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Abstract. This report presents a development of a device for monitoring metal fragments in food products.
The work is focused on the software design and implementation in a prototype device. Tests have been

conducted on it to prove its operability. The offered similar developments with industrial application by

companies are at a relatively high price. This gives reason to look for a solution at a lower price with
components offered in the commercial network, using the Arduino platform. From the known methods for

detecting metal fragments, the Induction Pulse method was chosen. The present development could be
applied, for example, in small companies with activities in the food industry, in the retail network, in

catering establishments, as well as in activities from other industries. The future work on the project will be

aimed at testing the developed device with real food products and optimizations on its hardware and
software to achieve the set sensitivity and accuracy of measurements and good protection of the device from

environmental factors.

1 Introduction

Foreign bodies in food and beverages are a major
problem for all manufacturers and retailers, as well as for
end consumers. The accidental landing of unwanted
objects can happen even in the best organized
productions. The possible range of foreign bodies is
practically limitless. Various parts and fragments of
machines have the potential to become external bodies
for the final product. Factors such as the minimum size
of the captured particle, the size of the detector, the
material, shape and location of the contaminant, the
physical and chemical characteristics of the product
being inspected, the material of the packaging and other
factors.

Very often foreign bodies are metal particles. The
main problems are that the sizes of the fragments are
small, and the location, orientation, shape, metal, product
characteristics are different. This leads to the need for
devices (systems) with high sensitivity to various metals
and sufficiently high operating speed and reliability for
their application in production lines.

The detector for metal fragments (metal detector) is a
device (system) with extremely high detection sensitivity
and anti-fading ability of signals from the surrounding
environment and depth in the product under
investigation, and have a detection performance that is
high enough for food application and other industries. It
can be used to detect, for example, broken needles, wire,
copper, lead, aluminium, tin, stainless steel and other
metals that are lost or found in raw materials or finished
products.
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The control and prevention of contamination with
metal parts of the final product and machines is an
important part of any production. This makes metal
detectors widely used in various industries - the food,
pharmaceutical, chemical, textile and sewing industries,
in the production of toys, food, beverages, textiles,
clothing, plastics, chemicals, woodworking, packaging,
etc.

In the food and packaging sectors, metal detectors are
now standard. These devices serve to detect all metal
particles in the production environment, allowing their
removal from the final products.

According to the specifics of the application in
various industries, special requirements are imposed on
metal detectors regarding their sensitivity to detection,
protection against interference, high levels of dust and
water resistance, etc.

There are metal detectors for industrial applications
from different manufacturers that are suitable for
different industries and production lines, for example:

* Techic - an industrial metal detector mainly for
food, but also for other areas of the company Ren
Technology [1].

* DYX-6030 - the industrial detector is mainly used
to detect needles, broken needles, wire and other metal
particles in toys, clothing, textiles, shoes, food and other
industries;

+ Safeline Series 80 - a metal detector suitable for
bulk and packaged products, located on a belt conveyor
of the METTLER TOLEDO company [2].

There are industrial metal detectors from different
manufacturers that are suitable for different industries
and production lines. They offer excellent characteristics
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and can be applied not only in the food industry. They
have great functionality, a high degree of reliability, high
sensitivity, high noise resistance, etc., but their essential
drawback is their high price. For a small company that,
for example, deals with food production, the purchase of
such a machine represents a serious financial problem.

The present development could be applied, for
example, in small companies with activities in the food
industry, as well as in companies with other activities,
solving the problem of detecting metal fragments in
products.

In a previous development stage, a hardware
prototype of a metal detector was designed and
implemented [3], based on an Adruino UNO R3
controller [4,5], which works with the Induction Pulse
method [6]. For the needs of individual testing and
adjustment of the hardware components and modules in
the prototype, partial program fragments were created
(for outputting pulses with a certain duration and
frequency at selected outputs, for periodic measurement
of the signal to a selected analog input, for outputting of
messages to the serial monitor, etc.), but lacks its
complete software provision.

The present report examines the design of the
software provision of a developed metal detector
prototype based on the Arduino UNO platform and
the testing of its operability.

2 Exposition

2.1 Method for detection of metal fragments

There are various methods for detecting metal fragments
in products, the main ones of which are presented in [6].
The operation of the prototype metal detector is based on
the method of detecting metal fragments with a pulsed
electromagnetic field (IP system, Induction Pulse).

It is necessary to create powerful short
electromagnetic pulses from the search coil (coil) - with
a certain duration of the charging time and with a
selected low frequency. The generated pulses penetrate
the studied product and in the presence of a metal
fragment, depending on whether it is ferro-magnetic or
not and its size and the depth at which it is located, the
form of the voltage changes, which self-inducts when the
field drops, after the end of the current pulse in the coil
of the metal detector. The change in the shape of this
voltage after appropriate processing is used to judge the
presence of metal, its quantity, depth, and type. Metal
detectors built based on pulse induction are very suitable
for searching great depths - they are the only ones that
can achieve this - the depth at which they work depends
on the power of the emitted pulse.

The change of the shape of the measured input signal
(Uin) in time (T) according to the type of detected metal
is presented in Fig. 1. The input voltage Uin is the result
of the self-induction of the coil when the supply voltage
to it is interrupted. Depending on the parameters of the
winding, it is possible to obtain a short pulse with a
voltage of the order of hundreds of volts.
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Fig. 1. Change of the input signal depending on the type of
detected metal

Of interest is the accurate measurement of the
voltage at precisely selected moments, until it decreases
with time. Due to the high values of the pulse voltage at
the initial moment and its rapid change, it is difficult to
measure - this is the so-called "dead time zone" (DT).
Measurements can be made after DT when the voltage
changes relatively slowly and its level is low enough.
This is accomplished schematically by measuring the
voltage drop across a forward-connected diode in
parallel with the coil when the voltage drops to values of
0.7 V and less. The variation of the input voltage in the
absence and presence of a metal object in the field of the
coil can reach several tens of millivolts.

2.2 Functional block diagram of the developed
prototype

In [3], the hardware development of the device for
monitoring metal fragments is presented in details. In
Fig. 2 shows the functional block diagram of the
developed device for a more complete understanding of
the software part.
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Fig. 2. Functional block diagram of the metal fragment
detector
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The thick arrows in Fig. 2 show the path of the analogue
signals, the thin arrows represent the digital signals, and
the two-way white arrow between the Control and
Synchronization Block and the User Interface block
represents [12C interface for communication with the
LCD module (via an 12C adapter).

In Fig. 3 shows an example timing diagram of the
measured voltage Uin and the output control signals
from the Arduino UNO to the power switch driver (D2)
and to the three watch-memory circuits (D3, D4 and D5,
respectively). Depending on the parameters of the coil
(inductance, resistance, etc.) and the components in the
power part of the circuit, as well as on the software, the
duration of the entire measurement cycle (Tc+Tm) can
be several hundreds of microseconds up to several
hundreds of milliseconds.
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Fig. 3. Example timing diagram of the measured voltage Uin
and the output control signals

To ensure that the coil is charged with energy, a
certain time Tc is required, during which a control signal
is sent to unblock the power switch in the circuit, during
which the coil is powered. At the expiration of the period
Tc, the signal to the driver of the power switch is
interrupted, in which case it interrupts the current
through the coil. As a result of its self-induction, a
powerful electromagnetic pulse is generated around the
coil. At this moment, the voltage of the unblocked diode
in the limiter is applied to the input of the amplifier in
the circuit - about 0.7 V. When the energy of the
electromagnetic field dissipates, the voltage on the coil
decreases, and when it decreases to 0.7 V, then the time
DT has elapsed (dead time zone) and wvalid
measurements can begin.

At three selected moments (t1, t2 and t3), which are
calculated relative to the moment of power switch-off of
the coil, enabling signals for the three sample-hold
schemes are successively given - pulses with a duration
of ts. After the end of the last pulse, the stored analogue
values of the amplified input voltage from the coil are
converted to digital form by the Arduino controller,
processed appropriately, compared with set threshold
levels for the three zones in the signal, and then output

control signals to the connected LEDs and LCD module,
as well as to the serial monitor (if necessary). After
finishing the processes, a new measurement cycle can be
started in the described way.

The presence of a metal fragment in the vicinity of
the search coil results in changes in one or more of the
three measured input voltage levels relative to the
situation when there is none. Exceeding set maximum
deviations (levels) in absolute value for any of the three
zones in the measured signal is a sufficient condition for
alarming.

2.3 Algorithm of operation

In Fig. 4 shows the block diagram of the developed
general (main) algorithm of operation of the Arduino
controller.
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v
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0

Fig. 4. Generalized algorithm of work

Because some materials, salts, water, etc. in the
studied food products also lead to a variation of the
measured signals in the three zones to a certain extent, it
is possible that false detections occur when metal
fragments are missing. This requires that the device have
to be calibrated (reset) before the work with new food
product or when there is some change in the device
mounting.

In the Calibration process, a reference sample of a
food product without the presence of metal fragments in
it is placed near the search head and then the device
calibration button have to be pressed. In this moment a
set number of measurements are taken in sequence by
the device and the three measured voltage levels are
stored as digital values in its RAM memory for each of




BIO Web of Conferences 102, 03010 (2023)
FoSET 2023

https://doi.org/10.1051/bioconf/202410203010

the three signal zones and for every measurement. After
calculation of the three averaged wvalues for the
corresponding signal zones from the all calibration
measurements they are stored in the EEPROM memory
of the controller as three calibrating coefficients (levels)
in 32-bit floating point format. Alarm levels are set as a
percentage deviation from the stored calibrated levels for
each of the three measured zones in the signal.

The beginning of the algorithm corresponds to the
start of the microcontroller's software provisioning,
which is carried out after turning on the power and upon
reboot (Fig. 4). Initialization of all outputs and peripheral
modules of the microcontroller, operating variables,
communication, and LCD module is performed once.
The calibration coefficients for the measurements are
loaded from the built-in EEPROM memory, after which
welcome messages are output to the LCD module and to
the serial communication of the connected computer
with the monitor program running (Intro function).

The next part of the algorithm is executed cyclically
until the power is turned off or the controller is restarted.
A check is made to see if the calibration button has been
pressed. If pressed, the Calibration function is called,
where the values of the calibration coefficients are
updated and stored in the EEPROM memory, then a
ready message is displayed, and the event is indicated by
the three LEDs flashing. Then the algorithm continues
from the part of checking for pressed calibration button.

If the calibration button is not pressed, the algorithm
continues with a call to the Measuring function (Fig. 5),
where the current data from the signal measurements
from the search head (probe, coil) for the three working
areas are updated.

| | Measuring ‘ |

| | Reading values ‘ |

v
Data0 = Data0 + ADO
Datal = Datal + ADI
Data2 = Data2 + AD2

Data0 = Data0 / MSamples
Datal = Datal / MSamples
Data2 = Data2 / MSamples

¥

Fig. 5. Algorithm of work for measurements and averaging in
the three work zones

At the beginning of the algorithm of work for
measurements and averaging of values for the three work
zones (Fig. 5), the variable for number of measuring
samples i is set to zero. After that the call to Reading

values function is made (Fig. 6) in which are generated
control signals and are measured analogue signals from
sample-hold elements with the help of ADC module in
the Arduino controller. The currently measured values
are temporarily stored in variables ADO, AD1 and AD2
when the action returns to Measuring function. The next
step is to add these values to the current values of Data0,
Datal and Data2 accordingly.
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¥
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¥
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¥
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¥
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| SHO_;I\' -1 ‘
¥
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¥
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¥
| SH1 EN=1 ‘
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¥
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¥
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¥
| SH1 EN=1 ‘
+
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| SH]_;I\'=O ‘
¥
|| apo-apcsmormy ||
¥
‘ ‘ AD1 = ADC(SH1Pin) ‘ ‘
¥

‘ ‘ AD2 = ADC(SH2Pin) ‘ ‘

Fig. 6. Algorithm of work for generation of control signals and
for measurements in the three working zones

If the current value of counter 7 is less than the set
measuring samples number (MSamples), then i=i+1 and
the algorithm continues to new call to Reading values
function. If the made measurement cycles (i) are equal to
MSamples, then the algorithm continues with averaging
of measured values for the three work zones by dividing
the accumulated value in Data0, Datal and Data2 by
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MSamples (according to zone 1, 2 and 3). After that the
operation is returned to the main algorithm of work.

In Reading values function (Fig. 6) are generated
control signals and are measured analogue signals from
sample-hold elements with the help of ADC module in
the Arduino controller. The first in the sequence is
switching on the control signal to MOSFET transistor
IRF740 and waiting the T charge time to charge the coil.
After elapsing of the set time (in microseconds), the
control signal to the transistor IRF740 is switched off
which generates induction pulse in the coil with high
voltage. The next is the waiting of the time intervals D-
time and PB Pulsel (according to Dead Time zone and
tl in Fig. 3). The generation of the control signal for
enabling the first sample-hold element is by set pin
SHO EN=I, waiting the set time SHO time and after that
- SHO_EN=0. In the similar way are generated signals
for the second and the third sample-hold elements
according to their set times (t2 and t3 in Fig. 3).

In the last part of the algorithm for Reading values
function (Fig. 6) the hold analogue values from the three
sample-hold elements are read and converted to digital
values by analogue-to-digital converter (ADC) in
Arduino controller. The values are temporarily stored in
variables ADO, AD1 and AD2. The operation is then
returned to the calling Measuring function.

In the main algorithm of work (Fig. 4) the next step
is the call to the Calculations function, where the
deviations from the calibration values of the current
measurements for the three operating zones in the signal
are calculated and compared to set threshold values.
Next comes the output of the obtained results - on the
LCD module, on the communication interface and on the
LED indication. The algorithm then continues from the
part of checking for a pressed calibration button.

Calculations are performed for each of the three
working zones in the signal according to formulas (1) to
(6):

MSHO = 100 * (Data0 - Cal0) / Cal0 (1)
MSHI = 100 * (Datal - Call) / Call (2)
MSH?2 = 100 * (Data2 - Cal2) / Cal2 (3)

abs(round(MSHO0)) > LIMO (4)
abs(round(MSH1)) > LIM1 (5)
abs(round(MSH2)) > LIM2 (6)

where:

MSHO, MSH1 and MSH2 — percentage expression of
the difference between the current measured value for a
given working area and the corresponding calibrated
value for it;

Data0, Datal and Data2 - the current measured and
averaged value for a given working zone;

Cal0, Call and Cal2 — calibration value for a given
working zone;

LIMO, LIM1 and LIM2 — set absolute deviation limit
value in percent for each of the working zones.

To reduce the influence of noise and the number of
false triggers, the current values of Data0, Datal and
Data2 are obtained by averaging the results for each
ofthe working areas from a set number of consecutive
measurements (Fig. 5).

The three LEDs in the circuit in normal operation
mode are chosen to correspond to the three operating
zones in the measured signal - to light up when the set
threshold for the corresponding zone is exceeded. In
calibration mode, the LEDs blink at startup and when
calibration is complete.

2.4 Software development

The Arduino UNO software is implemented using the
Arduino IDE vl1.8.15 Integrated Development
Environment [7].

Used external libraries:

* Wire.h library [8]

This library allows the Arduino to interface with
various devices via the I2C / TWI interface. On Arduino
version R3 boards (with pinout 1.0), the SDA (data) and
SCL (clock) lines connected to this interface are located
on the connector near the AREF pin.

* LiquidCrystal library [9]

This library allows an Arduino board to control
LiquidCrystal Displays (LCDs) based on the Hitachi
HD44780 (or compatible) chipset found on most text
LCDs. The library operates in 4- or 8-bit mode (ie, uses
4 or 8 data lines in addition to the rs, enable, and
optionally rw control lines). Creates a variable of type
Liquid-Crystal. The display can be controlled using
either 4 or 8 data lines.

The other functionality of software is based on built-
in functions in the Arduino IDE.

For realization of time delays is used function
delayMicroseconds(TimeX), which pauses the program
for time (in microseconds) specified by the parameter
TimeX [10].

2.5 Testing the developed prototype

In Fig. 7 shows the testing with a steel bolt placed over
the coil which is covered by a sheet of thick paper.
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Fig. 7. Testing of metal detector with a steel bolt

In Fig. 8 shows a measurement with an ocsiloscope
Tektronix TDS1002 of the output signals from the
developed prototype with working software when in the
coil field is placed a steel bolt. Channel 1 is connected to
enabling control signal of the first sample-hold element
and channel 2 — to the amplifier output. The osciloscope
triggering is set to be on channel 2. From Fig. 8 can be
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seen that the generation of control signal for sampling is In Fig. 11 are shown results displayed by Serial
set at the beginning of falling part after the dead time Monitor when testing with the steel bolt in the coil field.
zone in the measured coil signal. It was detected with the change in the second working

area (A1), with the detected metal having a deviation of
about 20% above the calibrated signal level.

3 l =28 % A2 = 0 % Metal i .
a0 = 1% A e 11 a0 .pn§§nmu=M| AL
13457 A0 = 0 % Al = -3% A2 =04
13458 A0 = 3 % Al = 15 % A2 =0 %
13959 A0 = 1 % Al =-12% A2=-=0%

Fig. 11. Received calculated values for the three working zones
by Serial Monitor - test with a steel bolt in the coil field

. ) . o In Fig. 12 shows the testing with an aluminium plate
Fig. 8. Mgasured s.1gna1s when the workability test is with a in the field of the coil, and in Fig. 13 — the results of its
steel bolt in the coil field — working zone 1 testing in Serial Monitor. It is detected in the second

In. Fig. 9 are SI.IOWI.I the measured s%gnals for second working area (A1), the deviation being about 20% of the
working zone and in Fig. 10 — for the third one. calibrated level

Fig. 12. Testing of metal detector with an aluminium plate

Fig. 9. Measured signals when the workability test is with a
steel bolt in the coil field — working zone 2

Fig. 13. Received calculated values for the three working zones
by Serial Monitor - test with an aluminium plate in the coil
field

Fig. 10. Measured signals when the workability test is with a
steel bolt in the coil field — working zone 3

For testing purposes the time period for sampling of
the second working zone is wider by the others. In
normal measuring situations the time period for
sampling for the three sample-hold elements have to be
equal. The second working zone is chosen to be around Fig. 14. Received calculated values for the three working zones
the middle level and the third zone is at the lower input by Serial Monitor - test with a copper plate in the coil field
signal level.
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In Fig. 14 shows the testing with a copper plate in the
field of the coil, and in Fig. 15 — the results of its testing
in Serial Monitor.

e e e
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5938 A0 = 2% Al =7% A2=0%

5939 A0 = 2% AL=6% A2=0%

5940 A0 = 2 % Al =5% A2 =0 %

5941 A0 = 2% AL =4% A2=0%

5942 AD = 1% AL =0% A2=0%

5943 A0 = 1 % Al =2% A2=0%

5944 A0 = 2 % Al =4% A2=0%

5945 A0 = 2 % AL =7% A2=0%

5946 A0 = 1 % Al =4% A2=0%

5947 A0 = 2% Al =7% A2 =10%

5945 A0 = 3% AL=15% A2=10%

5949 A0 = 8 % Al = 46 5 A2 = 0 % Metal detected! A0 Al
5950 AD = 11 % Al = 82 % A2 = 0 % Metal detected! A0 Al
5951 A0 = 7 % Al = 55 % A2 = 0 % Metal detected' Al
5952 AD = 11 % Al = 87 % A2 = 0 % Metal detected! AO Al
5953 AD = -2 % AL = -29 % A2 = 0 % Metal detected! Al
5954 A0 =2 % AlL=2% A2=0%

Fig. 15. Received calculated values for the three working zones
by Serial Monitor - test with a copper plate in the coil field

It was registered simultaneously in two working
areas (A0 and Al), with the detected metal having a
deviation of about 10% and 40%, respectively, from the
calibrated levels.

All the conducted tests prove the functionality of the
device prototype for detecting metal fragments in food
products. The developed software for the Arduino
controller in it fully corresponds to the set functional
capabilities and work algorithm.

3 Conclusion

The developed device is operational and has been
realized as a prototype, and the values of the electronic
components have been further specified experimentally.
The developed software for the Arduino UNO controller
is for generation of synchronized control signals to the
power switch and three sample-hold circuits, processing
of the measured signals, and to output the results
appropriately to the user interface, and also to external
signaling and processes control systems.

From the obtained results, it can be seen that the used
measurement method with three selected working areas
in the measured signal from the coil is not only
applicable to detect the presence of a metal fragment but
could also be used to determine the type of metal of the
fragment. Achieving separability by type of metal
requires additional pre-processing of measurement data
to reliably extract features that could be used in a
selected classification method, including those with
artificial intelligence.

The current development can be used in the food,
pharmaceutical, chemical, textile, garment industries,
etc. A future development of the developed device can
be in the work algorithm and the source code of the
microcontroller, where recognition of individual metals
can be implemented and thus expand the application of
the system in areas where it is necessary to sort
(separate) metals (materials).

The future work on the project will be aimed at
testing the developed device with real food products and
optimizations on its hardware and software to achieve
the set sensitivity and accuracy of measurements and
good protection of the device from environmental
factors.

The present work was funded under project No. 2304E
(Increasing the effectiveness of education through the use of
information and communication technologies) for scientific
research at the Technical University - Gabrovo.
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