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ABSTRACT

Immersive multimedia requires not only realistic visual imagery but also a perceptually-

accurate aural experience. A sound field may be presented simultaneously to a

listener via a loudspeaker rendering system using the direct sound from acoustic

sources as well as a simulation or ”auralization” of room acoustics.

Beginning with classical Wave-Field Synthesis (WFS), improvements are made

to correct for asymmetries in loudspeaker array geometry. Presented is a new

Spatially-Equalized WFS (SE-WFS) technique to maintain the energy-time balance

of a simulated room by equalizing the reproduced spectrum at the listener for a dis-

tribution of possible source angles. Each reproduced source or reflection is filtered

according to its incidence angle to the listener. An SE-WFS loudspeaker array of

arbitrary geometry reproduces the sound field of a room with correct spectral and

temporal balance, compared with classically-processed WFS systems.

Localization accuracy of human listeners in SE-WFS sound fields is quantified

by psychoacoustical testing. At a loudspeaker spacing of 0.17 m (equivalent to an

aliasing cutoff frequency of 1 kHz), SE-WFS exhibits a localization blur of 3 degrees,

nearly equal to real point sources. Increasing the loudspeaker spacing to 0.68 m (for

a cutoff frequency of 170 Hz) results in a blur of less than 5 degrees. In contrast,

stereophonic reproduction is less accurate with a blur of 7 degrees.

The ventriloquist effect is psychometrically investigated to determine the effect

of an intentional directional incongruence between audio and video stimuli. Sub-

jects were presented with prerecorded full-spectrum speech and motion video of a

talker’s head as well as broadband noise bursts with a static image. The video

image was displaced from the audio stimulus in azimuth by varying amounts, and

the perceived auditory location measured. A strong bias was detectable for small

angular discrepancies between audio and video stimuli for separations of less than

8 degrees for speech and less than 4 degrees with a pink noise burst.

The results allow for the density of WFS systems to be selected from the re-

quired localization accuracy. Also, by exploiting the ventriloquist effect, the angular
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resolution of an audio rendering may be reduced when combined with spatially-

accurate video.
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