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In this paper, we present a method to estimate an accurate real—time sound source direction based on time delay
of arrival by using generalized cross correlation with four cross—type microphones, In general, existing systems have
two disadvantages such as system embedding limitation due to the necessity of data acquisition for signal processing
from microphone input, and real—time processing difficulty because of the increased number of channels for sound
direction estimation using DSP processors, To cope with these disadvantages, the system considered in this paper
proposes hardware design for enhanced real—time processing using microphone array signal processing, An accurate
direction estimation and its design time reduction is achieved by means of an efficient hardware design using spatial
segmentation methods and verification techniques, Finally we develop a system which can be used for embedded
systems using a sound codec and an FPGA chip, According to experimental results, the system gives much faster
real—time processing time compared with either PC—based systems or the case with DSP processors,
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Fig. 1. Geometrical analysis using two microphone array.
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2. Cross—type microphone array for experiment.
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Table 1. Mapping table for sound source region.

A (0-90) | B (91-180) | C (181-270) | D (271-359)
Mrs | 0-90 0-90 91-180 91-180
M | 0-90 | 91-180 91-180 0-90
Result MaL Mes+90 Mes+90 450-Mrs
Output | 90-Mrs Ma 360-Ma | 360-Ma
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Table 2. experimental environment and hardware setup.

anechonic chamber, room acoustic
30 cm (4 condenser type)
narrow band (500 Hz), music signal

Place

Microphone gap
Sound source
Distance

2m
96 kHz
Hardware specification
Altera Cyclone ii (x2)
WM8731 (x2)
Experimental environment

Sampling Frequency
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