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Introduction
Speech signals are particularly complex. Time-domain, frequency-domain or joint time-frequency domain representations are all full of acoustic discontinuities generating a complex pattern difficult to map onto the communicative intentions of the speaker. The speaker himself has a major role in this mapping problem. Since acoustic features for vowels depend on the size and shape of the vocal tract of the speaker, it is entirely possible that two different vowels exhibit very similar acoustic features across different speakers. Furthermore, the same vowel might instantiate quite different acoustic patters as long as it is uttered by speakers with different vocal tract shapes (Peterson and Barney, 1952).
It seems that for Spanish vowels the first two formants (resonances of the vocal tract) F1 and F2 provide enough information to accomplish vowel categorization for individual speakers and under stable acoustic contexts. However, as can be inferred from the foregoing discussion, F1 and F2 change dramatically for a given vowel if produced by a different speaker (say, a man and a woman). In order to solve this computational problem it has been proposed that cognitive systems can execute perceptual normalization routines.
Thus, different normalization procedures have been proposed in the literature (Flynn, 2011). Following Ainsworth (1975) normalization algorithms are classified as intrinsic or extrinsic depending on the information the system is allowed to use when normalizing a given vowel or formant. For instance, a formant-intrinsic method will normalize F1 values using only F1 measurements.

In this study 4 different normalization routines (intrinsic and extrinsic) are tested in order to find out which one provides better results for Spanish vowels.
Methods
Two groups of subjects (one formed by 5 males and the other one by 5 females) participated in the experiment. All subjects had Castilian Spanish as first language and had little experience in any other second language.
Spanish vowels were recorded both in isolation and within a /pVp/ context. The acoustic waveforms were subjected to windowed Fourier Transforms and formant tracking procedures were used to measure F1, F2 and F3. F0 was also estimated from the final spectrographic representation of the different vowels. Mean values (across both conditions) of all 4 parameters were used for vowel normalization.
Results and conclusions
Four different algorithms were use in order to normalize the vowel productions: Cam-transformed frequency values as described in Glasberg and Moore, 1990; Syrdal and Gopal (1986) Bark transformation; Lobanov (1971) standardization procedure and Nearey (1971) grand-mean method.
Vowel space areas were calculated for each subject for the different normalization routines under study. To quantify the reduction of variance across different method the squared coefficient of variation (SCV) was used. To further compare how well each method behave against no-normalized raw data, we divided each method´s SCV by the Hertz SCV and this value was subtracted from 1 to give the proportional reduction of variance (PRV) across normalization algorithms.
	Table 1: SCV and PRV for different normaliztion algorithms

	
	
	

	Cam
	SCV
	0.0933
	

	
	PRV
	96.59
	

	Lobanov
	SCV
	0.0539
	

	
	PRV
	98.03
	

	Nearey
	SCV
	0.1039
	

	
	PRV
	96.21
	

	S&G
	SCV
	0.1446
	

	
	PRV
	94.72
	


.

So it seems that vowel intrinsic procedures performed better at normalizing Spanish vowels tan vowel extrinsic methodologies. Moreover, formant extrinsic methods may improve vowel normalization when used alongside vowel intrinsic algoritnms.
