromagnetic field. Although a sinusoi-
dal transmit signal is preferred, other types of periodic
signals can be used with the circuit of the present inven-

... tion.

+. The transmit coil 12 and receive coil 56 comprise a
- search coil which is fabricated in a balanced induction
configuration such that there is a net zero induced sig-
nal in the receive coil from the transmit coil in the ab-
- sence of ferromagnetic or conductive objects in the
field of the coils. When such objects are brought in the
vicinity of the transmit and receive coils, the field is
unbalanced and a signal from the transmit coil 12 is
induced into the receive coil 56. The receive signal is at
the same frequency as the transmit signal but is ampli-
tude and phase offset as a function of the nature of the
material in the electromagnetic field. The receive signal
passes through transformer 58 and preamplifier 70.

The receive signal is provided to the inputs of
switches 146 and 148. At this point the receive signal is
processed through two channels, A and B. The switch
control, reference inputs A and B, are square wave
signals derived from the transmit signal produced by
oscillator 10. The phase shift circuit 112 produces a
relative phase shift of 90° between the reference signals
A and B. For the signal processing of the present inven-
tion it is preferred that the phase offset of the signals A
and B be as close to 90°, quadrature, as possible.

The reference input signals A and B provided to the
switches 146 and 148 serve to phase demodulate the
receive signal. The resulting phase demodulated signals
are low pass filtered by operation of resistor 172 and
capacitor 176 for switch 146 and resistor 179 and capac-
itor 182 for switch 148. A DC signal is established
across these capacitors wherein this signal is propor-
tional to the phase related amplitude content of the
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receive signal determined by the reference signal con-
trol input to the corresponding switch.

The phase demodulated signals are input to the non-
inverting input terminals of amplifiers 170 and 178. The
inverting inputs receive an offset signal which is stored
across the capacitors 174 and 180 respectively for the
amplifiers 170 and 178. The amplitude of the offset
signal is determined by the signal processing carried out
by the microprocessor, described below. The offset
signal for each of the amplifiers 170 and 178 is input
through the signal DA and selectively applied to the
capacitors 174 and 180 by operation of the switches 154
and 162. The signals DS0 and DS1 respectively operate
the switches 154 and 162 for applying the DA signal to
the capacitors 174 and 180. The offset signals input to
the amplifiers 170 and 178 serve to bring the output of
the amplifiers within the desired operating range. Am-
plifiers 170 and 178 preferably have a fixed gain of 10.

The phase demodulated receive signals at the outputs
of amplifiers 170 and 178 have a relatively low ampli-
tude. These phase demodulated signals are input respec-
tively to amplifiers 188 and 208, each of which prefera-
bly has a gain of 256. The low amplitude phase demodu-
lated receive signals from the amplifiers 170 and 178 are
passed to the terminals A and By, respectively. These
signals are amplified by the amplifiers 188 and 208 and
the amplified signals are provided to the terminals Ay
and By. These are third and fourth phase demodulated
signals. For each of the A and the B channels there is a
low and a high amplitude signal. Thus, a low level
signal with a large dynamic range and a high level sig-
nal with high resolution are utilized by the processing
circuitry to increase the speed of processing and to
enhance the resolution of the signals.

Further referring to FIG. 1, upon detection of an
object within the field of the transmit and receive coils
and the classification of the object as one which is de-
sired, a detection signal is transmitted by the means of
the DA signal to the transistor 230. The destination
select signal DS2, is utilized to activate the output cir-
cuitry to pass the DA signal to indicate detection of an
object. Once the DA and DS2 signals are applied to the
output circuitry, the audio signal produced by the oscil-
lator, which includes amplifier 248, is passed to the
output amplifier transistors 268 and 280 to produce an
audible output at the speaker 284. The amplitude of the
output signal is determined by the amplitude of the DA
signal which is in turn determined by the amplitude of
the digitized receive signal. The voltage across capaci-
tor 238 remains constant while DS2 is not activated,
thus holding the audio amplitude constant.

Referring now to FIG. 3 the high and low amplitude
A and B channel signals, Ay, Az, By and By are input
to the analog-to-digital converter 324. Each of these
inputs is sampled when the address for that input is
received over the lines A0, A1 and A2. Each sample of
an input signal.produces a corresponding digital word.
The order and time of selection is determined by the
program being executed by the microprocessor 374.
The sampling of the signals is carried out at a suffi-
ciently high rate such that the output signal provided to
the operator is generated in a very short time, in terms
of human response, after an object is detected in the
field of the transmit and receive coils. Each of these
signals is sampled at a typical rate of 100 samples per
second.

Referring also to FIG. 4 the digitized receive signals
are passed through the data bus 326 to the microproces-
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sor 374 for immediate processing or to one of the
RAMS 414 or 416 for storage and later processing.

The operating program for the metal detector circuit
is permanently stored in the ROM 418. Upon activation
of the metal detector circuit, the ROM 418 is immedi-
ately accessed for the first program instruction. Follow-
ing the initialization of the program, the signal process-
ing, as described below, together with monitoring in-
puts from the keyboard 440, receiving input data and
generating output signals is carried out in accordance
with the stored program.

Referring now to FIG. 5 the operator provides inputs
to the metal detector circuit by operation of the
switches in the keyboard 440. The switch closures are
decoded and the switch information is transmitted
through the bus 444 to the data bus 326. The closure of
any one of the switches generates a data acquisition
signal which is provided to the circuit 446 which acti-
vates a flag signal EF4 that is provided to the micro-
processor 374. This flag is periodically checked by the
microprocessor and upon detection of an active state
the microprocessor receives the keyed information
from the keyboard 440. Typical information which is
input by the operator includes modes of operation,
gains, audio levels, and target analysis parameters.

The detailed operation of the microprocessor signal
processing system for the metal detector of the present
invention is now described in reference to the flow
diagrams in FIGS. 6-24.

A master flow chart 500 is illustrated in FIG. 6. This
flow diagram shows the overall processing flow for the
signal processing of the described metal detector. A
first routine 502 is power on reset. When power is ap-
plied to the metal detector, a clear command is input to
pin 3 of the microprocessor 374. This clear command
serves to put a selected address into the microprocessor
program counter to start execution of the first instruc-
tion. Initial conditions are set in the registers and point-
ers. Routine 502 is further described in reference to
FIG. 7. After the power on reset routine 502 is com-
pleted the program control enters an initialize routine
504. This routine is further described in reference to
FIG. 8. The initialize routine 504 comprises establishing
a predetermined set of conditions for various registers
and selecting offset constants for the A and B channels.

Following the initialize routine 504 the program en-
ters a decision block 506. This decision block tests for an
initialize command which is provided through switch
378, shown in FIG. 4, to determine if the operator has
commanded that the metal detector again be initialized.
The decision block 506 is entered automatically follow-
ing the initialize routine 504 and is entered after the
overall completion of the signal processing operation
shown in FIG. 6. If the test for block 506 is YES, the
program is redirected back to the input of the initialize
routine 504. If the test is NO, the program is directed to
a decision block 508.

The decision block 508 is a test for any input from the
keyboard 440, shown in FIG. 5. Whenever a key is
depressed a flag is set on the EF4 line which is input to
the microprocessor 374. If the test result is YES, a key-
board input routine 510 is executed. This routine is
further described in reference to FIG. 9. The comple-
tion of the keyboard input routine returns the program
to the initialize routine 504. If the test result is NO, the
program is directed to a routine 512 to execute the
operation of accept, store and process data. This routine
includes all the operations of data acquisition and pro-
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cessing. Routine 512 is further described in FIG. 18.
After the receive data has been acquired and processed,
the program control is transferred to a routine 514 to
output to audio the processed data. The routine 514
drives the audio output circuitry of the metal detector
and is described in detail in FIG. 23.

After routine 514 the program control is transferred
to an output to display routine 516 which provides
signals to drive the LCD display 474. After routine 516
is completed, the program control is returned to the
decision block 506 to repeat the cycle.

Each of the steps and routines which is included
within the operations in the master flow chart 500 are
now described in reference to FIGS. 7-24.

The power on reset routine 502 is shown in FIG. 7.
Upon application of power to the microprocessor the
first operation is the set program counter step 522. A
next step 524 is to initialize all registers and pointers.
This step is done under program control and comprises
storing predetermined initial conditions in the hardware
registers and pointers. Following completion of step
524 the program control is returned to the initialize
routine 504 as indicated in the master flow chart in FIG.
6. .

The initialize routine 504 is described in detail in FIG.
8. In a first step 526 the audio and display coefficients
are set to 0. This sets the LCD display to 0 and prevents
the generation of any audio output to the operator.
After the audio display coefficients are set to 0, the
program control executes the output to audio and out-
put to display routines 514 and 516 to provide stored
outputs to the audio output circuitry and the LCD
display.

After completion of the output to display routine 516
the progam control goes to a routine §32 which accom-
plishes the function of accepting analog data. The de-
tailed operation of this routine is further described in
FIG. 19. This step basically serves to collect the ampli-
tude states at the terminals for the Ay, Az, Bgand Bz
signals.

In a decision block 538, following routine 532, a test
is carried out to determine if the analog data collected in

" routine 532 is out of range. The range limits are perma-

45

50

55

60

65

nently stored in the read only memory 418. If the test
shows that the data is out of range a step 540 is executed
to modify and establish new offset constants Ag, Bo,
Aopand Bop. The constants Appand Bopare transmit-
ted as voltages which are stored on the capacitors 174
and 180 to provide offsets to the amplifiers 170 and 178
shown in FIG. 1. The constants Ap and Bp are main-
tained in the program. The constants Agp and Bop are
the coarse offsets and Ao and Bo are the fine offsets.

If the test for block 538 indicates that the data is not
out of range, the program control is returned to the
decision block 506 shown in FIG. 6.

The keyboard input routine 510 is shown in FIG. 9.
Functional commands as well as numerical information
is input through the keyboard 440. The various func-
tions are tested sequentially to determine which input
has been generated by the operator. When a particular
function has been selected the corresponding opera-
tional routine is carried out to accomplish the function.
When the operational routine is completed, program
control is returned to the master flow chart 500 of FIG.
6.

The test for keyboard commands and the correspond-
ing functional operation are listed as follows:
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FUNCTION

perform audio mode set (552)
perform meter mode set (556)
perform battery test (560)
perform sensitivity set (564)
perform discriminate
coefficient

set (568)

perform ground cancel set (572)
perform tuning mode set (576)
perform audio offset

routine (580)

COMMAND

audio mode command (550)
meter mode command (554)
battery test command (558)
sensitivity set command (562)
discriminate coefficient

set command (566)

ground cancel set command (570)
tuning mode command (574)
audio offset value (578)

If a key was pressed which did not designate a valid
command, an output error message step 582 is executed.
In each case, the program control is sent through the
return back to the master flow chart 500 in FIG. 6.
Each of the keyboard inputs and corresponding opera-
tional functions are described in detail in the following
flow chart descriptions.

The perform audio mode set routine 552 is now de-
scribed in reference to FIG. 10. A first step 588 is to
display the current audio mode. There are a plurality of
such modes available including ground cancelling and
discrimination. The next step 590 is to clear the key-
board data ready flag. This flag is set whenever there is
a keyboard entry and it must be cleared so that the
program can detect a new entry. A decision block 5§92
to test for a keyboard input follows the clearing of the
keyboard data ready flag. A negative response causes
the program to loop through the block 592.

The next decision block 594 is to test for a valid input.
Block 594 is entered following a positive response in
block 592. Only certain keyboard inputs are appropriate
in this audio mode set, other inputs are invalid. If there
is not a valid input, an indicate error step 596 is executed
to indicate to the operator that he has made an incorrect
keyboard entry. After step 596 program control is re-
turned to the input of step 590 to receive a new key-
board input. If a valid input is received for block 594,
the program proceeds to a step 598 to store a correct
address in the audio subroutine pointer. The function of
step 598 is to set a pointer to be used by the audio output
routine (block 866 of FIG. 23) so the desired output
information is accessed for output.

Following step 598 the program proceeds to a step
600 to display the new audio parameter. This step dis-
plays the newly selected audio mode at the LCD. Fol-
lowing the step 600 there is a program delay 602 for
approximately three seconds which is then followed by
a return to the next function command in the keyboard
input routine 510 shown in FIG. 9.

The next keyboard command 556 is meter mode set
and this is illustrated in FIG. 11. A first step 608 of the
meter mode set is to display the current meter mode.
There are a plurality of meter modes available including
signal strength, discrimination value, material coeffici-
ent and coin depth. The next step 610 is clear keyboard
data ready flag. The next sequential operation is a deci-
sion block 612 which is to test for a keyboard input.
When a keyboard input is received, the program pro-
ceeds to a decision block 614 to test for valid input.
Only certain keyboard inputs are allowable. If a valid
input is not received, an indicate error step 616 is exe-
cuted to indicate to the operator than an incorrect key-
board input has been spotted. The program control is
then returned to the input of the step 610 to again clear
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the keyboard data ready flag to receive a new keyboard
input.

If the block 614 indicates that a valid input is re-
ceived, a step 618 is executed to store the correct ad-
dress in the subroutine pointer. Following this step is a
step 620 to display new meter mode parameter, which
was previously entered by the operator. After the initia-
tion of the new display there is a delay step 622 for a
period of approximately three seconds followed by a
return to the keyboard input routine 510 in FIG. 9.

The perform battery test routine 560 is now described
in reference to FIG. 12. A step 628 is executed to clear
the keyboard data flag. In the next step 630 a battery
pointer is set to 1. There is a battery pointer number for
each of the three batteries. After the setting of the bat-
tery pointer a step 632 is executed to start the analog-to-
digital converter (ADC). Next, there is a decision block
634 to test for end of conversion to detect the comple-
tion of the analog-to-digital conversion. The conversion
is the measurement of a battery voltage. The battery
voltages are input through the terminals labeled B1, B2
and B3. After the test for conversion is detected, the
next step 636 is to normalize the battery voltage to a
battery value in a range O to 10. The actual battery
voltage is not indicated to the operator but there is
shown a relative value of the battery voltage with a
larger number indicating a higher voltage. Normaliza-
tion is utilized with each of the batteries rather than
voltages because the voltages of the various batteries
can be different.

After the battery normalization, there is a step 638 to
output the battery pointer number to the most signifi-
cant bit (MSB) digit of the liquid crystal display 638.
Next is a step 640 to output the normalized battery
value to the least significant bit (LSB) of the LCD.
After the normalized output is displayed there is a delay
step 642 for approximately two seconds.

The next decision block 644 is a test for the battery
pointer =3. If the pointer is not yet equal to 3 a step 646
is executed to increment the pointer to return the pro-
gram to the start of the ADC conversion at step 632.
When the test of the battery pointer reaches 3, all three
batteries have been checked and the battery test routine
returns to the keyboard input routine 510 in FIG. 9.

The next keyboard input is the sensitivity set routine
564. The operator may wish to adjust the sensitivity of
the metal detector so it will provide a greater or lesser
response to a target. This is illustrated in FIG. 13. A
first step 652 is to display the current sensitivity parame-
ter. The next step 654 is to clear the keyboard data
ready flag. The data ready flag is also referred to as the
data flag. After the data ready flag is cleared, a decision
block 656 is entered to test for a keyboard input. If there
is no keyboard input, the program loops to make an-
other check for a keyboard input. If there is a keyboard
input, the program enters the decision block 658 to test
for a valid input. Only predetermined inputs are allow-
able for the sensitivity set. Other inputs are not allow-
able. If there is no valid input, an indicate error step 660
is executed to provide an output to the operator to
indicate that there has been an improper input. Follow-
ing the indicate error step 660 program control is re-

- turned to clear the keyboard data ready flag in step 654

65

to await another keyboard input. If the test for a valid
input for block 658 indicates that the keyboard input is
valid, the keyboard input is stored by operation of a step
662 to store the gain parameter. The new sensitivity
parameter is then displayed by operation of a step 664 to
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display new sensitivity parameter. Following the dis-
play step 664 there is a delay step 666 for a period of
approximately 3 seconds. Program control then returns
to master flow chart 500.

The discrimination coefficient set routine 568 is
shown in detail in FIG. 14. The metal detector of the
present invention can be programmed to indicate the
detection of a selected class of target objects. This selec-
tion is determined by a discrimination coefficient which
is scaled from 1 to 99 to represent a range of selection
between, conductive objects of differing material com-
positions. A first step 672 is to clear the keyboard data
flag. The next step 674 is to display the current discrimi-
nation coefficient. From step 674 the program enters a
decision block 676 to test for keyboard input. The test is
repeated if there is no input. If there is an input, a deci-
sion block 678 is entered to test for valid input. Again,
there are a fixed number of valid inputs and should the
keyboard inputs which are received not fall within these
predetermined inputs, the program will enter an indi-
cate error step 680 to provide an indication of error to
the operator and return the program to the input of step
672. If the input data is valid a step is entered to store
the most significant digit of the discrimination coeffici-
ent. The next sequential step 684 is again to clear the
keyboard data flag, followed by another test 686 for
keyboard input. If the input is valid there is a test for
valid input 688. If there is no valid input, an indicate
error step 690 is carried out to indicate such condition
to the operator and return the program to the clear
keyboard data flag step 684. If valid data is received
from the keyboard, a step 692 is executed to store the
least significant (L.S) digit of the discrimination coeffici-
ent.

After the storage of the LS discrimination coefficient
there is a clear keyboard data flag step 694. The next
step 696 is to convert the operator provided discrimina-
tion coefficient to DC1, which is the internally utilized
discrimination coefficient.

The internally utilized discrimination coefficient
DC1 is stored in a step 698. A step 700 is next executed
to display the new discrimination coefficient. After the
display is initiated there is a delay step 702 which halts
the program for approximately three seconds and then
returns to the master flow chart 500 in FIG. 6.

The ground cancel set routine 572 is now described in
reference to FIG. 15. A first step 710 is to clear the
keyboard data ready flag. The next step is the initialize
routine 504 described in FIG. 8. This routine calculates
the Ao, Bo, Aopand Bop offset constants for the condi-
tion when the search coil is not near the surface of the
ground. Following the initialization is a decision block
712 to test the keyboard for the ground cancel calibrate
input. If this keyboard input is not received, the step is
repeated. If this keyboard input is received the program
executes a clear data ready flag step 714.

After the data ready flag is cleared, the routine 532 is
executed to accept analog data A and B. This is the data
at the terminals A g, Az, Bgyand By when the search coil
of the detector is near the surface of the ground. After
the data is accepted there is a decision block 718 to test
for out of range. If the data is found to be out of range
an output error message is generated by operation of
step 719. Following the output error message, the pro-
gram control is returned to the decision block 712 to
test for a new keyboard entry. If the data is not delta
values Ap and Bp wherein Ap=A—Ap and
Bp=B—Bop. The terms A and B are defined as A=A-
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H+Ar and B=By+By. These high and low values are
combined as a composite rather than algebraically
summed.

After the delta values Ap and Bp are calculated, the
program enters a step 722 to calculate a ground cancel
coefficient (GC). This coefficient is defined as
GC=Ap—=Bp. After the ground cancel coefficient is
calculated, the program returns to the master flow chart
500 in FIG. 6.

The tuning mode set routine 576 is described in FIG.
16. A first step 726 is to display the current tuning
mode. A plurality of tuning modes are available includ-
ing manual and automatic. After the current tuning
mode is displayed, a step 728 is executed to clear the
keyboard data ready flag. After this flag is cleared, a
decision block 730 is executed to test for keyboard in-
put. If no keyboard input is received, the test is re-
peated. If there is a keyboard input, there is next a test
732 for valid input. There is stored a list of valid tuning
mode states. If a valid state is not input through the
keyboard, there is executed an indicate error step 734 to
inform the operator that an incorrect input has been
provided. Following step 734 the program control is
returned to the input of the clear keyboard data ready
flag step 728.

After the tuning mode parameters are received from
the keyboard and the test for validity is completed there
is a step 736 to store tuning mode parameter. Next there
is executed a step 738 to display the tuning mode param-
eter. Finally, there is a delay step 740 for a period of
approximately three seconds followed by a return to the
master flow chart 500 in FIG. 6.

The audio offset routine 580 is described in detail in
reference to FIG. 17. The purpose of this routine is to
set the threshold for the audio output. A first step 746 is
to clear the keyboard data flag. The next step 748 is to
display the current audio offset coefficient Aps.

Following step 748 there is a decision block 750 to
test for keyboard input. If there is no keyboard input,
the program control continues to loop awaiting a key-
board input. If there is a keyboard input, the program
enters a decision block 752 to test for valid input. If the
input is not valid there is executed an indicate error step
754 which returns program control to the start of the
audio offset routine 580. If the input is valid a step 756
is executed to store the most significant digit of the
audio offset coefficient Agps.

After the most significant digit of the audio offset
coefficient is stored, the next step 758 is to clear the
keyboard data flag. This is followed by a decision block
760 to test for keyboard input. The absence of an input
results in a loop to continue searching for an input. If
there is a keyboard input, there is executed a decision
block 762 to test for valid data. If the data is not valid,
a step 764 is executed to indicate an error to the opera-
tor. Step 764 returns the program to the clear keyboard
data flag step 758. If valid data is detected there is exe-
cuted a step 766 to store the least significant (LS) digit
of the audio offset coefficient. The next sequential step
is 768 to clear the keyboard data flag. This is followed
by a step 770 to display the new audio offset coefficient.
The next step is a delay 772 for a period of approxi-
mately three seconds followed by a return to the master
flow chart 500 in FIG. 6.

Returning now to FIG. 6 for the master flow chart
500, should the test for keyboard input at block 508 be
negative, the program control enters the routine 512 to
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accept, store and process data. This step is described in
detail in FIG. 18.

Referring now to FIG. 18, the first routine 532 is to
accept analog data. This step is described in detail in
FIG. 19. After routine 532 there is a decision block 780
to test for out of range. This step compares the mea-
sured amplitude of the analog data with preset limits. If
the newly acquired analog data exceeds the selected
range, there is executed a step 782 to indicate an error to
the operator. The program control is then returned to
the input of the routine 532. If the test shows that the
data is not out of range, the program enters a decision
block 784. The purpose of this block is to test to deter-
mine if automatic tuning has been selected in a keyboard
input by the operator. If the automatic tuning mode has
been selected, there is entered a step 786 to modify the
Ao and Bo offset parameters an incremental amount so
the system slowly moves toward an equilibrium condi-
tion of zero output.

If the test for automatic tuning is negative, the step
786 is skipped and the program control goes directly to
a routine 788 to calculate a ground cancel (C) value.
This routine is shown in detail in FIG. 20.

After the value C has been calculated, there is exe-
cuted a routine 790 to calculate a discrimination (D)
value. This step is described in detail in FIG. 21.

After the D value has been calculated there is a rou-
tine 792 to calculate a desired display value (M) which
represents a selected meter mode. The routine 792 is
shown in detail in FIG. 22. Following calculation of the
M value the program control is transferred to the rou-
tine 514 shown in the master flow chart 500 in FIG. 6.

The accept analog data routine 532 is shown in detail
in FIG. 19. A first step 798 is the setting of the ADC and
DAC pointers. This selects the sources and destinations
for the conversions. From step 798 there is a step 800 to
output the DAC value and destination address. The
DAC 360 has a demultiplexer on its output. To output
an analog value, the step 800 includes addressing the
DAC, outputting a data value to the DAC, and output-
ting a value to the demultiplexer to direct the analog
signal to the correct location.

Following the completion of step 800 there is entered
a delay step 802 to cause a 1 milisecond delay. Follow-
ing step 802 there is a step 804 to start the ADC conver-
sion. After the analog-to-digital conversion is started
there is entered a decision block 806 to test for end of
the conversion. A loop is continued until the conversion
is completed. When the conversion is completed, a step
808 is executed to store the conversion value.

After completion of the storage of the conversion
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value, there is entered a decision block 810 to test if all

inputs have been read. This step comprises reading the
ADC and DAC pointers to determine if all inputs have
been read. If all inputs have not been read, there is
executed a step 812 to increment the ADC and DAC
pointers. From step 812 the program control is returned
to step 800 to collect additional analog data.

After all of the analog inputs have been accepted and
a positive response is generated in response to the deci-
sion block 810, there is executed a step 814 to calculate
the A and B quantities. The quantity A is equal to the
composite of the high and low signals (Ax and Ar) of
the A channel. The quantity B is equal to the high and
low quantities (By and By) for the B channel. After
these values have been calculated the program control
is returned to the imediate preceding routine, either the
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block 538 in FIG. 8, the block 718 in FIG. 15 or the
block 780 in FIG. 18.

The calculate ground cancel (C) value step 788 is
described in detail in FIG. 20. A first step 820 is to
calculate delta values Apand Bp wherein Ap=A—Agp
and Bp=B~Bo. The next sequential step 822 is to scale
the BD value with the ground cancel coefficient (GC)
wherein Bg=GC X B. The next step 824 is to calculate
the value of the ground cancel (C) signal wherein
C=Ap—Bg. The final step 826 comprises storing the
calculated ground cancel value C. Following comple-
tion of step 826 the program control is returned to rou-
tine 790 of the accept, process and store data routine 512
in FIG. 18.

The calculate discrimination (D) value routine 790 is
described in detail in FIG. 21. The first step 820 is to
calculate delta values Ap and Bp as described above.
The next step 834 is to scale the Bp value with the dis-
crimination coefficient (Dc1) to produce Bpss. This
relationship is Bpzs=DC1 X Bp. A further step 836 is to
calculate the discrimination (D) output value wherein
D=Ap—Bpjs. A final step 838 comprises storing the
calculated D value. After completion of step 838 the
program control is returned to routine 792 in FIG. 18.

The routine 792 to calculate the desired display value
M is described in detail in FIG. 22. A first decision
block 844 is to determine if the display mode is signal
strength. This is the term “C”. If the test result is YES
a step 846 is entered to select the M value for the mea-
sured signal strength. If the display mode is not signal
strength a decision block 848 is entered to determine if
the display mode is discrimination value. If the test is
YES a step 850 is executed to select M to be equal to the
previously selected discrimination value (D).

If the response to decision block 848 is negative, a
decision block 852 is entered to determine if the display
mode is material coefficient. If the response is YES, a
step 854 is executed to calculate M which is equal to Bp
divided by Ap. If the response to decision block 852 is
negative, a decision block 856 is entered to determine if
the display mode is coin depth. In this case the M value
is a function of the value C, as shown in step 858, and is
defined in a look up table stored in the ROM 418. If
none of the previous modes are selected, the meter
value is set to zero as shown in step 860. Following the
calculation of the M value the program control is trans-
ferred to the return block in FIG. 18.

The output to audio routine 514 is described in detail
in FIG. 23. A first step 866 is executed to select the
desired value to be output as defined by the pointer set
in FIG. 10. This can be the quantity C or D. After step
866 is executed there is entered a step 868 to offset to the
desired audio level. A next step 870 is to load the data
into the DAC 360. The following step 872 is to output
the analog data to the audio circuitry. Following com-
pletion of this step the program control is returned to
the master flow chart 500 in FIG. 6 or to the initialize
routine 504 in FIG. 8.

The output to display step 530 shown in FIGS. 6 and
8 is illustrated in FIG. 24. A first step 876 is executed to
convert the meter value M to binary coded decimal
(BCD). After this conversion, a step 878 outputs the
two most significant digits of the meter valve to the
LCD 474. The next step 880 outputs the two least signif-
icant digits of the meter value M to the liquid crystal
display 474. Following completion of the output to
display step 530 the program control is returned to the
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master flow chart shown in FIG. 6 or to the initialize
routine 504 in FIG. 8.

The preferred microprocessor for the present inven-
tion is a model CDP1802 manufactured by RCA. This
unit is selected for its low power consumption. The
electrical interface, pin definitions and instructions
codes for programming this microprocessor are de-
scribed in the RCA Solid State DATABOOK titled
“RCA COS/MOS MEMORIES, MICROPROCES-
SORS, AND SUPPORT SYSTEMS”, copyright 1979
by RCA Corporation. The CDP1802 is described in
particular at pages 17-36. Given the description for
signal acquisition, processing, and output presented
herein and the reference material for the CDP1802, the
detailed programming for the microprocessor can be
accomplished using conventional programming tech-
niques well known in the art.

The overall signal processing operation in accor-
dance with the present invention is now described in
reference to the FIGURES. A summary of the mathe-
matical terms used in the present application and a defi-
nition for each term is presented in Table 1 below.

TABLE 1

Ap = High Amplitude Segment of A-Channel
Az = Low Amplitude Segment of A-Channel
By = High Amplitude Segment of B-Channel
Bz = Low Amplitude Segment of B-Channel
Ap = A-Channel Program Offset
Bop = B-Channel Program Offset
Aopp = A-Channel Hardware Offset
Bop = B-Channel Hardware Offset
Ap = Compensated A-Channel Data
Bp = Compensated B-Channel Data
GC = Ground Cancellation Coefficient
Bg = B-Channel Data Scaled for Ground Cancelling
C = Ground Cancelled Signal
D = Discrimination Value
D¢ = Discrimination Coefficient
Bpss = B-Channel Data Scaled for Discrimination

The signal processing equations noted above are sum-
marized in Table 2.

TABLE 2
A=Apg+ AL 1)
B =By + Br )
Ap=A — Ap 3)
Bp=B - Bp @
GC = Ap +~ Bp ®)
Bg = GC *Bp )
.C=Ap—-Bg )
Bprs = Dci1*Bp (8)

D = Ap — Bpys (9)

As described previously, quadrature information is
processed through the A and B channels shown in FIG.
1, to produce signal amplitudes at the outputs of amplifi-
ers 170 and 178 with the signals corresponding to the
amplitudes of the quadrature signal components. By
means of the amplifiers 188 and 208 there are produced
high and low level A and B channel signals. The basic
A and B channel signals comprise the summation of the
high and low channel components. This is shown as
equations (1) and (2) in Table 2.

The quadrature A and B channels may have residual
amplitude components which are not a function of the
target. These signal components can be due to imperfect
mechanical alignment of the transmit and receive coils
resulting in a non zero mutual coupling coefficient,
conductive materials in a close but fixed proximity of
the coil (i.e. shields, wires, stems, etc), as well as
changes in the coils and electronic components due to
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thermal variations. There can also be changes due to
soil conditions. In order to null the metal detector cir-
cuit, there are provided amplitude offset quantities for
the A and B channels. A coarse offset is provided by the
quantities App and Bop. These signals are produced by
the digital-to-analog converter 360, as a function of the
signal processing, and transmitted by means of switches
154 and 162 to capacitors 174 and 180. These signals are
stored on the capacitors to provide voltage offsets at the
inputs of amplifiers 170 and 178. This is termed the
hardware offset.

Program offset quantities Ap and Bg are calculated
by operation of the signal processing program within
the metal detector. These quantities comprise the out-
puts of the A and B channels, after implementation of
the hardware offsets, when the outputs of these chan-
nels should be a zero state.

The resulting data which is utilized by the signal
processing program comprises the quantities Ap and
Bp which are defined in the equations (3) and (4) in
Table 2.

The metal detector of the present invention provides
ground cancellation, that is, the ability to eliminate the
effect of ground mineralization from the receive signal.
The quantity which is used to produce this cancellation
is termed the ground coefficient (GC). It is produced
through the following steps. The operator first holds
the search head, which includes the transmit coil 12 and
receive coil 56, at a substantial height above the ground.
This should be high enough to eliminate any effect of
the ground mineralization or objects in the soil. The
operator then activates the function for automatically
tuning the metal detector. The operation of the signal
processing then produces the four offset quantities dis-
cussed above. Next, the operator holds the search head
just slightly above the ground and activates the function
of ground cancel set, which is described in routine 572
in FIG. 15. New quantities Ap and Bp are produced.
The GC value is then calculated in accordance with
equation (5) in Table 2.

The next step in producing the ground cancelled
signal (C) is to calculate the quantity Bg as defined in
equation (6) in Table 2. After the calculation of Bg, the
ground cancelled signal C itself is calculated, as deter-
mined by equation (7) in FIG. 2. This output signal is
then converted by the DAC 60 to an analog signal
which is gated to the analog output circuitry to produce
an analog response for the operator. The calculated
quantity C is also transmitted to the LCD 474 to pro-
duce a digital display for the operator.

The metal detector of the present invention further
has the capability of providing discrimination between
various types of targets. The operator inputs through
the keyboard 440 a two-digit number in the range of
1-99. This is the range of discrimination selection. The
operator discrimination coefficient is converted, by
operation of routine 790, using a look up table, into a
discrimination coefficient D¢j. The D¢y value is uti-
lized by the program in the processing of the detected
signals. The scaled B channel discrimination value Bpjs
is produced as shown in equation (8) in Table 2. The
final discrimination value D is produced as shown in
equation (9) in Table 2. The discrimination value D, like
the ground cancelled signal C, is output to the audio
output circuitry as well as to the liquid crystal display
474 to indicate to the operator the detection of a target
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which is within the range of the selected discrimination
coefficient.

In summary, the present invention comprises a metal
detector having digital signal processing to provide
selectable ground cancellation and discrimination by
operation of a program which is executed by a micro-
processor. The detector can produce both an audio and
a digital output.

Although one embodiment of the invention has been
illustrated in the accompanying drawings and described
in the foregoing Detailed Description, it will be under-
stood that the invention is not limited to the embodi-
ment disclosed, but is capable of numerous rearrange-
ments, modifications and substitutions without depart-
ing from the scope of the invention.

I claim:

1. A metal detector circuit, comprising:

means for generating an oscillatory signal;

a transmit coil connected to receive said oscillatory
signal and generate an electromagnetic field there-
from;

a receive coil located in said electromagnetic field for
producing a receive signal due to said electromag-
netic field;

means . for phase demodulating said receive signal
with respect to the phase of said oscillatory signal
to produce a phase demodulated signal;

means for digitizing said phase demodulated signal to
produce digital signal samples, said means for digi-
tizing having a predetermined amplitude input
range for signals received thereby;

digital signal processing means connected to receive
said digital signal samples and produce therefrom
an output signal in ‘accordance with a stored signal
processing program to indicate detection of an
object;

means responsive to a digital offset signal produced
by said digital signal processing means for generat-
ing a corresponding analog offset signal;

means for combining said analog offset signal with
said phase demodulated signal;

said digital signal processing means producing said
digital offset signal as a fixed amplitude signal
when the amplitude of said phase demodulated
signal goes beyond said predetermined input range
for said means for digitizing as indicated by said
digital signal samples received from said means for
digitizing, said analog signal driving the signal
provided to said means for digitizing to within said
predetermined input range; and

means for generating a target indication signal in
response to said output signal.

2. A metal detector circuit as recited in claim 1

wherein said digital signal processing means comprises:

a read only memory having said stored signal pro-
cessing program therein; and

a microprocessor connected to receive said digital
signal samples and connected to said read only
memory for executing said stored signal processing
program.

3. A metal detecior circuit as recited in claim 2

wherein said digital signal processing means includes:

a random access memory connected to said micro-
processor; and

a digital-to-analog converter connected to said mi-
croprocessor for producing said output signal.

4. A metal detector circuit as recited in claim 1

wherein said means for generating a target identifica-
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tion signal comprises a tone generator circuit which is
modulated by said output signal.

5. A metal detector circuit as recited in claim 1

wherein said means for generating a target indication
signal comprises a digital display driven by said output
signal.

6. A metal detector circuit as recited in claim 1 in-

cluding means for storing an offset voltage to offset the
amplitude of said digital signal samples.

7. A metal detector circuit, comprising:

means for generating an oscillatory signal;

a transmit coil connected to receive said oscillatory
signal and generate an electromagnetic field there-
from;

a receive coil located in said electromagnetic field for
producing a receive signal due to said electromag-
netic field;

first and second phase demodulators having said re-
ceive signal and said oscillatory signal provided
thereto for producing respective first and second
phase demodulated signals;

means for providing first and second relative phase
relations between the receive signal and the oscilla-
tory signal provided respectively to said first and
second phase demodulators;

means for digitizing said phase demodulated signals
to produce digital signal samples, said means for
digitizing having a predetermined amplitude input
range for signals received thereby;

digital signal processing means for receiving and
processing said digital signal samples in accordance
with a stored signal processing program to produce
a digital output signal;

means responsive to a digital offset signal produced
by said digital signal processing means for generat-
ing a corresponding analog offset signal;

means for combining said analog offset signal with
either of said phase demodulated signals;

said digital signal processing means producing said
digital offset signal as a fixed amplitude signal for
combining with one of said phase demodulated
signals when the amplitude of said one phase de-
modulated signal goes beyond said predetermined
input range for said means by digitizing. as indi-
cated by said digital signal samples received from
said means for digitizing, said analog offset signal
driving the signal provided to said means for digi-
tizing to within said predetermined input range;
and

means for producing a digital display output in re-
sponse to said digital output signal, said response
for indicating detection of an object in said electro-
magnetic field.

8. A metal detector circuit as recited in claim 7 in-

cluding:

means for converting said digital output signal into an
analog output signal; and

tone generator means responsive to said analog out-
put signal for generating an audio response to indi-
cate detection of an object in said electromagnetic
field.

9. A metal detector circuit as recited in claim 7 in-

65 cluding first and second amplifiers connected respec-

tively to the outputs of said phase demodulators for
producing third and fourth phase demodulated signals
which are input to said means for digitizing.
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10. A metal detector circuit as recited in claim 7
including a keyboard for entering parameters into said
digital signal processing means.

11. A metal detector circuit as recited in claim 7
wherein said digital signal processing means includes:

a read only memory for storing said signal processing
program;

a microprocessor for executing said signal processing
program; and

a random access memory for storing information for
use by said microprocessor.

12. A metal detector circuit as recited in claim 7
including means for storing offset voltages to offset the
amplitudes of said first and said second phase demodu-
lated signals.

13. A metal detector circuit, comprising:

an oscillator for generating a transmit signal,

a transmit coil connected to receive said transmit
signal for generating an electromagnetic field,

a receive coil located in said electromagnetic field for
producing a receive signal through inductive cou-
pling from said transmit coil,

means connected to receive said transmit signal and
said receive signal for phase demodulating said
receive signal to produce first and second phase
demodulated signals,

means for digitizing said first and second phase de-
modulated signals to produce digital signal samples
said means for digitizing having a predetermined
amplitude input range for signals received thereby,

a digital communication bus connected to receive
said digital signal samples from said means for digi-
tizing;

a digital memory connected to said communication
bus, said memory including a stored program
therein,

a microprocessor connected to said communication
bus, said microprocessor executing said stored pro-
gram to process said digital signal samples and
generate a digital output signal to indicate detec-
tion of an object in said electromagnetic field,

a digital-to-analog converter connected to receive
digital offset signals from said microprocessor for
producing respective analog offset signals,

means for combining said analog offset signals with
said phase demodulation signals,

said microprocessor producing one of said digital
offset signals as a fixed amplitude signal when one
of said phase demodulated signals exceeds said
predetermined input range for said means for digi-
tizing as indicated by said digital signal samples
received from said means for digitizing, said one
analog offset signal driving the signal provided by
said means for digitizing to within said predeter-
mined input range; and

output means connected to said microprocessor for
receiving said digital output signal and generating
therefrom a target indication signal.

14. A metal detector circuit as recited in claim 13
wherein said first and second phase demodulated signals
represent quadrature phase components of said receive
signal.

15. A metal detector circuit, comprising:

an oscillator for generating a transmit signal,

a transmit coil for receiving said transmit signal to
generate an electromagnetic field,
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a receive coil in said electromagnetic field for pro-
ducing a receive signal through inductive coupling
from said transmit coil,

a first switch having a signal input connected to re-
ceive said receive signal and a control input con-
nected to receive said transmit signal,

a second switch having a signal input connected to
receive said receive signal and a control input con-
nected to receive said transmit signal,

means for providing a first relative phase shift be-
tween said transmit signal and said receive signal
provided to said first switch and for providing a
second relative phase shift between said transmit
signal and said receive signal provided to said sec-
ond switch, wherein said receive signal is phase
demodulated by operation of said switches to pro-
duce first and second demodulation signals respec-
tively at the outputs of said first and said second
switches,

means for digitizing said first and said second demod-
ulation signals to produce digital signal samples,
said means for digitizing having a predetermined
amplitude input range for said signals received
thereby,

a digital bus connected to said means for digitizing for
conveying said digital samples,

a digital memory connected to said bus, said memory
having a signal processing program stored therein,

a microprocessor connected to said bus for receiving
said digital signal samples and executing said signal
processing program to generate digital offset sig-
nals having fixed amplitudes and to generate a
digital output upon detection of an object in said
field,

a digital-to-analog converter connected to said bus
for receiving said digital output for generating
therefrom an analog output signal and for receiving
said digital offset signals for generating therefrom
respective analog offset signals,

means for combining said analog offset signals with
said phase demodulation signals,

said microprocessor producing one of said digital
offset signals when one of said phase demodulated
signals exceeds said predetermined input range for
said means for digitizing as indicated by said digital
signal samples received from said means for digitiz-
ing, said analog offset signals driving the signals
provided to said means for digitizing to within said
predetermined input range, and

output means connected to said microprocessor for
receiving said digital output signal and generating
therefrom a target indication signal.

16. A method of operation for a metal detector com-

55 prising the steps of:

60

65

generating an electromagnetic field;

producing a receive signal derived from said electro-
magnetic field wherein said receive signal is vari-
able dependent upon the presence of ferrous and-
/or conductive material in said electromagnetic
field;

phase demodulating said receive signal with respect
to the phase of said electromagnetic field to pro-
duce a phase demodulated signal;

digitizing said phase demodulated signal to produce
digital signal samples, when said phase demodu-
lated signal is within a predetermined input ampli-
tude range;
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processing said digital signal samples in accordance
with a stored signal processing program to produce
an output signal to indicate detection of an object
in said electromagnetic field,

generating a digital offset signal in response to said

processing of said digital signal samples in accor-
dance with said stored signal processing program,
when the amplitude of said phase demodulated
signal exceeds said predetermined input amplitude
range,

generating an analog offset signal in response to said

digital offset signal,

combining said analog offset signal with said phase

demodulated signal prior to said step of digitizing,
said analog offset signal for driving said phase de-
modulated signal to within said predetermined
input range; and

driving an output circuit with said output signals to

produce a response for indicating detection of an
object in said electromagnetic field.
17. A method as recited in claim 16 wherein said step
of driving an output circuit to produce a response com-
prises producing a digital display and generating an
audio tone.
18. A method as recited in claim 16 including a step of
phase demodulating said receive signal with respect to a
reference signal that is phase related to said electromag-
netic field.
19. A method as recited in claim 16 including a step of
generating an offset signal which is used to offset the
amplitude of said digital signal samples.
20. A method as recited in claim 16 wherein the step
of generating digital signal samples comprises phase
demodulating said receive signal and digitizing said
phase demodulated receive signal.
21. A method as recited in claim 16 wherein the step
of processing said digital signal samples comprises mea-
suring the amplitude of said digital signal samples and
generating said output signal to be proportional to the
amplitude of said digital signal samples.
22. A method of operation for a metal detector, com-
prising the steps of:
generating an oscillatory signal;
generating an alternating electromagnetic field by
passing said oscillatory signal through a coil;

producing a receive signal derived from said electro-
magnetic field wherein said receive signal is vari-
able dependent upon the presence of ferrous and-
/or conductive material in said electromagnetic
field;

phase demodulating said receive signal with respect

to a first reference signal derived from said oscilla-
tory signal to produce a first phase demodulated
signal;

phase demodulating said receive signal with respect

to a second reference signal derived from said .os-
cillatory signal to produce a second phase demodu-
lated signal;
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digitizing said first and second said phase demodu-
lated signals to produce digital signal samples when
said phase demodulated signals are within a prede-
termined amplitude input range;
processing said digital samples in accordance with a
stored signal processing program to produce an
output signal to indicate detection of an object;
generating first and second digital offset signals by
operation of said signal processing program in re-
sponse to said digital signal samples when the am-
plitude of said demodulated signals exceeds said
predetermined amplitude input range,

generating analog offset signals in response to said

digital offset signals,

combining respectively said analog offset signals with

said phase demodulated signals prior to said step of
digitizing; ‘

said analog offset signals for driving said respective

phase demodulated signals to within said predeter-
mined input range; and

driving an output circuit with said output signal to

produce a response, said response for indicating
detection of an object in said electromagnetic field.

23. A method of operation for metal detector as re-
cited in claim 22 wherein said first and said second
reference signals are in phase quadrature.

24. A method of operation for a metal detector as
recited in claim 22 wherein the step of processing said
digital signal samples comprises measuring the ampli-
tudes of said samples and generating said output signal
as a function of the amplitude of said digital signal sam-
ples.

25. A method of operation for a metal detector as
recited in claim 22 wherein the step of processing said
digital signal samples comprises measuring the ratio of
the amplitudes of said first and said second phase de-
modulated signals and generating said output signal
when said measured ratio is within a preset range.

26. A method of operation for a metal detector as
recited. in claim 22 including the steps of:

determining a ground cancel coefficient by compar-

ing a first reading of said phase demodulated sig-
nals taken when said field does not include mineral-
ized ground to a second reading of said phase de-
modulated signals when said field includes mineral-
ized ground; and

altering said digital signal samples by said ground

cancel coefficient to eliminate mineralized ground
effects from said output signal.

27. A method of operation for a metal detector as
recited in claim 22 including the steps of:

receiving an auto-tune command; and

determining the amplitudes of a selected set of said

digital signal samples for said first and said second
phase demodulated signals and selecting offset
quantities which’ when added to said selected set of
digital signal samples produces a null condition for

said output signal.
* * * * *



