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ABSTRACT 
 

In this paper, we propose a new speaker adaptation algorithm 
that employs vocal tract length normalization (VTLN) with 
generation-dependent acoustic models, and prove its validity 
with various generation subjects including small children and 
aged people. 

Children and aged people have particular features in their 
pronunciations. For example, children, whose articluatory 
organs are under growing, often have deficits in articulation. 
Aged people also have unique pronunciations  caused by aging 
features such as loss of their original teeth. On the other hand, 
VTL cannot be estimated only by speakers’ generation since 
VTL is highly dependent to speakers ’ individuality rather than 
generation. Though children have rather short VTLs  than adult 
and aged people, exact VTL for each speaker cannot be 
estimated without analysis of each speaker’s  voice. 

 Based on above our idea on generation features, in this 
paper, we propose VTLN with generation-dependent acoustic 
model as a speaker adaptation method suitable for various 
generations, and discuss the effect of our proposing method. 
Our results show that proposing method brings word error rate 
(WER) reduction by 52% for aged people, and by 63% for 
children. 
 

1. INTRODUCTION 
 

For home application, automatic speech recognition (ASR) 
systems must be simple to use and also robust to speaker 
variations caused by generation divergence such as children and 
aged people. But there have been few studies on ASR systems 
designed for whole generations including children and aged 
people. VTLN with frequency warping method [1] is one of 
typical speaker adaptation methods, and has been investigated 
widely. And recently, there is also a report that acoustic models 
trained with specific generation speakers are effective for test 
speakers of the corresponding generations. [2] 

Though speaker adaptation is essential to improve ASR 
accuracy for various speakers, conventional speaker adaptation 
methods such as MAP require a lot of adaptation speech and 
utterance of a lot of adaptation speech is often a demanding 
task for small children and aged people. Consequently these 

speaker adaptation methods with a lot of adaptation speech are 
not suitable for home use ASR systems.  

Our proposing new adaptation method, which employs 
VTLN with generation-dependent acoustic models , is expected 
to be very simple for users  in practical use. The method just 
requires selecting generation-dependent acoustic model and 
then to execute frequency warping according to VTL estimated 
to each speaker. Therefore this method can be applicable with a 
small amount of adaptation speech for home application of 
ASR. 
 

2. VTLN AND 
GENERATION-DEPENDENT 

ACOUSTIC MODELS 
 

2.1. Vocal Tract Length Normalization 
Method 

 
To realize VTLN with frequency warping, we employ 

following Oppenheim’s frequency warping function shown in 
eq. (1). [3] 

 
 
 
 
 
 
Hereafter, we call the coefficient α  in eq. (1) as FWC 

(frequency warping coefficient). To assign an FWC to each 
speaker, we estimate it according to following process. 

First, for each utterance, according to eq. (2) we estimate an 
optimal FWC α̂ under a supervised condition, where θ  
denotes a given model and αX  does cepstral domain feature 
parameters after frequency warping. 

 
 
 
 
 
Next, after acquiring a lot of samples of α̂  from one 

speaker, we observe distribution of FWC α̂  as Figure 1. 
Figure 1 shows a sample of intra-speaker distribution of FWC, 
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where FWCs are estimated from 100 word utterances of one 
particular speaker. As Figure 1 shows, FWC-SP, which has 
mode of the distribution, is assigned to the specific speaker.  

Here in our following recognition experiments, all the 
training speech is frequency-warped with a default FWC 

35.0=α  so that cepstrum coefficients can be interpreted as 
mel-cepstrum coefficients in sampling frequency 10kHz. 
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Figure 1: FWC intra-speaker distribution of one male speaker. 
 The arrow indicates the mode of distribution as FWC-SP. The 
utterances are 100-city name of Japan. 
 
 
2.2. Generation-Dependent Acoustic 

Models 
 

Children and aged people have their features in 
pronunciations. As shown in table 1, characteristics of vocal 
organs are different among generations. Children are in the 
condition of art iculation deficit because of their undeveloped 
organs. Aged people are generally sluggish in their lips, tongue 
and teeth movement because of their aging. In case of aged 
people, their unique features in pronunciations are caused by 
the agin g of their articulatory organs, loss of teeth, and so on.  

When listening to utterances of children and aged people, 
obviously their pronunciations are slightly different from those 
of adult speakers (aged 20 to 60). These observed facts are  our 
motivations to try to use generation-dependent acoustic models. 
Here each generation-dependent acoustic model is  a 
gender-independent model with a single mixture gaussian. 
 

Generation Characteristics 
Children 

(Schoolchildren) 
Undeveloped deficit in articulation 
organs 

Aged people  Sluggish movement of lips, tongue, and 
teeth 

Adult   VTL is a dominant factor of 
inter-speaker difference 

Table 1: Factors of each generation 
 

2.3. Definition of Adaptation Method 
 

We define three speaker adaptation methods as shown in 
table 2. Adult acoustic model is considered as a default acoustic 
model in the baseline condition. 

In table 2, VTLN means VTLN with the adult acoustic 
model, GD model means no VTLN with generation-dependent 
acoustic models , and VTLN with GD model means VTLN with 
generation-dependent acoustic models . 
 

Name Contents 
Baseline No VTLN with adult acoustic model 
VTLN VTLN with adult acoustic model 
GD model No VTLN with generation-dependent 

acoustic model (GD model) 
VTLN with GD 
model 

VTLN with genera tion-dependent 
acoustic model 

Table 2: Definition of speaker adaptation methods in this paper 
 

In evaluation, we will compare performances of Baseline, 
VTLN, GD model, and VTLN with GD model, where VTLN 
with GM  model is our proposing adaptation method for ASR 
system designed for generation divergent users . 
 

3. TRAINING AND TEST SPEAKERS 
 

Generation categories are shown in table 3 in terms of 
training speakers ’ age. The training speech is recorded in a 
silent meeting room. In aged people, 2/3 of utterances are 
uttered by over 80 years olds. 
 

Speaker 
category  

Age 

Children 7 – 12 
Adult  18 – 60 

Aged people  66 – 95 
Table3: Generation categories  of training speakers  
 

The table 4 shows the test speakers distribution. We use 
phone balanced 100-city name of Japan as a test data set. The 
test speech is also recorded in a silent meeting room. Each 
speaker utters all of test words. Half of the test speakers are 
male and rests  of test speakers are female. Half of aged 
speakers are over 80 years old. 
 

Number of speakers Category 
Gender Total 

Children (age of 7 – 12) 13 male and 
12 female 25 

Adult (age of 20 – 50) 25 male and 
25 female 50 

Aged people (age of 60 – 95) 15 male and 
15 female 

30 

Table4: Number of test speakers  
 
 

4. EXPERIMENTAL RESULTS AND 
DISCUSSION 

 
The recognition method that we use is described in reference 

papers [4][5]. We used 7 LPC-mel cepstral parameters , 

FWC-SP 



normalized residual power and delta power as feature 
parameters that are generated from speech acquired at 10kHz 
sampling frequency. 

Table 5 shows experimental results of each test speaker 
category with the adaptation methods defined in table 2. The 
results are shown in WER (%) of isolated word recognition test 
with vocabulary  size 100 words. 
 

Category 
of test 

speakers 
Children Adult 

Aged 
people 

Aged 
people 
over 80 
years 

old 

 

Age 7 - 12 18 - 60 66 - 95 80 - 95 
Baseline 11.5 2.7 8.9 12.9 
VTLN 5.7 2.1 6.2 8.8 
GD model 4.7 2.7 6.8 8.9 
VTLN with 
GD model 

4.2 2.1 4.3 5.3 

Table5: Experimental results in WER for various conditions.  
A subcategory of older test speakers  (age 80-95) in the right 

end column is  extracted from a category of aged people (age 
66-95). 
 
 

4.1. Relation Between Speaker’s Height 
and Frequency Warping Coefficient 

 
In general, a vocal tract length has positive correlation with 

the speaker’s  height. 
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Figure 2: Relation between speaker’s  height and FWC-SP, 
white-square: children, black-triangle: adult, gray-circle: aged 
people  
 

Growing taller, the vocal tract length is also expected to grow 
longer. In the viewpoint of that general idea, we observed the 
relation between speaker’s  height and FWC-SP estimated with 
the adult acoustic model. The results are shown in Figure 2. 

Regarding children and adult, their height is proportional to 
FWC-SP and mounted on the same line. But in case of aged 

people, the situation is rather different. For aged people, 
relation between height and FWC-SP has a positive correlation 
but it’s distributed broader than those of children and adult. 
Furthermore, distribution of FWC-SP of aged people is shifted 
to shorter height direction. We suppose that, as people get aged, 
their heights usually shrink with their VTLs remaining their 
original length. But that shrinking degree highly depends to 
person. 
 

4.2. The Effect of VTLN with 
Generation-Dependent Model  

 
In table 5, VTLN for adult test speakers brought WER 

reduction only by 22%, but VTLN for children is more 
effective. 

Regarding child speakers, VTLN with adult acoustic model 
provides WER reduction by 50% and generation-dependent 
acoustic model also have simillar effect. VTLN with 
generation-dependent acoustic model reduces WER by 63%. 

For aged people , VTLN with adult model reduces  WER by 
only 30%, while VTLN with generation-dependent acoustic 
model provides  significant improvement in WER by 52%. This 
suggests that generation-dependent model is essential to realize 
better performance of VTLN for aged speakers . 

When we focus on aged speakers who are over 80 years old, 
the effect of generation-dependent acoustic model is more 
remarkable. VTLN with generation-dependent acoustic model 
provides WER reduction by 59% for over 80 years old 
speakers. 

These results prove that VTLN with generation-dependent 
acoustic model can normalize individuality in spectral features 
caused by vocal tract length and also can cope with 
generation-dependent features in  speech articulation. 
 

4.3. Precision of estimated FWC 
 

In this section, we will discuss about precision of estimated 
FWC with various acoustic models. Table 6 shows  average 
FWC-SP of each speaker generation and average standard 
deviation σ  of intra-speaker distribution of α̂ . 
 

 Child Adult  Aged 
people  

Average FWC 
with adult model 0.269 0.345 0.375 

Average FWC 
with GD model 

0.336 0.345 0.368 

σ  of FWC 
distribution with 

adult model 
0.045 0.037 0.046 

σ  of FWC 
distribution with 

GD model 
0.037 0.046 0.040 

Table 6: Comparison between average FWC and average 
standard deviation of FWC using adult acoustic models and 
generation-dependent acoustic  models. 
 

At first, differences of models are clearly associated with 
their performances in table 5. For children, the average FWC 
with adult model is rather smaller than that of adult and aged 
people, but with child model, the average FWC is in the same 



level as adult and aged people. That indicates child model 
includes their character of short vocal tract length. And this fact 
encouraged us to analyze the standard deviation of 
intra -speaker FWC distribution. Table 6 shows that 
generation-dependent acoustic model decreases standard 
deviation of intra-speaker FWC distribution. 

For example, Figure 3-1 shows an intra -speaker distribution 
of FWC for 82 years old (aged) woman with adult acoustic 
model, and figure 3-2 shows that with aged acoustic model. 
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Figure 3-1: 82 years old aged women’s FWC distribution using 
adult acoustic model. 
 The standard deviation value is 0.052. 
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Figure 3-2: 82 years old aged women’s  FWC distribution using 
aged acoustic model. 
 The standard deviation value is 0.048. 
 

Obviously distribution in Figure 3-2 has smaller standard 
deviation than that of Figure 3-1 and these two distributions 
suggest that FWC-SP estimation could be more accurate with a 
generation-dependent model. 

Considering our results, we expect that generation-dependent 
acoustic model brought two effects. One is adapt pronunciation 
difference depend to generation divergence, and the other is the 
better accuracy in FWC estimation. 
 

5. CONCLUSIONS 
 

We derived the speaker adaptation algorithm that employs 
VTLN with generation-dependent acoustic models and prove 
its validity for various generation speakers including children 
and aged people. The performance of our proposing method 
was WER reduction by 63% for children and 59% for aged 
over 80 years old people. 

For children, VTL is the dominant factor of the difference 
when comparing with adult speakers. That means that 
employing a gender-dependent model and VTLN cope with a 
simillar factor each other. That’s  why either of 
generation-dependent model or VTLN is effective by itself, and 
combination of them produces a slight improvement .  

For aged people, especially over 80 years old, VTLN with 
generation-dependent acoustic model produced a significant 
improvement in recognition accuracy. We expect that 
generation-dependent acoustic model for aged speakers is 
effective by itself to represent generation-dependent features 
and also that generation-dependent acoustic model is essential 
to estimate precise FWC-SP. 

With these experimental studies  with various generation 
speakers, we conclude that this method enables  practical 
speaker adaptation for home use ASR. 
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