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Abstract

This paper designs and implements a MEMS digital microphone array that uses a USB2.0 interface
to synchronously transmit multi-channel audio data. By connecting the clock, control, and data
lines of the MEMS digital microphone to the USB2.0 to parallel port high-speed transmission chip,
and combining the receiving and decoding program of the host computer, a low-cost, lightweight
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microphone array acquisition system is realized, which solves the disadvantages of traditional
microphone array solutions such as expensive, complex structure, bulky, and low flexibility. It also
ensures that the array performs well in terms of sampling rate, dynamic range, signal-to-noise ra-
tio, total harmonic distortion, array element consistency, and sampling synchronization between
each array element channel. And this system can support up to 14 simultaneous microphone data
collection. The modular design allows users to design the number of microphone array elements
and the shape of the array arbitrarily in the range of 1 to 14 array elements, which improves the
flexibility of the array structure. In addition, PDM and I2S digital microphones are supported at
the same time, allowing users to choose a wider range of microphone models.
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Figure 1. Block diagram of overall hardware design
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Figure 2. CY7C68013A internal architecture diagram
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Figure 3. PDM microphone and CY7C68013A parallel port

connection diagram
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Figure 4. 12S microphone and CY7C68013A parallel port

connection diagram
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Figure 5. PDM digital microphone interface diagram
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Figure 6. PDM digital microphone interface timing
logic diagram
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Figure 7. Pulse width coded modulation diagram
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Figure 8. 12S digital microphone interface diagram
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Figure 9. 12S digital microphone interface timing logic diagram
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Figure 10. Pulse code modulation

& 10. BkoA RS EH]

128 $7- 42 5 AL £ MSM261S40HOR, MSM261S40HOR [ RAHE 22 AL M+1 dB, HAZME LT
IEF) 61 dB, HEHIGI LA AL B|-72 dB, HmBf Ay 4 MHz, SRFERSE N 24 Bit [5].

H T P PR 5 BT 22 5, 1 RV RS 22 DA AR ) R R S 3 72 S/, [ 7
A5 () 22 S0 RS £ FL A Ll LA R A5 e b S8 BB EL BT, TR, B ORAIE 22 7 XU 51 R T ) ) — B
P, FRREACHE & B 5 5 5 h ) RIS

2.4. BRIRER

ABHE A EANLE) USB #04ikH, FrUAH RN 5 V, 1 STM32 LA CY7C68013A LLJ
MSM261S40HOR 1 ZTS6032 ) LAEH LN 3.3V, BTLA, bZUHhn— ke e HiEk

AT TEAS [F] A RE A AT, o B YRR 75 (1 2SR Xl i, o CY7C68013A T STM32 Xif i I
FEELRAN G, 1 MSM261S40HOR Fl ZTS6032 1 HL M 7 1ot oK 2= 3 3 78 75 & 3 R AR Al A db i
PRI . BT, 22 RUBLER R RS 0 i AR 5 1) LP3993-33B3F.

HL YR 23 1) S R B v ) 11 o

L1 LP3993-33B3F MIC
VUSB} SYYYN VIN  VOUT vee
L LerLles GND C4——C5 —] CLK
ITlos L2 Tme‘l‘m Tms‘l’m oA
GNDII|I Y GND
LM1117-3.3 CY7C68013A
VUSB} 1 VIN  VOUT T vCccC
Co—c7 GND csco
Tma‘l’m Tm(l’lm
eS| > GND
LM1117-3.3 STM32F103
VUSB} 1 VIN  VOUT T vcc
C1 Cll‘ GND ‘ Cc12-C13
TIOG 104 l Two 104
GND'I” GND

Figure 11. Schematic of the power supply section
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Figure 12. Part of the program structure and flowchart
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Figure 13. The waveform-time domain diagram of the audio
signal collected by the microphone array and the audio signal
played by the speaker
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Figure 14. The waveform-time domain diagram of the audio
signal played by the speaker and the audio signal received by
the microphone 1

14. 17EERATBHAEINES ST | REERIR0ET - BY
1EE

DOI: 10.12677/csa.2021.111017

165

RGXIRE =SS


https://doi.org/10.12677/csa.2021.111017

Wi, T4

Out_1kHz

Figure 15. The spectrum-time domain diagram of the audio
signal played by the speaker and the audio signal received by
the microphone 1
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