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控制声像距离的二维FIR滤波器设计

 汤永清, 方勇, 黄青华

上海大学 通信与信息工程学院;  丽水学院计算机与信息学院，浙江

摘要： 

声像距离控制是实现三维视听系统的关键技术之一。现有的音频环绕声技术产生的声像距离固定，且扬声器环形结

构不利于与视听系统融合。针对上述问题，本文提出一种利用线型扬声器阵列通过二维FIR滤波器控制声像距离的

方法。首先根据声波的传播特点，通过调整声源到波前的时间延迟，改变波前半径产生了虚拟声像。将时间延迟作

为二维FIR滤波器的群延迟，使滤波器具有线性相位。考虑到宽带信号，设计具有楔形过渡带的滤波器幅频响应，

使在期望宽度内形成波束。最后给出了滤波器实现步骤以及仿真结果。实验表明利用二维FIR滤波器在线型扬声器

阵列中实现了声像距离的控制，输出稳定的波束。该方法改变了声像的距离，增强了沉浸感，线型扬声器更容易与

视听系统相结合。 
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Design of Two-Dimensional FIR Filter for Distance Control of Sound Image

 TANG Yong-Qing, FANG Yong, HUANG Qing-Hua 

School of Communication and Information Engineering, Shanghai University;  School of Computer and 
Information Engineering, Lishui University, Lishui Zhejiang 

Abstract: 

Controlling Sound image’s distance is one of key techniques on three dimensional audio visual 

systems. In view of fixed sound image of existed surrounding system and circle structure of 
loudspeakers’ layout, we proposed a method to control sound image’s distance using two-dimensional 
filter in linear loudspeakers array. According to the principle of sound’s propagation, firstly, time delay 

which is corresponding to wave front at directions of radiation is adjusted to change radius of wave 
front.. The change of wave front’s radius denotes as the change of sound image’s position, namely 

virtual sound image. The time delay acts as the group delay of two dimensional FIR filter which has 
linear phase. In consideration of wideband characteristic of signal, the amplitude-frequency 
characteristics which have wedge-shaped transition are designed in two dimensional FIR filter and beams 
are formed in desired beam width. The approach to designing two dimensional filter and simulations are 
provided in the end of paper. Results demonstrated that the change of sound image is realized in linear 
loudspeakers array by designing two-dimensional FIR filter. Method we proposed can control distance of 
sound image and promote immersive feeling, and the linear structure composed of loudspeakers is 
easier to incorporate into audio visual system than surrounding system.

Keywords: sound image’s distance   two-dimensional FIR filter   linear loudspeakers array   wedge-

shaped transition   beamforming   
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