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Design and analysis of direction indicating algorithm for sound reception system
based on spectral analysis of whistle signal

Hyuk-Jin Kwon' - Jeong-Chang Kim"
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Abstract: In this paper, a sound reception system using a phase difference of whistle signals is proposed and analyzed based
on spectral analysis. The proposed system receives whistle signals from four microphones installed in four different directions
with 90-degree intervals between them. The proposed algorithm detects the phase of each received signal based on spectral
analysis and estimates the direction of the whistle signal by obtaining the phase difference between the received signals from
two adjacent microphones. Furthermore, we theoretically analyze the phase difference between two adjacent received signals ac-
cording to their arrival angles and implement the proposed system using a DSP chip. In addition, the operation of the proposed
algorithm are verified using the implemented system in a laboratory environment. Experimental results show that the proposed
scheme can well estimate the direction of the whistle signal.
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Figure 2: Block diagram of the proposed scheme
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Figure 3: Deployment of four microphones

Table 1: Frequency range of the whistle according to the
size of the ship

Classification Frequency band [Hz]
Vessels of less than 20 m 250< f <700
Vessels of more than 20 m 250< f <700
Vessels of more than 75 m 130=< f <350
Vessels of more than 200 m 70< f <200
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Figure 4: Locations of the whistle transmitter and micro-
phones on a two-dimensional plane when the received angle
for M, is 0
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phones on a two-dimensional plane when the received angle
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Table 2: Specification of the DSP chip

Item Specification
Processing Core performance up to 600 Mhz
speed
Merm SDRAM : 64MB x 2chips
emoty Flash memory : 4MB
Etc. 4 serial ports

Table 3: Specification of the ADC/DAC codec

Item Specification
ADC Two 16-bit ADC
DAC Two 16-bit DAC

Sampling rate 64kHz, 32kHz, 16kHz, 8kHz
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Figure 16: Curve of the required threshold versus f
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Table 5: Average error of Af according to frequency of
the whistle signal

Frequency [Hz] 70 | 130 | 200 | 250 | 350 | 700
Average error of

A0 [rad]

0.0070(0.0127|0.0075|0.0139|0.0151(0.0177

Table 6: Average error of Af according to ¢
¢ [degree] 0 15 30 45
Average error of

A [rad]

0.0191 | 0.0096 | 0.0096 | 0.0109
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