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Abstract

Metal detection equipment mainly uses the principle of balanced coil to realize the detection of
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weak metal signals as well as the rejection of metal impurities, which is widely used in mining,
security, foodstuffs and other industries. At present, domestic metal detector manufacturers of
foodstuffs industry generally use a single-frequency signal as the transmitting signal, the fre-
quency is mostly 50~300 kHz, due to the different types of metal foreign object, there will be an
inconsistent trend of sensitivity with frequency change, and high water and salt content of the
product generates a signal which is similar to the ferromagnetic material, so it is difficult to
achieve effective distinction between food and metal with single frequency. In order to make up
for the deficiency of single-frequency signal, this paper aims to realize the generation of mul-
ti-frequency transmitter signals. Firstly, we analyze the principle of selective harmonic suppres-
sion by pulse width modulation technology, establish the mathematical model at fixed frequency
components, and solve the optimization problem through MATLAB to find the output waveform
conduction angles sequence. A Simulink circuit simulation model is established and the method is
validated by using of those conduction angles, which shows that the desired multi-frequency sig-
nal can be generated on the coil load by this method. Finally, the transmitter coil is driven by a
full-bridge Class D power amplifier circuit controlled by an FPGA development board. Testing the
hardware system, the results show that by this means, we can achieve the desired PWM wave-
forms on the transmitter coil of the metal probe to realize the generation of synchronized mul-
ti-frequency metal transmitter signals. As a result, the shortcomings of single-frequency metal de-
tectors are compensated.
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Figure 1. Full bridge structure class D power amplifier
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Figure 2. Voltage waveform on coil load
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Figure 3. Current waveform on coil load
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Table 1. Experimental frequency selection
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1 50.42
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Figure 4. Desired current waveform
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Table 2. Initial value of conduction angles
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Table 3. Conduction angles before and after optimization
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Table 4. Percentage of harmonic components before and after optimization
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Table 5. THD before and after optimization
5. MULAIERNRIEEKE

B K E THD
WIAR1E 6.99%
R ERTE S 6.72%

SFEbgE BT s, AL BB VE R B N, H RN = R i 5 i T .
3. Simulink EBE&{FE

%%'5 Matlab £XA5, @3 fmincon BRHCR AL 5 1 T A, R S8 AN Simulink 177 5 2 1)
WNZH . AT TAEEGIE S PWM B, 75206 508 A 5 — e S RIE B2 1) 41 5 BB AT ELAsE, A A
Simulink H1[1) Repeating Sequence #H ™ A Ha ki, AZE AR AT @it & & Time values F1 Output values
. 0T 50.42 kHz BE4,  HE UG Time values ¥ B 4[0 1.9833e-5], output value 1 & N[0 360]. H:
1 1.9833e—5 Ry 50.42 kHz Xif it & ..

AL SR AR 1) 4 %E U4 FANEISE M, HILE 0 B n2 28, i relationaloperator Fl
logicaloperator FLH &A@ M AR R IR, S 5 Bros.

>

IA

v

AND

IA

v

AND

I\

v

AND

IA

90

v

57 07 7 he

AND

1 <

Figure 5. Comparison of conduction angles and sawtooth wave in 1/4 cycle
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Figure 9. Simulink simulation result
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Figure 10. Hardware schematic
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Figure 11. Output control signal of FPGA
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