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THE ROLE OF INDIVIDUALIZED HEADPHONE CALIBRATION FOR THE 
GENERATION OF HIGH FIDELITY VIRTUAL AUDITORY SPACE. 
Daniele Pralong l ,2 and Simon Carlile I 
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2: University Laboratory of Physiology, University of Oxford, U.K. 

The auditory system detennines the spatial location of a :Dund source on the basis of binaural 
timing and level cues as well as monaural filtering cues provided by the outer ear. These cues are 
described by the head-related transfer functions (HRTFs), which can be recorded close to the 
eardrum using an in-ear recording system (1). For the human HRTFs there are a number of 
spectral features between 4 and 10 kHz which could be used as cues to sound location (2). 
Furthermore, the frequency and amplitude of these features vary significantly across individuals. 
The individual variation in the HRTFs raises the issue of whether a given listener can obtain 
adequate localization cues from stimuli based on another listener's HRTFs. This question can be 
addressed using headphone stimuli, which have been convolved with the HRTFs associated with a 
particular location in space and the inverse of the headphone transfer function (HpTF). Such a 
stimulus is perceived to come from a location in space away from the head in virtual auditory 
space. Using an in-ear recording'system we have measured HpTFs (Sennheiser 250 Linear) for 
both ears of 10 subjects and found that they also display significant individual differences in the 4
1(I kHz region. Therefore, the proper reconstruction of both individualised and non-individualised 
HRTFs requires that the listeners HpTF be deconvolved from the stimulus. We have verified this 
acoustically using the in-ear recording system for both individualised and non-individualised 
HRTFs. Finally, we show that the use of non-individualised HpTFs creates considerable 
distortions in the 4-10 kHz range, which could partly account for an increased incidence of 
mislocalizations reported in previous virtual auditory space localization experiments (3). 
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The orderly tonotopic representation of the cochlea is accurately reproduced within the central auditory system of 
normal hearing animals. Any degradation of this representation as a result of a neonatal hearing loss or chronic 
electrical stimulation during development could have important implications for the use of multichannel cochlear 
implants in young children. In the present study we have used 2-deoxyglucose autoradiography (2-00) to examine 
the topographic representation of the cochlea within the inferior colliculus (Ie) of neonatally deafened kittens 
following periods of chronic intracochlear electrical stimulation. Four kittens were bilaterally deafened at 10 days of 
age using ototoxic drugs (1). Three animals were then unilaterally stimulated using charge balanced biphasic current 
pulses for periods up to 1700 h (2). The fourth animal served as a neonatally deafened control. On completion of 
the stimulation program the site and extent of neural activity evoked in the IC using a standard bipolar electrode at a 
fixed location and stimulus intensity was determined using 2-00 (3). These results were also compared with a 
normal hearing control. In all cases electrical stimulation of the left cochlea evoked clear selective labelling in the 
right IC. Some labelling was also observed in the left IC. Quantitative evaluation of the autoradiographs showed the 
peak position and the maximum level of labelling for the neonatally deafened animals was not significantly different 
from the normal hearing control. While the width of labelling was significantly less than the normal control, there 
was no significant difference between the neonatally deafened control and the three stimulated animals. These 
preliminary results suggest that the cochleotopic organization of the IC is maintained in neonatally deafened 
animals, although the extent of labelling appears to be somewhat reduced. Significantly, electrical stimulation of the 
auditory nerve during development does not appear to change this spatial representation, a rmding that contrasts with 
previous data (4). 
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