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Abstract 

This paper deals with a way of controlling the quality of natural speech by 
manipulating such acoustic parameters as formant frequencies/ bandwidths 
and pitch frequency. These parameters were modified making use of the 
conventional analysis-synthesis system. After extracting trajectories of the 
lowest three formants, their frequencies and bandwidths at each analysis 
frame were subjected to change. Modification of pitch frequency was performed 
by changing the first peak of the spectral envelope obtained from re-analysis of 

the residual signals. 
This work was done as an internship at ATR Interpreting Telephony Research 
Laboratories. Software programs for the above methods were developed during 
the internship period. A few examples of synthesized speech by changing the 
acoustic parameters are included. 
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EXECUTIVE SUMMARY 

During my internship in ATR, I was a member of the Interpreting Telephony 
Research Laboratories, in the Speech Processing Department. 

This company needs for its future automatic intepreter a high quality voice 
synthesis system that, if possible, would be able to add some personal information to 
the outputs. 
In order to gain further insight in the contributions of the vocal tract characteristics 
and the pitch frequency to speech personality, a voice conversion by 
analysis-synthesis method was intended. I was to design it using the Linear 
Prediction method, which modelizes digitalized speech signals by a time-varying 
all-pole digital filter of which the coefficients are known as the Linear Prediction /-
Coefficients (LPC), excited by a pulse train. 

That task required the implementation of several softヽYaretools. 
Fist of all, a voiced/unvoiced/silent decision concerning the parts of the treated 
speech had to be made. Then, a scheme to extract the parameters of the model was to 
be selected. After that, a formant tracker proved necessary. Finally, a synthesis 
method was to be chosen. 

Hence, now, the analysis of a speech wave can be performed, the parameters 
manipulated, individually or not, and a new speech wave corresponding to the new 
parameters is obtained. 

¥X「henthe corresponding software worked smoothly, perceptual experiments were 
made. Even though the lack of time did not allow me to push them as far as I would 
have wished, they lead to the conclusion that, probably, the voice personality is 
more affected by formant than by bandwidths or pitch frequency manipulation. 

＼
 

l
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／
 

Now, further attempts remain to be aimed towards this direction and towards a deeper 
understanding of the dynamic features of power, pitch, and formants, and their 
relationship with speech individuality. ・'  
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ABOUT THE INTERNSHIP 

Voice personality is a complex concept. 
That matter is rather subjective, in the current state of the knowledge. As previouly 
quoted, a certain understanding of it could lead to a better speech synthesis 
technology, and that is one of the goals of ATR Interpreting Telephony Research 
Laboratories. 
It probably results from the combination of several data, both dynamic, such as 
prosody, and instantaneous, such as vocal tract co虹iguration.

The internship was focussed on the second type. Its aim was to generate a tool to alter 
them, through the use of the LPC model, which is currently a broadly used approach 
to digitalized signals. It consists in considering speech as the output of an all-pole 
time-varying digital filter excited by a pulse train. The filter provides the 
instantaneous spectrum of the signal. The difference between the modelized sequence 
and the real one is called the residual signal, and contains useful data as far as the 
pitch is concerned. 

At the beginning of the internship, I was provided with some programs that I spent 
some time rewriting. 

Then, I had to implement an analysis-change-synthesis system. 
During that process, I encountered some problems to solve and some decisions to take. 

First of all, it became quickly obvious that a kind of voiced/unvoiced/silent speech 
wave zone detector was necessary. Several ideas were put into real trial. 
The best discovered algorithm was based on the assumptions that the spectrum of a 
voiced zone has several neat peaks (the formants), and that a voiced frame allows the 
reliable extraction of a pitch value. 
So a spectral flatness measure was devised: 

•十冗 十冗

Spectral Flatness = exp(J ln IS(e陰） I d回2幻 I J I S (e jn) I dQ/2冗

ー冗 —冗

S being the z-transform of the filter, 
and a pitch pr・esence probability measure was also designed: 

b 
Pitch Presence Probability= Maximum (r(n) / r(O)) 

n=a 

r being the autocorrelation sequence of the residual signal, 
a and b, certain boundaries correponding to the range 50-SOOHz. 

An algorithm using those two measures proved extremely successful, but also 
extremely computer-time consumming. 
That consideration and others, lead me to the conclusion that a human decision was 
quicker, and maybe, somewhat more reliable too. 
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Then the choice of a method to extract the LPC was needed. I first used the covariance 
one but since the poles of the filter 1ヽereoften lying outside the unit circle of the 
complex plane, thus entailing useless data and processing, I had to switch for the 
autocorrelation method which is always stable. 

After that, a device for the three first formant tracks extraction was considered. 
Basically, it searches for the peaks of the spectrum (by means of the LPC roots 
bandwidths), and in case of several possibilities for the current zone, selects the 
closer one to the previously selected one. It is followed by a five-points error 
retrieval algorithm. 
As it proved perfection-free, again, hand corrections are needed. 

As far as the pitch frequency is concerned, all the methods I tried were unperfect, 
too. 
I chose finally to use the formula: 

b 
Pitch Period= Maximum (r(n) / r(O)) 

n=a 

r being the autocorrelation sequence of the residual signal, 
a and b, certain boundaries corresponding to the range 50-SOOHz. 

In other words, it consists in scanning the residual signal for regularly spaced peaks. 
Their distance will provide the pitch period. 
Then, a five-points mistake removin芦procedureis appended. 
And again, human assistance is required. 

All that lead to a highly-human interactive analysis design. 
To allow an easy and efficient human intervention, a previouly existing wave and 
spectrogram displayer software went into further developments. 

The manipulation of the parameters proved a rather straight[ orward task. 
Concerning the formant characteristics, the frequencies and bandwidths were 
changed by extracting the roots of the LPC, then modifying them accordingly, then 
finally computing the new LPC fitting those new roots. 
Concerning the pitch, the distance between the pulse:ヽvaslengthened or shortened, 
as it pleased. 

The last step was to implement a synthesis device to create the new speech wave 
corresponding to those alterations. 
The selected method1ヽ1asthe computation on overlapping speech zones, then their 
addition, using a Gaussian weigth, so as to give more importance to the values of the 
center the zone, which are someヽ11batmore accurate than the others. 

The following block-diagram summarizes the algorithm. 
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Then some perceptual experiments were attempted. 
They consisted in taking several people and making them listen to first the original 
speech wave, then the manipulated one. They had to decide whether it was tbe same 
person or not. It provided some recognition ratio curves. 
As I could not carry those experiments very far due to the lack of time, they are not 
comprehensive and extensive. Nevertheless, it can be stated that voice personality 
seems more perturbated by a formant frequency than by a formant bandwidth or a 
pitch frequency manipulation. 

＼
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ACQUIREMENTS 

first and foremost, Jet us note that this internship was carried out in a research 
center, and that a liberal use of its important and sophisticated tools could be 
performed. Thus the milieu ¥¥'as peculiar, propicious and profitable. 
It is hard to part all the attainments into different categories, nevertheless, three 
main domains can be defined rather clearly: the technical one, the methodological 
one, and the "human" one. 

FROM A TKHN1CAL VJEWP01l¥1' 

First of all, I have greatly improved my programming skills and my background in 
algorithmics and computer science. 
This was a necessary step for the practical mastery of the LPC method which is 
currently a most widely used (if not one of the best) approach in the field of Speech 
Processing, thus leading me to a certain proficiency at, and knowledge of it. 
On a broader basis, that specific point, blended with some readings, the regular talks 
held by researchers, their neighbourhood, and the difficulties encountered in my 
experiments, gave me a first-hand opportunity to get in touch with some of both the 
classical and the latest prob le ms and trends of Speech Processing (and somewhat also 
of Machine Translation too). 
Meanwhile, I became aware of how complex and challenging a world it is. 

FROM A METHOOOLCX,ICAしV花WPO誓

Since I was not included into any team, and since my job was rather independant 
from any larger project, my freedom was great, both in terms of local approaches to 
select and inter ms of general design to lay out. 
During my advances in Speech Processing, I discovered that many technologies are 
tricky and "kotsu", and that the knack and the trial and error attitude are badly 
needed. -
Hence, all through that formative process, I acquired a certain experience in the way 
to handle a research work. 
Iヽ;..rasalso fortunate enough to get acquointed with the Japanese management and 
work system, far from an overintellectual approach, in a practical work-a-dayヽ;..rorld.
Bluntly stating that the Nippon-style companies are at the antipodes of the 
French-style onesヽ;..rouldbe daring. Nevertheless, it can be said that in A TR, I 、;..ritnesseda system much less contentious and individualistic than what I previously 
knew. I noticed several devices to strengthen group solidarity, boost employee unity, 
and company loyalty, all that leading to an excellent working atmosphere that I 

--really appreciated. The emphasis layed on group conciousness was also noticeable in 
the;ヽ;,,・orkingstyle through regularly held meetings (in Japanese), during which 
researchers explain their latest advances. It also avoids the specialist syndrome 
where everyone can see only his own tree, but miss~s the forest. 

FROM AN甘UMAN VJE¥X1POJJ¥Tf 

The main points probably proceed from the fact that I could taste a bit of the unique 
flavour of Japan from a privilegied location, even though my knowledge of the 
Japanese language proved rather poor. 
In A TR, I could meet some "rear Japanese men and women, and thus, I deepened my 
understanding and enjoyment of that country and got rid of many a stereotype; for it 
became obvious that, all too often, the overseas opinions on Japan are not based on・ 
fullv accurate information, just like the Japanese opinions on France are, as I felt. 
Shu'ch an exposure to a new world cannot but increase one's openness. 

，
 



CONCLUSION 

The conversion by analysis-synthesis method system that I developped works. 
Nevertheless, regarding the naturalness of the output, in case of pitch manipulation, 
further improvements could probably be attained, especially by using the original 
residual signal instead of a pulse train for synthesizing, but so far, my attempts on 
that topic did not seem decisive. 
More perceptual experiments should be made, and since this was concerned only with 
instantaneous pitch frequency and vocal tract characteristics a new direction o「
investigation could focuss on their dynamics. 

As a conclusion I could say that this internship proved a thrilling experience. I have 
learned a lot about a new civilization where amidst the zooming cans of human 
sardine known as subways and the serenity of the Shinto shrines, similarities in the 
way of life between the French and the Japanese are striking. Nevertheless, they 
re main definitely d江ferent, I dare not say which is better or worse. To understand 
that country-is far else than blind teasing or admiration, and for a comprehensive 
and critical first look at Japan, I think the best way was a personal experience, e¥ren 
though a limited one. 

And also, I have learned a lot in many other fields including especially science, 
technology, and handling a research、NOfk.
But I am veryヽNellaware that I only made a petty scratch into those areas. 

/， 
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O] WARNINGS AND DISCLAIMERS 

In this appendix, the following assumptions will be made 

• We deal with digitalized signals. 

• The z-transform theory is known. 

＼
 

Unless explicitly stated on a peculiar point, it is held true that 

• z stands for a complex number. 

• x(n) stands for a sequence. 

墓 X(z)stands for its z-transfor m. 

Also, the shorthand notation "LPC" will be employed for "Linear Prediction 
Coefficients". 
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I] LINEAR PREDICTION: THE BASIC IDEA 

In first approximation, linear prediction consists in computing in advance 
the terms of a sequence by linearly combining a fixed numbe「ofthe 
previous terms. 
That 2-pproach to the signal may be translated into mathematical terms, 
thus providing the following: 

DEFINITION: 
A Linear Prediction of a sequence x(n) is a system whose output is 

m 

y(n) =こ ak* x(n-k) 
k= 1 

the input being x(n). 
Its order is m. 

The system function of a mth order linear predictor is the polynomial 
m 

LP(z) =こ
k=l 

We also define the prediction error as 

e(n) = x(n) -y(n) 
m 

= x(n) -こ
k=l 

E(z) = A(z) * X(z) 

ak * x(n-k) 

To wit, in terms of z-transform, 

m 

A(z) =こ ak* z-k , a。=1 
k=l 

ak * z-k 

These definitions and direct applications of the z-transform will lead to 
further insight in the speech signals. 

3
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II] MODEL OF THE SPEECH PRODUCTION 

¥Y/ e modelize the composite effects of radiation, vocal tract and glottal 
excitation by a time varying digital filter whose system function can be 
¥Vritten as: 

m 

H(z,n) = S(z,n) / U(z,n) = G(n) / (1 -:.Z: ak(n) * z-k) 
k=l 

That system gets excited by an impulse train (i.e. x(n) / x(p) = 1 , x(q) = 1, 
x(n) = 0 for p < n < q , and q-p is the instantaneous pitch period) for voiced 
speech, and by random noise for an unvoiced speech. 

So, this model is determined by the parameters: 

-Voiced / Unvoiced 
-Pitch period 
-G(n) (Gain parameter) 
-m (the order of the model) 

-(ak(n) } k=l,m 

They are assumed to all vary slo¥vly with time. 

Hence, a speech wave, s(n), is computed by the formula: 
m 

s(n) =ヌ ak(n)* s(n-k) + G(n) * u(n) 
k=l 

where u(n) is the applied excitation. 

／
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II] APPLICATION OF THE MODEL OF THE 
SPEECH PRODUCTION 

Assuming we are provided with a real digitalized speech wave, the 
computing of the system function of our model is equivalent to the finding 
of a linear predicton filter for this given sequence. 
Let s(n) be the given speech ¥Vave, LP(z) the system function of the linear 
predicton filter and y(n), the approximation of s(n) that the model outputs. 

The best approximation will minimize the mean square of the prediction 
error sequence, (y-s)(n). 

As the LPC vary slowly ¥Vith time, in order to compute them, we will 
assume that they remain constant on a short duration, and "<v,1e will consider 
a short-time average prediction error, and minimize it. The computed LPC 
will be valid only for that short time. 

Let us take sn(p) = s(n+p) for a segment of speech selected in the vicinity of 

the sample n. 

Min(En) = Min(I (sn(p) -Yn(p))2) 
p 

m 

Min(En) = Min(2 (sn(p) -2 ak * sn(p-k)戸）
p k=l 

(as (ak(n)) k=l,m are constant on this short-time interval, we shall drop the 

indication (n) of their time-dependency) 

Using the Lagrange theory, we set o En / o ak = 0 for 1 5-k 5-m . 

m 

We get ヌ ak*叩i,k) 叫i,O) for 1 i i i m 
k=l 

m 

and 尻= 0n(O,O) + I ak * 0n(O,k) 
k=l 

using 0 ( 
n'  
1 k) 2 sn(p-i) * sn(p-k) . 

p 

In order to apply those considerations, we need to chose the short-time 
interval. Two basic ¥vays of doing so emerge: the autocorrelation one, and 
the covariance one. 
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THE AUTOCORRELATION_METHOD 

It consists in setting sn(p) = s(n+p) "'¥V(n) 

with w(n) being a finite-length windo¥V (e.g. a Hamming window) 
such that w(n) = 0 for n 2 N and n < 0 . 
In that case, 叫i,k)= R口Ii -k I) for 1~i~m and for O~k~m 

where Rn is the short-time autocorrelation function of the sequence, 

N-1-k 

1.e Rn(k) =ヌ sn(p)"'sn(p+k) . 
p=O 

In a matrix formulation, it gives 
[ R (li-jl)] 

n i=l,m;j=l,m 
[ a. l 

1 i=l,m [ Rn(i)] i=l,m 

/ 

＼ 

THE COVARIANCE METHOD 

¥Y/e first set the interval over which the mean squared error is computed 
and the consider the impact of such a setting on the computation of 
叫i,k). 

N-1 

Hence, as we define尻=2 (sn(p) -yn(p))2 
p=O 

we need sn(p) for -m~p~N-1 

N-1 

since叫i,k)=ヌ sn(p-i)* sn(p-k) for 1 iii m and for O~ks. m 
p=O 

In a matrix formulation, it gives 
［叫i,j)] [ a. ] = 

i=l,m;j=l,m 1 i=l,m 

/
 

［叫i,O)] i=l,m 

Let us note that 0 (i k) = 0 (k,i) . 
n'n  

the name of the method is accounted by the fact that the properties of the 

matrix [叫i,j)]i=l,m; i=l,m are similar to those of a covariance matrix. 

co 
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DETERMINATION OF THE OTHER PARAMETERS 

二
It is proven that G2 = En . 

Voiced/Unvoiced Decision and Pitch Period 
As a by-p~oduct of the computation of the linear prediction error sequence, 
we can determine if the speech part seems voiced or unvoiced by examinig 
this sequence. If it looks like a random signal, we can guess it is likely to be 
an unvoiced part of the speech. If it has some periodically spaced peaks, it 
surely corresponds to a voiced part of the speech and the corresponding 
pitch period can be extracted (by computing its autocorrelation sequence 
and scanning for the maximum in the accurate range) since it is the time 
lap between the peaks. 

Soectrum 
The LPC provide a short-time spectrum approximation, because the 
frequency response of a filter whose system function is H(z) can be 
evaluated by H(ei0). 
It can be proven that theoretically the poles of the LPC lye inside the unit 
circle if we use of the autocorrelation method, whereas it is not always the 
case for the covariance method. This fact is of great computational 
importance because these poles provide an efficient approach to estimate 
the formants bandwidths and frequencies since, if the peak due to the pole 
in the spectrum correponds to a formant, they are related by the formula 
pole= exp ((-n*bandwidth + j*2*n*frequency) * T} 
where Tis the sampling period for the digitalization of the speech sample. 
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IV] CONCLUSION 

We have quickly dealt ¥Vith a model for speech production by the output of 
an all-pole digital filter whose input should be either random noise, either 
an impulse train related to the pitch, that distinction depending on the 
voiced or unvoiced aspect of the speech. 
The poles of the filter provide easily the formant parameters. 
However, it shows poorer.. results for nasals, stops, and fricatives than for 
voiced sounds. Also, it may seem that female voices are mored直 icultly
treated than male voices。

Nevertheless, because of its versatility and good results, the LPC method is 
widely used for speech processing. 

18 
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＊火＊火***************太****

19 
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x
x
x
 

UTILITY SOFTWARE 

*~xx 

＊米米****************米米********末末末X

/,~ 

。
5
'
/
~
 



＊＊＊米X火:t:t** ** :t:t ** ** :t:tt :t :t :t :tttt :t:t ** ***:t **** * 
＊＊  

* GENERAL USAGE * 
* * 
*********火*******火******:l'.:t:t'.t米**********米＊

F o J'th a t p u I'pose , sever a I she I I rout i n es we I'e de v e I opp e d . 

He!'e they nl'e. 

21 
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echo 

echo 

echo 

echo 

echo 

echo 

echo 

read m 
case $m 

ヽ

ヽ

9

9

y

n

 

*) 

esac 

echo 

echo 

echo 
echo 

echo 

echo 

echo 

!'ead m 

case $m 

"BEFORE 
.. 9ヽ

F
"
 

，` 

.• 

、

i ti 

" ,, 

F” 
｀
、
9

0

 

IT 

"ELSE, 
., ., 

echo 

exit 
．． 
'' 

IT 

"ELSE, 
・" " 

ANY TREATMENT 

IS SO, 

cd LPC 
cd TREAT: 

voicing $1; 

eel 
．． ，、

ANSWER 

ANSWER 

"BEFORE ANY TREATMENT 

" " 
IS SO, ANSWER 

ANSWER 

WE MじST

， y ， 

＇ n ， 

'answer co I'rec t I y 

，
 

y
 

・̀ 

， n ， 

A~iD GO ON" 

HD 

next 

WE MUST 

廿AVE 

VOICE 

HAVE 

'VO I C E D'TH E F I L E'' 

IT" 

time 
， 

AND GO ON" 

AND FORMANT 

/
’
¥
 

9
,
.
 

'FORM ANTED'THE FI LE" 

IT" 

in 

し

1
゜

＼

ー

、

y

n

 

', 

cd LPC 
cd TREAT; 

echo " ,, 
echo ,, " 

echo "BE『ARETO SET THE SAME ORDER OF ANALYSIS 

echo " ,, 

echo "FORMANTING 

echo 
,, ,, 

f o I'm a n t $ l ; 

cd 

＇` 

AND THE TREATMENT .• , 

＼
 

.ヽ,． 
／
 

FOR THE" 

＊） 

echo 

e Xi t 
: : 

'8nsll'el'co!'rectly next ti me・ 

esc1c 

echo 

ウ
タ

り
'
~
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echo 

echo 

echo 

echo 

read m 

case $m in 

''B E F O R E A N Y TR E A T M E N T W E M U S T S E T T H E P A R A M E TE R S'' 
" ,, 

,. A N S W E R'y' 
" ,, 

TO GO ON" 

’
~
,
＇
、
'y

*

 
'' 

echo'answer correctly next time' 

exit 
．． 
'' 

esnc 

cd LPC 
In YO l'O $ I 

cd 

C
J
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emacs /cl at a /sego t/l.PC/OLD/a _ he Ip. h 

emucs /data/segot/LPC/OLD/driv!ng 

cc /da tn/segot/LPC/OLD/foo .c -0 

a .out $1 > fi Ie_nuxi I I iary 

rm a.out 

cp /data/segot/LPC/OLD/go go 

chmod +x go 

cc /d::it::i/segot/LPC/OLD/t .h ,gen .c -0 -o t .h .generator 

m二l

g I'e p "/¥* $ m¥* / " f i I e _ 8 u x i I I i 81'y > f i I e _he I p 

If test -s a_storing 

then 

rm :t:_storing 

f i 

while test -s file_help 

do 

cat file_help /data/segot/LPC/OLD/a_he!p.h > a.h 

cp /dntn/segot/LPC/OLD/gogo.c zzzzz.c 

cc zzzzz.c -0 
n.out $1 > gogo 

sh gogo 

for toto in -Is $! .:t:.o-

do 

mv $toto $toto.$m 

done 

（ 

cd 

cd datn 

cd segot 

cd MICRO-VAX 

/-

＼ 

for toto in・1s $1.:i:.o.da・ 

do 

mv $toto $to to .$m 

done 
-. ・--

） 
m二・expr $m + I・ 

grep "/¥:1: $m¥:1:/" file_aux!lliary > file_help 

rm :1: _st o I'i n g 

done 

/’し

rm a.h file_help file_auxilliary go gogo $1 

m二l

cp /clata/segot/LPC/OLD/max_m.c zzzzz.c 

cc zzzzz.c -0 -o max_m 

r・m zzzzz. c 

max_m $m > file_help 

while test -s file_help 

do 

4
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if test -s $1.$m.o.l 

then 

f o l't o t o i n・I s $ I . $ m . o . *・ 
do 

cat $toto≫$1.$m.o 

rm $toto 

done 

（ 

cd 

cd data 

cd segot 

cd MICRO-VAX 

f o l'to t o i n・I s $ I . $ m . o . d a . :t・ 

do 

cat $toto≫$1.$m.o.da 

rm $toto 

done 

） 

f i 
m二・ex p I'$ m + I・ 

max_m $m > file_help 

done 

rm max_m file_help t.h.generator 

5
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I* or cl e I'o f I i II ea I'p I'e d i c t i o n :t. I 
tlciefine M 15 

/tfrequency of sampling in kHz :t/ 

廿clefin e kllz_SAMPLING_FREQUENCY 12 . 0 

/:tprecision of the 88irstow iter8tion 

11hich provide the roots of A(z) ;t:/ 

廿define EPSILON le-G 

／ :tm8x1mum of data :;:/ 

／火we must a cl d 2 , e I s e the p !'o g !'am becomes¼i I cl , an cl I cannot f i g ti I'e o u t why 出／

廿define MAXI 「•I U M _ 0 F _ D A T A L A S T S A M P L E -F I R S T _ S A M P L E + 2 

I* sh i f t o f t he f I'a me 

!ldefine FRAME_SHIFT 

未／

32 

/tlength of the frame 

廿define FRAME_LENGTH 

:t:/ 
256 ／

ー
＼

/
 

(
_
 

Cio 
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廿include <stclio.h> 

lldef ine STEP _SPEECH_FRAMES 500 

main (argc、argv)

int a I'gc ; 

ch a I':ta I'g v [ J : 
/ :tt h i s pro g ,, am !'ea d s a f i I e 8 !Id de t e !'m i n es i ts s i I en t zones f o I' 

optimiziug Its slicing for a voice-treatment :t/ 

｛ 
char file[81],toto[81]: 

i n t max_ f I'am e 二 0 ; 

i n t i , j , k ; 

F I LE :t f i I e _ p o i n t e I'; 

flout :tvoicing ; 

st I'C p y (f i ! e , 8 I'g V [ ! ]) ; 

strcat(file,"_voicing"); 

．，＇ L
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＿
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/

i

o

r

e
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9
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＂

n

f

(

 

i

t

 

o

o

e
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l
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l

 

o

o
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r

x

 

t

t

f

e
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p

e

l
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t

y

f

 

p

a

p

(

 

c

c

e

(

 

ヽt

t

t

f

 

s

s

s

i

 

~•hi le (getc(f! le_pointer) != EOF) 

max_fr'ame++; 

max_frame /= sizeof(float) ; 

rewind (file_pointer) ; 

if ((voicing 二 (float :i:)mal loc(sizeof(float):i:max_frame))== NULL 

｛ 
pr i n t f (''e I'r o r¥n ") ; 

exit ()  ; 

J 
if (fread(voicing,sizeof(float),max_frame,file_pointer) != max_frame 

｛ 
p I'i n t f ("err o I'¥n ") ; 

exit ()  ; 

l 

K 二 i二 0

j 二 I : 

11 h i I e ((k  < m 8 x _ f l'8 me) & & (:r (v o i c i n g + k) =二 183.00)) I;++ 

11hile (k  < max_frame-1 

｛ 
PI'intf(''~define FIRST_SAMPLE %d 

p I'i n t f ("/ * % d * /¥n " , j) ; 

''. k*32); 

27 
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i = k + STEP _SPEECH_FRAMES ; 

if (i >二 mn x _ f I'a me - I) 

｛ 
pr i 11 t f (''廿define LAST_SAMPLE 

p I'i n t f ("/ * % d * I¥n " , j) ; 

lJl'eak; 

） 

｛ 
while (:i:(voicing+i) ! 二 183.00) j--

K 二 i

l 
if (i ! ニ max_fi'ame - I) 

p I'i n t f (''!l def i n e LAST_ SAMPLE % d " , i * 3 2 -I) ; 

%d '', (ma x _ f l'8 me -I) t 3 2 + 2 5 G) : 

else 

else 

printf("!ldefine LAST_SAMPLE 

p I'i n t f ("/ * % d *I¥n " , j) ; 

j++ ; 

l 

%d ", (max_frame-1)*32+25G); 

/' 

＼ 

＼
文

．．
 
／
 

e
3
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case $1 in 

S:,'IICOV8!') 

echo 

echo 

echo 

echo 

echo 

zzzzzzzzzzzz.c 

. l1 i n c l u cl e'., .. "$ 4 ..'..'> > z z z z z z z z z z z z . c 
．， 

>> zzzzzzzzzzzz.c 
'.  TTl8 In () 

， 
> > ZZZZZZZZZZZZ. C 

! ≫zzzzzzzzzzzz .c 

'printf("main_syncovar %If %lf %lf %If %1f",BQ[O],BQ[l],BQ[2],FS3,P_S); ＞＞ 

ec Ii o)  > > zzzzzzzzzzzz. c 

echo '' >> zzzzzzzzzzzz.c 

cc zzzzzzzzzzzz.c -lm -0 

8.out > zzzol 

if test -s m8in_syncoY81' 

then echo '' 
else cc /d8ta/segot/LPC/TREAT/_synthesls.c -lm -0 -o main_syncovar 

f i 

!'m a . out z z z z z z z z z z z z . c 

echo "$3 $2" I sh zzzo I > $3 

I'm zzz o I 

'' 
covar) cat $4 /data/segot/LPC/TREAT/_analysis.c > zzzzzzzzzzzz.c 

cc zzzzzzzzzzzz.c -lm -0 

a .out $2 $3 

I'm zzzzzzzzzzzz.c a.out 

'' 
:t) echo "bye-bye" 

.. 
'' 

esnc 

，
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廿include "/data/segot/LPC/OLD/d!'ivlng" 

ma i n (a r g c . a I'g v) 

int argc : 
ch a1、:t:argv[J;

｛ 
double id: 

if (BW_STEP 

else 
｛ 
id= 
if 
else 

1887 

5

0

 

•. 

5

0

 

0

2

 
.
.
 

0

2

 

f

ー
ー
ニ

i

l
二

I

I

V
 
>
 

d

d

d

d

 

・1

i

i

、,`
，ヽー'、
1
H
,
1
,

f

f

f

f

 

・1
・

・

ー

id 

p I'i n t f ("d o u b l e 

。

＜
 

BQ[ 

t.h.gen.c 

0 . 0 

3
 

id= 

＝ 

I . 0 

l d ＝ 

Page 

＋
 

% l f , 

(double)( 

(double)(- BW_RANGE + 8toi(argv[l] 
(id<O.O)ld-=l.O; 

if (id > = 0 . 0) id += I . 0 ; 

id 

1 . 0 

% l f, 

id 

BW_RANGE 

:t BW_STEP); 

／
 

id =2.0/3.0 
id 二 I. 5 ; 
id/= (I -
id -ニ 1.0

、

9
,
¥

,'~\ 

rー

4
% l f]; ¥n", id, id, id); 

if (FS3_STEP == 0) id= FS3_RANGE; 
else id= (double)(-FS3_RANGE+ ato! (argv[2] 
pl'! n t f (''~d e f i n e F S 3 % l f¥n'.', i d) ; 

:r FS3_STEP) 

if (P!TCH_STEP 二= 0) id 二 PITCH_RANGE ; 
else id= (double)(-P!TCH_RANGE+ atoi (argv[2]) :t PITCH_STEP) 

Pl'int f ('汀~define P_S %lf¥n", 1.0 +id); 

/

¥

.

 

,'’ 

(U 

{
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廿include "I cl at a/ s ego t/ LP C / 0 L D / d r i v i n g ,. 

ma in (a r g c , c1 t'g v) 

Ch a l'*al'g V [ J ; 
int argc; 

｛ 
ill t 
ill t 

i , 

t I 
,
2
 

t
 

.
J
 

k
 

, ff I 
t3 ; 

ff 2 ff3 

？
？
？
 

•
9
.

，
.
，
｀

9
,

｀
ー
、
、

1

、

p
 

P

P

E

0

 o・o 

E

E

T

 

T
T
S
-
l
ーーニ

s
s
-
l
-

＝l=l 

l
-
"
3
"
“
 

w
"
3
C
ー

2

3

B

S

T

t

t

t

 

F

I

 

p

(
（

（

 

i

-

＝ーニ

=l-
―――― 

ー

2

3

1

2

3

f

f

f

 

t

t

t

f

f

f

 

2:t BW_RANGE / ((BW_STEP==O)?l:BW_STEP)+I ; 
2:t FS3_RANGE / ((FS3_STEP==O)?l:FS3_STEP)+I ; 
2:t PITCH_RANGE / ((PITCII_STEP==O)?l:PITCH_STEP)+I 

p I'i n t f ("g O C O V a I'% S % S a . h¥n ,, , a I'g V [ l ] , a I'g V [ I ]) ; 

f o !'(i = 0 ; i < f f I ; i + +) 
for (j = 0 ; j<ff2 ; j++) 

for (k 二 0 ; k<ff3; ++k) 

p I'i n t f ("t . h . g en er a t o r % d % d % d > t .h .%d¥n ", i, j ,k, l+ff2:tj+ff l:tff2 
* i); 

i<ffl ; i++) 
j二 0 ; j<ff2 ; j++) 

for (k = 0 ; k<ff3; ++k) 

p I'int f ("go sync ova r %s 
+ffltff2米i,I +ff2tj+ff ltff2* i); 

for •
9
,

し

o
r
 ゚

―-
f
 

%s.%d.o t .h .%d¥n ",argv[ I J ,argv[ I J, l+ff2:t:j 

31 
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e m 8 C S _ V O i C i II g _ t ll t O I'i 8 I 

cd 
cd MICRO-VAX 

eel NAKA 

pclisp $1 

cd 

cd LPC 

eel TREAT 

/-

＼ 

／
ー
＼

2’-~ 3
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echo 

echo "GIVE THE ORDER OF THE ANALYSIS (DEFAULT 21)" 
echo 

read m 

case $m in 

[0-9][0-9]) if test $m -le 31 

f i 

t h en e ch o''0 K , I TAK E $ m AS TII E AN ALYS I S O RD ER " 

e c h o''I N CA SE O F U I S S AT I S FA CT I O N H I T TH E -C K E Y " 

e I s e e ch o''I U l SSA GR EE , I TAKE 2 I AS T HE A N ALYS I S OR DER'' 
echo "IN CASE OF DJSSAT!SFACTION HIT THE -C KEY" 
$m 二 2I 

echo "~define M $m" > zzzzzp.c 

echo "廿define M $m" > zzzzzzp.c ; ; 

:i:) echo "I DISSAGREE, I TAKE 21 AS THE ANALYSIS ORDER" 

echo "IN CASE OF DISSATISFACTJON HIT THE -C KEY" 

echo "~define M 21" > zzzzzp.c 

echo "~define M 21" > -zzzzzzp. c , , 

esac 

cat /data/segot/LPC/TREAT/preleminary_formant_analysis.c≫zzzzzp.c 

cc zzzzzp.c -Im -0 

a. OU t $1 > ZZZZZPZZZZZZZ 

cc /data/segot/LPC/TREAT/first_t1'eatment.c -Im -0 

a.out < ZZZZZPZZZZZZZ 

I'm ZZZZZPZZZZZZZ a. 0 ut 

rm zzzzzp.c 

eel 

cd MI* 
cd NAKA 

echo " " 
echo "VAL I DATE THE RESULTS CONCERN I NG THE FORMANT TRACKS" 

echo 
,, ., 

echo''AND USE THE pdisp SOFTWARE FACILITY FOR IT" 
echo " " 

pdisp $! 

echo " ,, 

e c h o''A R E TH E R ES U LT S CO NC ER N I N G THE FOR MA NT TR A CK S GO O D ENO U G H ? (y / n) " 

echo " ,, 

J'ead m 
case $m in 
y) cd _ 

cd LPC 

cd TREAT 

cat second_treatment.c≫zzzzzzp.c 

cc zzzzzzp.c -lm -0 -o second_treatment.out 
second_treatment.out $1 lissage 

I'm / d 8 t a / s e g o t/ M I CR O -VA XI$ I _ f o r ma n t s _ v a l i d 8 t i o n 

r m s e c o n d _ t !'e a t me n t . o u t z z z z z z p . c 

e Xi t 

*) cd 

33 



eel LPC 

eel TREAT 
cat seconcl_tl'eatment.c >> zzzzzzp.c 

cc zzzzzzp.c -lm -0 -o second_t!'eatment.out 

NOV 20 18:40 1887 formant Page 2
 

rm zzzzzzp.c 

w h i I e t es t -s / d a t a / s e g o t/ M I C R O -Y A X / $ l _ f o I'm a n t s _ v a I i d a t i o n 

do 

cd 

cd LPC 

cd TREAT 

second_treatrnent.out $1 

cd 

cd MI* 
cd NAKA 

echo " ,, 

echo "CHECK THE RESULTS CONCERNING THE 

echo " " 
echo ,, " 

echo "AND USE THE pdisp SOFTWARE FACILITY 

pdisp $1 

echo " " 
echo''ARE THE RESULTS CONCERNING THE FORMA!iT TRACKS GOOD ENOUGH? 

echo " " 
read m 

case $m in 

y) second_treatment.out $1 lissage 

rm /data/segot/MICRO-VAX/$l_formants_validation 

t'm s e c o n d _ t r e a t rn e n t . o u t ; ; 

*) ; ; 

esac 

done 

no_lissage 

( 
ク・

＼ 

FORMANT TRACKS" 

FOR IT" 

(Y /n)" 

、q

esac 
／

＼

 

9

,

 
9

9
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echo 
echo'Give the name of the speech piece to' 
echo'compute the recognition rate of' 

echo 
read file 
if test -s recognltion_rate_of_$flle 
t hen I'm rec o g n i t I o n _ r a t e _ o f _ $ f i l e 
f i 

cc /datn/segot/LPC/L!STEN/alpha.c -lm -0 -o alpha 
cc /data/segot/LPC/L!STEN/beta.c -lm -0 -o beta 
for! in・1s *$file*output*-
do 
if test -s recognition_rate_of_$file 

then 
cat recognltion_rate_of_$file I alpha $i > zzzzzz 
m v z z z z z z ,, e cog n i t i on_ I'ate_ o f _ $ f i l e 
else 
beta< $i > recognition_rate_of_$file 

f i 

echo''$ I t a ken i n t o account " 
clone 
rm alpha beta 
cc /data/segot/LPC/L!STEN/chal't.c -lm -0 -o chart 
c h a r t < re c o g n i t i o n _ r a t e _ o f _ $ f i l e > c h a 1・t _ o f _ r e c o g n i t I o n _ r a t e _ o f _ $ f i l e 
rm chart 
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cc /data/segot/LPC/LISTEN/1 isten_treat .c -0 -l m -o 1 i s ten_ t I'ea t 

echo'Give you1'n8me, 

re8d name 

just one, please.' 

for file 

8 

in /data/segot/MICRO-VAX/lerat.aiueo.l.o.da /data/segot/MICRO-VAX/jean.aiueo.l .o.cl 

廿we m8Y also 

廿for file in 

t I'y a c om p I e t e t est , bu t I t ma y t i I'e t he 

'ls /data/segot/MICRO-VAX/::1:. I .o .da・ 

I i s ten e I'-g u i n ea pig 

do 

I i st en_ t I'eat $name $ f i l e 

echo ,' 

echo 

echo 

echo 

echo' 

sleep 2 

done 

/
 ＼
 

I'm I i s t e n _ t I'e a t 

｝ヽ‘
 

'
ー
し

／
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廿incI u cl e "/data/segot/LPC/OLD/driving" 

m<1in(argc,a!'gv) 

int nrgc; 
ch a ,, * n r g v [] ; 

｛ 
int 

int 

int 

for 

• ．
 c

o
 

｀
 、ニ

，
 b

t

 

x

u

 

a
,
p
 

r
n
n
 

`
l
a
,
1
 

二 0 : 

i 11 PU t 
< st!'len (argv[I]) ; j++ J 
i n p u t * I O + (i n t) (* (a I'g v [ I ] + j) (i n t) ( '0' 

8 = PITCH_STEP 
b = FS3_STEP 
c = Bil'_STEP 

if (a == 0)  a=  

if (b 二= 0) b ニ

if ( C ニニ 0 ) C = 

imnx = 1+(2米PITCH_RANGE/n+I) + (2:tFS3_RANGE/b + I) * 

(2*FS3_RANGE/b + (2:tBW_RANGE/c + I) * 2:tBW_RANGE/c 

input<= !max) printf ("%d¥n", imax-input) ; f
 

~99 
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廿include <stdio.h> 

!iinclucle <math.h> 

In a i ll (a I'g C'a  I'g V) 

int a,, gc : 

char *argv[]: 

［ 
cha I'c: 

FILE *TOTO: 

int i . j , k 

TOTO二fopen(argv[I],"r"); 

while(scanf("clef %d 1・ecognition rate %d / %dYn",&i,&j,&k) == 3 

［ 

f scan f (TO TO ,''% c¥n" , & c) ; 

if (Cニニ 'y,)

j ++ ; 

p r i n t f (''c l e f % d I'e c o g n I t i o n I'a t e % d / % d¥n " , I , j , k + I) ; 

l 
fclose (TOTO 

l 

/
 

＼
 ＼
 

／．．＼ 

rl
パ）3
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廿include <stclio.h> 

llinclude <math.h> 
ma In () 

｛ 
ch a J'c: 
FIしE*TOTO; 
i 11 t j , k ; 

int i : 
st a t i c ch a,, v a I u e [ I 2 I ] [ 8 J二｛
"7 8 2"、"I 2 2 " , ,. 4 8 5 " , ., 8 7 0 " , " I 5 5 " , "8 I 5 " ,''I 2 4 4'', "2 8 8 " , " I 2 8 8 " , " I 8 8 " , 

''3 8 7'',''I 2 I I'', "5 I 8 " , "8 4 8 " , " I 2 7 7 " , "2 5 4 " ,''5 7 3 " , " I 2 5 5 " ,''5 9 5 " ,''2 4 3'', 
"5 2 8 " , " I 2 8 8 ., ,''I 8 8'', "G 8 I " , " I 2 3 3 " , " 8 2 8 " , " 7 2 7 " , "2 I O " , " I 2 0 0 " , " 8 0 4 " , 

"3 2 0 " , " I 3 I O'', "2 8 7 " , "5 5 I'', " I I O I " ,''I 8 9 " , " 9 2 5 " , " 2 7 G " , "7 7 I " , " 8 0 8 " , 
''2 2 I " • "G 9 4 " , "I I 8 7 " , "I O O " , "I O 2 4 " , "2 3 " ,''I 2 2 2 " ,''4 5 " , " I I 4 5 " , "3 4 " , 
"9 0 3 ,.、 "2G 5 ", "8 3 7 ","IO O 2", "17 7", "GI 7", "2 3 2", "I I 5 G", "5 8 4 ", "5 6", 
''I 3 2 I " ,''4 7 4 " , " I " ,''7 8 0 " , "6 3 9 " , "8 5 0 " , "3 0 9 ., , "9 3 6 " , "3 3 I " , " I I 2 3 " , 

,'G 7 2'', " I I I " , " I I I 2 " , "3 6 4 " , " I O 3 5 " , "4 0 8 " , " I 2 G 6 " , " I 3 3 " , "7 I G " , "3 7 5 " , 

''9 5 8 " , "G 7 " , "4 3 0 " , " I O 5 7 " ,''4 4 I " , " I O 4 G " , " 6 8 3 " , " I I 3 4 " , "4 5 2 " ,''I I 7 8'', 
,. 7 4 9'', "4 6 3'', " I O 6 8 " , "4 S G " , " I O 7 9 " , "5 0 7 " , "7 8 " , "7 9 3 " ,''8 9 " , "8 8 2 " , 
,'G 2 8 ", "8 8 I ". "I O 8 0 ", "5 8 2 ", "I I 8 9 ", "I 2", "IO I 3 ", "7 3 8 ", "I 4 4 ", "7 0 5 ", 
"9 4 7 " , "3 5 3'', "8 8 0 " , "4 I 9 " , "8 5 9 " , "3 8 6 " , "9 9 I " ,''3 4 2 " , ., 9 1 4 " , "5 4 0 " , 
''S 8 9" 
j; 

i=O; 
while (scanf("%c¥n",&c) --

｛ 
if (c=二 'y')

j = 
else 

j 二 0 ; 

printf("clef %s recognition rate %d / 1¥n",value[i],j); 
i ++ ; 

｝ 
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廿include <stdio.h> 

廿include <math.h> 

!lclef ine ST 11 

main () 

｛ 
int i , j , k; 

float rate [ ST ] [ ST ] 

for(i=O;i<ST;i++) 

for (j=Q;j<ST;j++) 

rate[i][j]二0. 0 ; 

while ( scanf ( "clef %d recognition rate %d / %d ¥n" , &i , &j , &k ) ニニ 3 

!'ate [ ((i-1)%(STtST))/ST J [ (i-1)/(ST:i:ST)] = (float)j / (float)k 

fol'(i二ST-I : i >二 0: i --) 

｛ 
for (j=O;j<ST:j++) 

printf("%.2f " , !'ate [i][j]) 

p I'i n tf ("¥n ") ; 

｝ 

/

＼

 
9... 

／ 

'・ 
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liinciucle <stclio.b> 
liinclucle <mnth .h> 

m;i in (aJ'gc , a1'gv 
int nrgc ; 

ch 8 J'* a I'g v [] 

｛ 
FILE :tresults; 
char v . huffer[IOO] ; 
static char value[I21][8] 二｛
"7 8 2 " . " I 2 2 " ,''4 8 5 " , "8 7 0 " , " I 5 5 " , "8 I 5'',''I 2 4 4'', "2 8 8 " , " I 2 8 8 " ,''I G G " • "3 8 7 " , " I 2 I I " • "5 I 8'', ,. 8 4 8 " , 
" I 2 7 7 " , "2 5 4 " , "5 7 3 ., , " I 2 5 5 " , ,. 5 8 5 " , ,, 2 4 3 " , ,. 5 2 8 " , " I 2 8 8 " , " I 8 8 " , "G G I " , " I 2 3 3 " , "8 2 G " , 

"7 2 7 " , "2 I O'', " I 2 0 0 " , "8 0 4 " ,''3 2 0 " , " I 3 I O " , "2 8 7 " , "5 5 l " , " I I O l " , " I 8 8 " ,''8 2 5'', "2 7 6'', "7 7 I'', 
"G O G " • "2 2 I'', "G 8 4 " , " I I G 7 " , " I O O " , " I O 2 4 " , "2 3 " , " I 2 2 2 " , "4 5 " , " I I 4 5 " , "3 4 " , "8 0 3 " , "2 G 5 " . "8 3 7 " • 
" I O O 2 " . " I 7 7 " , "G I 7 " , "2 3 2 " ,''I I 5 6 " , "5 8 4 " , "5 G " , " l 3 2 I " , "4 7 4 " , " I'', "7 G O " , "G 3 8 " ,''G 5 0 " , 
"3 0 8 " ,''8 3 G " • "3 3 I " , " I l 2 3 " , "8 7 2 " , " I l l " , " l l l 2 " , "3 G 4 " , " 1 0 3 5 " , "4 0 8 " , " I 2 6 G " , " I 3 3 " , 

''7 I 8 " , "3 7 5 " ,''8 5 8'', "6 7 " , "4 3 0 " , " I O 5 7 " . "4 4 I'', " l O 4 G " , "G 8 3 " ,''I I 3 4 "、 "45 2 " , " I I 7 8'', "7 4 8 " , 
"4 G 3'', " I O G 8 " ,''4 8 G " , " I .0 7 8 " , "5 0 7 " , "7 8 " , "7 8 3 " , "8 8 " , "8 8 2 " , "8 2 8 " , "8 8 I " , " I O 8 0 " , 
''5 G 2 " • " I I 8 8 " , " I 2 " , " I O I 3 " , " 7 3 8 " , " I 4 4 " , "7 0 5 " , "8 4 7 " , " 3 5 3 " , " 9 8 0 " , " 4 I 8 " , "8 5 8 " , 
"3 8 8"、"89 I ",''3 4 2'',''8 14 ., , "5 4 0 ", "8 8 8" 
) ; 

int i ; 
c h a r b e g i n [ 2 0 0 J , I'o I'o [ 2 I O ] ; 
ch a r I'esp on s es_ buff e I'[ 2 0 0] ; 

st l'C p y (buff el', a r g v [ 2]) 
buffer[strlen(buffer)-7] 

i=22; 
wh i 1 e (buffe1'[i] ! ニ '¥0')

｛ 

， 
, ¥0, 

buffer[i-22] 二 buffer[i]
i ++; 

l 
buffer[ i-22] 二 buffer[i]

strcpy (begin , "cd;cd MICRO-VAX;daout -f J2 "); 

eheheh 
i =O: 
printf・("Compare this utterance¥□") 
s tr c p y (I'o r o , be g i n) ; 
st!'ca t (r o !'o , buffer) ; 
st r cat (r o I'o , " . 6 6 I . o . d a ; c d ; c d LP C ; s I e e p I " 
system (roro) : 
pr i n t f ("W i t h t h e f o I I ow i n g u t t e I'a n c e¥n .,) : 

St I'C p Y (I'0 I'0 , beg i n) : 
St !'C a t (!'0 I'0 、buffer) : 
St I'C 8 t (!'0 !'0 . .)  : 
st ,, ca t (r or o , v a I u e [ i ]) : 

st J'ca t (r or o , " . o . d a : c d : c d LP C ") 
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sys t em (r o I'o) ; 
p 1, i n t f ("  I s i t t he same person? y f or yes , n for n o , r for re Pe at¥n'') ; 

responses_buffer[O] = getch:n () ; 

V 二 getchar () : 

Nov 20 18:45 1887 listen_treat.c Page 2 

printf("¥n¥n¥n¥n¥n "); 

s w i t c h (r e s p o n s e s _ b u f f e !'[ i ]) 

｛ , , 
case y 

， 
case n 

', case r 

default 

b1'e8k ; 

goto eheheh ; 

b 1'88 k ; 

p I'i n t f ("Answer y , 

goto eheheh ; 

b1'e<1k ; 

n, I', or c, please!¥n¥n¥n¥n"); 

＼
 

／
 

9., 

i = l : 
beginning :、
while (i < 121 

｛ 
p I'i n t f ("Compare t h i s u t t er an c e¥n'') 

st I'c p y (r or o , beg i n)  ; 

s t I'c a t (I'o r o , b u f f er) ; 

s t 1・c a t (!'o r o , " . 6 6 I . o . d a ; c d ; c d L PC ; s I e e p 1 ") 

system (rol'o) ; 

p1•intf ("With the following utterance¥n"); 

Stl'CPY (1'01'0, begin); 

St l'C a t (I'0 I'0 , b ll f f e I') ; 

S t I'C a t (I'0 !'0 , " . ") ; 

S t I'C a t (l'0 I'0 , V a I U e [ i ]) ; 

strcat (roro , ".o.da;cd;cd LPC") 

s y s t e m (I'o r o) ; 

p I'i n t f ("  I s I t t h e s a me p er s o n ? (y f o r y e s / n fo I'n o / l'f o r r e P e a t¥n'') ; 

p 1・i n t f ( ''c  for co 1・rec t i n g the pre v I o us answer)¥n ") ; 

printf ("  (%d / 121)¥n",i+I); 

responses_ buffed i J = getchar () ; 

v = getchar () ; 

printf("¥n¥n¥n¥n¥n"); 

s w i t c h (r es p o n s e s _ b u f f e I'[ ! ]) 

｛ 
case 

, , 
y 

case'n' 

case I' '' .. 
case c 

default 

/

¥

 

f
 

i ++ ; 

break 

b1・eak 

i -- : 

br・eak : 
p 1・i n t f (.. Ans we 1・y , 

break ; 

n. 1・. 01・c. please!¥n¥n¥n¥n''): 
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strcpy (begin , rirgv[I] 

st I'c ri t (beg i n , " .'') : 

Nov 20 18:45 1887 listen_t1'eat.c Page 3 

strcat (begin , buffer) ; 

st I'c n t (beg i n , " . o u t p u ts ") ; 

1・esults = fopen (begin,''w'') 

f O I'(i 二 0 ; i < 121 ; i++) 

fpt'intf (results , "%c¥n", responses_buffer[i]) 

printf("Thank you for your help¥n"); 

l 
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廿define FS3_RANGE 10 

!ldefine FS3_STEP 0 

/:t Here , the bandwidth are given in additional percent change :t/ 
廿define Bll'_RANGE 5 

!:!define BW _STEP 0 

I* If e I'e , the p i t ch i s g i v en i n a cl cl i t i on a I percent ch n n g e * / 
廿define PlTCH_RANGE 5 

llclefine PlTCII_STEP 0 

／ど

＼ 

/

’

¥
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******"'****************************************** 
＊

＊

＊

 

ESTIMATING THE THREE FIRST FORMANTS 

*~** 

*******火*****************************************

The shell routine'formant'does it. 

I t usage is: f o I'm ant < f i I e . name> 

Eventually, for a file name ending in .ad, e.g. 

file name = foo .ad, just use'formant foo' 

In the first stage, the frequencies and bandwidths of the 

LPC roots are computed for each frame. 

In the second stage, a first estimation of the tht'ee first 

fot'mant tracks is performed, and the fol lowing fl les are created, 

f o r f u r t h e r p t'o c e s s i n g : 

Eventually, for a file name ending in .ad, e.g. 

file name= foo.ad 

foo_poles 

foo_bb 

foo_formants 

foo_np 

double point type file 

stores the values of the LPC roots frequencies 

double point type file 

stores the values of the LPC roots bandwidths 

double point type file 

stores the values of the three first formant frequencies 

integer type file 

sto!'es the values of the number of the poles corresponding 

to the three first formants in each frame 

foo_formants_validation is a temporary integer type file, created at that 

time In the purpose of checking the accuracy of the values of foo_np. 

-I stands for an unvo Iced frame 

0 stands for a neutral degree of certainty 

l stands for a sure value.for the corresponding number in foo_np 

2 stands for the beginning of a probably false zone 

3 stands fol'the end of th Is zone 

Then・a human intenention is asked for, through the'pdisp'command, 

followed by a post-processing to take into account the human indic<1tions 

unti 11 the results proves satisfactory. 
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echo " " 
e c ho''G I VE T HE O RD ER OF TH E AN ALYS I S (DEF A ULT 2 I) " 

echo " " 
read m 

case $m in 
[0-9][0-9]) if test $m -le 31 

then echo "OK, I TAKE $m AS THE ANALYSIS ORDER" 

echo "IN CASE OF DISSATISFACTION HIT THE -C KEY" 

else echo "I D!SSAGREE, I TAKE 21 AS THE ANALYSIS ORDER" 
echo "IN CASE OF DISSATISFACTION HIT THE -C KEY" 

$m = 21 
f I 

_echo "廿define M $m" > zzzzzp.c 

echo "廿define M $m" > zzzzzzp.c ; ; 

:t:) echo "I DISSAGREE, I TAKE 21 AS THE ANALYSIS ORDER" 
echo "IN CASE OF DISSATISFACTION HIT THE -C KEY" 

echo "!!define M 21" > zzzzzp.c 

echo "!!define M 21" > zzzzzzp.c ,, 

esac 
cat /data/segot/LPC/TREAT/prelem!nary_formant_ana!ys!s、c >> zzzzzp.c 

cc zzzzzp.c -Im -0 

a .out $] > ZZZZZPZZZZZZZ 

cc /data/segot/LPC/TREAT/first_treatment.c -Im -0 
a.out < ZZZZZPZZZZZZZ 

rm zzzzzpzzzzzzz a.out 

rm zzzzzp.c 

cd 
cd Mlt 

cd NAKA 

echo " " 
echo "VALIDATE THE RESULTS CONCERNING THE FORMANT TRACKS" 

echo " " 
echo "AND USE THE pdisp SOFTWARE FACILITY FOR IT" 

echo " " 
pdisp $1 

echo " " 
echo "ARE THE RESULTS CONCERN I NG THE FORMANT TRACKS GOOD ENOUGH? (y/n)" 

echo " " 
read m 

case $m in 
y) cd 

cd LPC 

cd TREAT 
cat second_treatment.c≫zzzzzzp.c 

cc zzzzzzp.c -Im -0 -o second_treatment.out 

second_treatment.out $1 lissage 

rm /data/segot/M!CRO-VAX/$l_formants_validation 

rm second_treatment.out zzzzzzp.c 

exit 

:t:) cd 

cd LPC 

cd TREAT 

cat second_ treatment .c≫zzzzzzp .c 

cc zzzzzzp.c -Im -0 -o second_treatment.out 

/~\ 

?
u
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I'm Z Z Z Z Z Z p . C 

while test -s /data/segot/MICRO-YAX/$l_formants_validation 

do 

,' 
esac 

cd 

cd LPC 

cd TREAT 

second_treatment.out $1 no_lissage 

cd 

cd Ml* 
eel NAKA 

echo " " 
echo "CHECK THE RESULTS CONCERN I NG THE FORMANT TRACKS" 

echo " " 
echo " " 
echo "AND USE THE pd!sp SOFTWARE FACILITY FOR IT" 

pdisp $1 

echo " " 
echo "ARE THE RESULTS CONCERNING THE FORMANT TRACKS GOOD ENOUGH? (y/n)" 

echo 
,, ,, 

read m 

case $min 

y} second_treatment.out $1 lissage 

rm /da ta/sego t/M I CRO-VAX/$ I_ for man ts_ va Iida ti on 

rm second_treatment.out;; 
火）；；

esac 

done 
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************************************************* 
* * 
* PROGRAM FOR EXTRACT I NG THE r 
* T廿REE FIRST FORMANTS * 
* * 
************************************************* 
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ltinclude <std!o.h> 

ltinclude <math.h> 

FILE :tSTANDARD_INPUT ; 

ltinclude "/data/segot/LPC/TREAT/useful .c" 

enum harmony { silent , unvoiced , voiced_consonnant , voiced_vowel 

ltinclude "/data/segot/LPC/TREAT/find_formants.c" 

main () 

｛ 
enum harmony :tframe_type 

c !J a r b u f f e !'[ 8 I ] , f i 1 e _ f o !'m a n t s [ 8 l J , f i 1 e _ n p [ 8 l J , f i I e _ v o i c i n g [ 8 I J ; 
FILE :tfi le_formants_pointer; 

int nw,m,frame_shift,max_frame,frame,*np,*werthe; 

float :t:frame_type_num 

double *a_buffer , *fff , *bbb , *inrm , fs 

FILE *f!lou; 

I* 
＊ 

* INPUT SEQUENCE 
＊ 

*I 

do 

if (scanf (''%s" , buffer)== EOF) iki() 

while (strcmp(buffer,"from_file")l=O); 

scanf("%s" ,fi le_formants) ; 

file_formants[strlen(file_formants)-3] ='¥0'; 

st1-cat (file_formants, "_formants") ; 

power_buffer 

/:i: buffer contains 1・riw the name of the original file of raw data that wer'e 

treated, we are at the beginning of the data to input :t:/ 

i f (I e ct u re_ std i n (buffer , "s amp I i n g _frequency _・i n _Hz ")) 

scanf (';%lf",&fs); 

e I se i k i (); 

if (lecture_stdin(buffer,"order_of_analysis")) 

scanf ("%d",&m); 

e I se i k ! () ; 

if (lecture_stdi n(buffer, "number_of _data_in_ it")) 

scanf ("%cl",&nw); 

e I se i k i (); 

if (I ect llI'e_std in (buffer, "fr'ame_sh i ft")) 

scanf ("%d",&frame_shift); 

e I se l k i (); 
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I f (I e ct u re_ st d i n (buff e ,, , "t o ta I _number_ o f _ f I'am es "} } 

scanf ("%d",&m;ix_frame); 

e I se I k i (); 

If (! !ecture_stdin(buffer, "the_fl'ame_number")) i k i (); 

if (((frame_type=(enum harmony :t)calloc(max_frame,sizeof(enum harmony)))ニニNULL)

I I 

((bbb二(double :t)calloc((m-l):tmax_frame+l,sizeof(double)))ニニNULL)

I I 

((ff f二(double :t)ca 11 oc((m-1):tmax_frame+I ,sizeof(doub le)))ニニNULL)

I I 

((a_buffer=(double :t)calloc(m,sizeof(double)))ニニNULL)) 

｛ 
printf("there is no room left for the computations, so exit"); 

ex I t () ; 

l 

do 

｛ 
if (scanf ("%d" ,&frame)== EOF) iki() 

frame -= I ; 

if ((lecture_stdin(buffer,"is_a_volced_vowel_one")) 

I I 

(strcmp(buffer,"is_a_voiced_one")==O)) 

, *(fl'ame_type+frame) = voiced_vowel ; 

else if (strcmp(buffer,"is_a_voiced_consonnant_one")==O) 

*(frame_type+frame) 二 voiced_consonnant ; 

e I s e i f (s t r c m p (b u f f e r , ,. i s _ a _ s I I e n t _ o n e ") = = 0) 

* (f r a m e _ t y p e + f I'a me) = s i I e n t ; 

e I s e i f (st r cm p (buffet', "is_ an_ u n v o i c e d _one ") = = 0) 

*(fl'ame_type+frame) = unvoiced ; 

e I se i k i () 

if (lecture_stdin(buffer,"its_power_is")==O) iki(); 

else scanf ("%lf",&power_buffer); 

switch (::i:(frame_type+frame)) 

｛ 
case silent 

case unvoiced 

break 

case voiced_vowe]: 

case voiced_consonnant: 

fff += (m-l)Hrame ; 

bbb += (m-l)Hrame; 

scratch_stdin (a_buffer , fff . bbb , m 

fff ーニ (m-1):t:frame ; 

bbb -= (m-1):t:frame ; 

break ; 

w h i l e (I e c t u !'e← std in (buffer, "the_ frame_numbe1、")& & (f I'a m e ! = m ax _ f I'a m e -I 

I* 

。
L
,
J
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* * * St or i n g o f the po I e f I'e q u enc ! es * * * 

む／

s t J'c p y (b u f f e r , f ! I e _ f o r ma n t s)  ; 

bu f f e I'[ st J'I en (f ! I e _ f o rm an ts) - 9 ] ='¥0' 

strcat (buffer , "_poles"); 

if ((filou = fopen(buffer,"w"))==NULL) 

｛ 
p J'i n t f (''t h er e i s a f i I e o p e n ! n g pr o b I e m , s o e x i t¥n ") ; 

exit () ; 

｝ 
if (fwrite(fff,sizeof(double),(m-1)*max_frame,fi lou) ! ニ (m-1)*max_frame

｛ 
p J'i n t f (" t h er e I s a f i I e 11・r i t i n g p r o, b I e m , s o e x I t¥n ") ; 

exit () ; 

l 
fclose (fllou 

／＊ 

*** Storing of the bandwidths *** 
丸／

strcpy (buffer, file_formants); 

buffer[ strlen(file_formants) - 9] ='¥0' 

st!'cat (buffer , "_bb"); 

if ((filou = fopen(buffer,"w"))==NULL) 

｛ 
printf("there is a file opening problem, so exit¥n"); 

exit () ; 

｝ 
If (fwrite(bbb,sizeof(double),(m-l)*max_frame,filou) != (m-l)*max_fl'ame 

｛ 
printf("there is a file writing problem, so exit¥n"); 

exit () ; 

｝ 
fclose (filou 

/;t 

*** Creation of the file of validation 
＊／ 

If ((werthe = (int :t) malloc (3 * max_frame * sizeof(int))) == NULL 

｛ 
printf("there is a memory space problem, so exit¥n"); 

exit () ; 

l 
strcpy (buffer , file_form8nts) ; 

strcat (buffer , "_validation"); 

if ((filou = fopen(buffer,''w"))==NULL) 

｛ 
printf("there is a file opening problem, so exit¥n"); 

exit () ; 

｝ 
for (fr8me=O;frame<max_frame;++f!'ame) 

｛ 
if 

*** 

:t(frame_type+frame) 二= voiced_vowel 

｛ 
*(wel'the+3米fl'ame) 二 0;

:t(werthe+3:tfr'ame+l) = o; 

i
上り
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I I 

(f w r i t e (i n l'm , s I z e of (do u b I e) , 3 *max_ f I'am e , f i I e _ fol'man ts_ po i n t et') ! = 3 i max_ frame)) 

｛ 
p I'i n t f (''P r o b I e m o f a cc e s s t o t h e f I I e o f f o r ma n t s , s o e x I t¥n'') ; 

exit (); 

） 
fclose (fi le_formants_polnter); 

st I'c p y (f i I e _ v o i c i n g , f I I e _ f or ma n ts) ; 

f i I e _ v o i c i n g [ s t I'I e n (f i I e _ f o I'm an t s) - 9 J二 '¥0,

St I'C a t (f i I e _ VO i C i n g , "_ VO i C i n g ") ; 

if ((f  i Io u 二 fopen (file_voicing , "w")) =二 NUしL

｛ 

Pt'intf("P1・oblem of access to the file of voicing, so exlt¥n"); 

exit () ; 

） 

if ((fl'ame_type_num二(float *)cal loc(max_ft'ame,sizeof(float)))==NULし）

｛ 
P I'i n t f (''P l'o b I e m o f m e m o r y a I I o c a t i o n , s o e x I t¥n ") ; 

exit () ; 

） 

for (frnme = 0; frame< mnx_f1・ame; frame++ 

｛ 
switch (*(frame_type+frame)) 

｛ 

,＼ 

case silent: 

:i: (frame_ type_num+frame) = I 83. 0; 

break; 

case voiced_consonnant: 

case unvoiced: 

*(fr'ame_type_num+frame) = 120.0; 

break; 

case voiced_voweJ: 

:t:(frame_type_num+frame)二55.0+5 .O*cos((double)frame*O .2); 

break; 

l 
f11Tite(frame_type_num,sizeof(float),max_frame,filou); 

fclose (filou); 

free(frame_type_num); 

strcpy (f  i le_np , f i le_formants) ; 

f i I e _ n p [ st r I en (f i 1 e _ f o I'm ants) - 8 ] ='¥O' 

st!'cat (fi le_np 、,,_ n P") ; 

if (((filou 二 fopen (file_np, "w")) == NULL 

I I 

(f1rrite(np , sizeof(int)、3*max_frame,filou)!=3*max_frc1me))

｛ 

P r i n t f ("Pr o b 1 e m o f a c c es s t o t h e f i 1 e o f n p , s o e x i t¥n'') ; 

e Xi t () ; 

l 
fclose (filou); 

／ 

っl5
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* (wel't he+3*f ra me+2) 二 0;

l 
else 

i(werthe+3tframe ニー I;

:r(we!'the+3:tframe+I) ニー I;

:t(werthe+3:tframe+2) = -I; 

l 

if (fwrite(werthe,sizeof(int),3:tmax_frame,filou) != 3:tmax_frame 

｛ 
printf("thel'e is a file writing problem, so exit¥n"); 

exit () ; 

｝ 
fclose (fl lou 

free(werthe); 
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formant (f ff, bbb ,m ,np, max_frame, frame_ type) 

/:t: 

* 
* THE TREATMENT IS FIN I SHED 

* 
＊／ 

/:t now we store the results *I 

for (frame=O;frame<max_frame;++frame) 

if (*(frame_type+frame) == voiced_vowel 

｛ 
*(inrm+3*frame) = :t(fff+(rn-I):tframeu(np+3*frame)); 

* (i n I'm+ 3 *frame+ I) = * (ff f + (m -I) *frame u (n p + 3 * f !'.i me+ I)) ; 

* (i n r m + 3 * f r a m e + 2) = * (f f f + (m -I) *f r a e H (n p + 3 * f I'a m e + 2)) : 

l 

｛ 
i(inrm+3:tframe )ニー I. 0 0 

*(inrm+3:tfr'ame+I) = -I.00 

*{inrm+3*frame+2) = -1.00 

｝ 

else 

if (((file_formants_pointer = fopen (file_formants, "w")) == NULL 

53 
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free(np); 

fl'ee(frnme_type); 

free (i n !'m) ; 

f !'e e (b b b) : 

f I'e e (f f f) ; 

I* finished *I 
l 

/

’

¥

 

54 



*****************火*******丈***********************

* * * HUMAN INTERVENTION IN THE * 
t PROCESS * 
＊＊  

X火:1::1::t:l:tttt:ttttt:l:ttttttt:tt:t:l:tttttttttt:ttttt:l:tttttt

It is possible through the'pdisp'command. 

Formant Displays the current estimations 
――----- on the instantaneous spectrogram. 

Poles Displays the frequencies of the poles 

on the instantaneous spectrogram. 

f o I'm a n t i n g A I I o w s t h e a c c e s s t o a n e w me n u . 

- I ts commands are: 

formant I 

formant 2 

formant 3 for selecting the formant to treat 

v a I i d a t e f o I'c o n f i I'm a t i n g t h e a c c u r a c y o f t h e v a I u e s be t w e e n 

two boundaries defined by consecutive clickings of 

the mouse. 

devalidate the opposite of validate 

link for demanding the selection of the shortest path 

between the two selections 

assign for demanding the selection of the closer-to-a-line 

path between the two selections 

treat for demanding the taking into account of the 

indications previouly provided and their P!'Ocessing, 

ス
35
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:t:t:t:t ** :t:t:t:t:t:t ** :t:t :i::t:t:t:t:t:t:t :t:t火**********************
***

~xx 
DISPLAYING AND CORRECTING 

THE PITCH EST I MA TES 

＊
＇
火
＊
＊
~
＊

********火****************************************

The'pdisp'software (based on'wdisp') allows it. 

A fl le containing the pitch estimates is created thanks to: 

r e s . p i t C !'ea t e s a'p i t ch'f i l e w h e r e a l l t h e p i t c h e s a I'e s e t t o O . 0 . 

For instance, if the speech file if ./MICRO-VAX/alpha.ad 

the pitch file is ./MICRO-VAX/alpha_pltch. 

That file is of floating point type, since the pitch values are 

expressed in Hertz. 

The、analysis program will store in that file the estimations of those 

frequencies. 

A displ;_iy of It is avail;_ible by: 

pitch It shows the current pitch values assigned to the frames. 

The heigth of the vlndow is 1000 Hz. 

Each marker corresponds to one frame. 

Negative or null values of the pitch, corresponding to non-voiced 

frames, are not shown. 

In case of an error, it is possible to change the pitch estimates: 

cor.pit lf this command is selected, it will be required that 

――― the mouse should be used for clicking on two points, 

and the intermediary values will be linearly intet'polated. 
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*************************************火***********

＊ ＊  

:t MAKING T廿E DIFFERENCE 火

＊ 沐：

* BETWEEN VO I CED, UNVOICED AND * 
:t SILENT PARTS IN A SPEECH WAVE * 

* * 
**** ** ** ** :l::t ** :l::t ** :t:t:1::1: ** :t:i::t:t :t:I: :l::t:1::t * * ** **** :l::t * * ** * 

The'pdisp'software (based on'wdisp') allows it. 

A certain knack is required for the decision which involves 

taking into account the power and the spectrum of the frames. 

A file containing those labels is created thanks to: 

l'e s . v o i Cr e a t e s a'v o i c i n g'f i I e w he r e a I I t h e fl'a me s a ,, e s e t t o 

unvoiced . 

To help making a decision, the following commands are needed: 

Listen To hear a part of the speech wave by picking it up 
-- --. — 

(remember to turn on the DASBOX). 

胚雙竺竺 Displays the instantaneous spectrogram of the speech wave 

with a three-dimensionnal approach. 

Spect1'ogram Displays the instantaneous spectrogram of the speech wave 
-----------

with an intensity approach. 

竺色雙ぎ色[、 Displays the instantaneous power of the speech wave. 

Voicing 
------

Displays the current state of the voicing decision. 

The cosine part stands for a voiced one. 

The null part stands for a silent one. 

The strictly positive constant part stands fol'an unvoiced one. 

To set the I abe I of a part, that f i na I device proves usefu I: 

voicing once selected, a new menu appears, and 
-------

through a picking up (courtesy of the mouse) in the power display 

or in the spectrogram display, the selection of the voiced, unvoiced 

and silent zones is carried out. 

And, for instance, if the speech file if ./MICRO-VAX/alpha.ad 

the voicing file is ./MICRO-VAX/alpha_voicing. 

That file is of.floating point type. 

A voiced frame receives the va I ue 55. 0 + 5. O:t:cos(0. 2:t:frame_number). 
A silent frame receives the value 190.0. 

An unvoiced frame receives the value 120. O. 

つJcn) 
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************************t 未********火*****

* * 
**~ 

SYNT廿ESIS PART *

X

 ********"'*****米******:;:火X米:t:t;t:;t:;t:;t::;:;t:;t::;:,i:;t::;:;t:;t:;t:

We modellze the residual signal by a pulse train and, along 

1r i t h t h e p I t c h v a I u e , c I'ea t e a n e w r es i d u a I s i g n a I . 

This is done In'pitch_shift'. 

We change the bandwidths and the frequencies of the three 

formants and with our knowledge of the roots, reconstruct the 

LPC in'recombination'. 

Then we compute the new frames and blend them, using an 

overlap-add method. 

3
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廿include <stdio.h> 

はinclude <matb.b> 

廿define COEFF 4.5 

／末 the vnlue of COEFF governs the gaussinn weight used 

f o I't h e r e c o rn b i n a t i o n o f t h e f I'a rn es a f t e r c h a n g e o f 

the LPC, it must be at least 4.5, because smaller 

values proved not to give an enough important in the 

c en t e I'we i g h t , t h us I ea d I n g t o b a d q u a I l t y speech o u t p u ts 

:t/ 

廿define Pl 3.1<1!582653788 

FILE 米STANDARD_INPUT; 

enum hnr'mony {silent, unvoiced, voiced_consonnant, voiced_vowel 

enum boo lean (FALSE , TRUE) ; 

ttinclude "/data/segot/LPC/TREAT/useful .c" 

廿incI ude "/da ta/sego t/LPC/TREAT / _comp I ex .c" 

!linclude "/data/segot/LPC/TREAT/recombinat!on.c" 

!l i n c I u de''Id at a/ s ego t /LP C /TREAT/_ ma i n _he I p . c " 

廿in c I u de''/data / s ego t /LP C /TREAT/ p i t ch_ sh i ft . c " 

／未おり：*****芯****:t:*******おおお豆ぶり;:1::1::1::t::t::1'.:tおり

* * 
＊

中

THIS IS THE MAIN PROGRAM ＊

＊

 ***芯豆：＊丸＊ぶ*********おおり::i:芯丘ぶ豆む芯おり::tむり／

main(argc,argv) 

int a I'gc 

char :i:argv[J; 

｛ 
en um h a t'mo n y 沐:f I'am e _ t y p e 

enum boolean f lag_existence_lpc_residus_power 

char buffer[ SO J , file_output[ SO] , file_inputing[SO] ; 

char fi le_np_chadSO] ,fi le_inrm_char[SO] ,fi le_pitch_char[SO] ,taratata[SO] 

short is_int ; 

int i , nw , m , inp , !data , df_counter , skippy , first_sample 

int frame_shift , max_frame , frame , j , k 

float :i:pitch_frequency 

double :i:a_buffer , *fff , *bbb , *hamming , :tF 、*inrrn , *x , BQQQ[3] ; 

double df[ 3 ] , dfrnax[ 3 J , dfav[ 3 ] , is , 汰：pun de I'a t i on 、pitch_shift

double *Pf , *Pb , fs , power_buffer , ratio , freq_shift_3 , y[258] : 

F I LE :q i l e _output_ po i n t er , * l pc , *res i du s , *po II e I', * f i l e _ ff f _Po i n t er : 

F I LE *f r a rn e _ t y p e _ s t o l'e 

FILE *file_bbb_pointer 疇 *fi l e _ i n I'rn _ p o i n t e r 、*fi l e _ p i t c h _ p o i n t e I', *f i l e _ n p _ p o i n t e r 

/:t:t:tぃ*******お豆：豆む丸／

/:t :t/ 

/:t PUMP PRIMING :t/ 

／ ＊＊／  

~, 4 
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/:t:t:t:t:t *********米＊＊＊／

if (a rgc ! ニ 6

｛ 
printf(" usage _main.c BQ[O] BQ[I] BQ[2] FS_3 P!TCH_SH!FT¥n"); 

exit (I)  ; 

｝ 

BQQQ[O] 

BQQQ[I] 

BQQQ[2] 

f I'e q _sh i ft_ 3 

pitch_shift 

二 atof(argv[I]);

= a t o f (a I'g v [ 2 J) ; 

二 atof(argv[3]);

= atof(argv[4]); 
二 atof(argv[5]);

／沐

* 
* we inquire about the existence of the _stol'ing files 

* so as to decide if we have to create them 01'not 

* 
火 thei l'use I s to av o I d i n case of sever a I comp u tat I on s w i th 

* t h e s a m e I n p u t s t h e l'e a d i n g o f t h e s a me d a t a w i t h t h e s I o w 

*'fscanf'i/o function, and replace this reading with 

* s o m e f i I e l'e a d i n gs w h i c h i s m o r e e f f i c ! en t 

* 
* a human readable form for the first inputs has been chosen 

* in order to allow direct checking of them 

＊ 

丸／

st r c p y (t 2 r 2 t 2 t 2 ,''s a l u t _ l es _cop a i n s ") ; 

if (rennme ("n_storing", taratata) =ニー I)

flag_existence_lpc_residus_power = FALSE 
else { 

flag_existence_lpc_residus_power = TRUE 
rename (taratata , "a_storing") ; 

｝ 
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do 

if ( fscanf (S了ANDARD_INPUT, "%s" , buffer ) ニニ EOF ) i k i () 

11hile (strcmp(buffer,"fl'om_file")! こ:0) ; 

f scan f (STANDARD_ INPUT , "% s" . buffer) ; 

b u f f e r [ s t !'I e n (b u f f e r) -3 ] ='Y O' 

s t r c p y (f i l e _ n p _ c ha r , bu f f e 1・} ; 

strcat (file_np_cha1・,''_np") ; 

if( (flle_np_pointer二fopen(f i I e_np_char, "r ")) ニニ NULL ) exit(); 

st r c p y (f i I e _ i n t'm _ch a r , buffer) ; 

st I'cat (f i I e _ i n rm_ ch a r , "_ f o t'man ts ") ; 

i f ( (f i 1 e _In rm_ poi n t er= fop en (f i 1 e _ I 111'm _ c b a I', "r ")) ニニ NULL ) exit(); 

strcpy (f i I e_p i tch_char, buf fe1'): 

s t r c a t (f i 1 e _ p i t c h _ c h a I', "_ p i t c h ") ; 

if( (flle_pitch_pointer=fopen(file_pitch_char,"r")) ニニ NULL ) exit(); 

／火 buffer contains now the name of the original file of raw data that were 

t I'e a t e d , w e a r e a t t h e b e g i n n i n g o f t h e d a t a t o i n P u t * / 

if (lecture(buffer,"sampling_fi'equency_in_llz")) 

fscanf (STANDARD_INPUT,"%lf",&fs); 

else iki(); 

if (lecture(buffer,"from_sample")) 

fscanf (STANDARD_lNPUT ,"%d",&first_sample); 

e I se i k i (); 

if (lectu1・e(buffe1',"to_sample")) 

fscanf (STANDARD_INPUT,"%d",&ldata); 

else iki(): 

if (lecture(buffer, "order_of _analysis")) 

fscanf (STANDARD_INPUT,"¾d",&m); 
else i k i (); 

if (lecture(buffer,"number_of_data_in_it")) 

fscanf (STANDARD_INPUT,"%d",&nw); 

else i k i (); 

if (lecture(buffer,"frame_shift")) 

fscanf (STANDARD_INPUT,"¾d",&frame_shift); 
ei'se iki(); 

if ( franie_sh i ft ニニ 32 ) skippy = 0 

i f ( f i, a m e _ s h i f t : ニニ 84 ) skippy = I 

if (fl'ame_shift 二= 128) Skippy= 3 

if (frame_shift == 258) skippy = 7 

fseek(file_np_pointer,3*first_sample/32*sizeof(int)、0): 

fseek(file_inrm_pointer,3:!'.first_sample/32*sizeof(double).O}: 

fseek(file_pitch_pointer,first_sample/32*sizeof(float)、0); 

i f (I e c t u r e (b u f f e r , ., t o t 8 1 _ n u m b e r _ o f _ f t'8 m e s ") } 

fscanf (STANDARD_INPUT,"%d",&max_fl'ame); 

e I se i k i (); 

/
’
¥
‘
 

if (! lecture(buffel',"the_frame_number")) i k i (); 

C
O〉日‘
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if (f!ag_existence_!pc_residus_powerニニFALSE)

｛ 
i f 

if 

(I p c = f o p e n ("a _ s t o r i n g " ,'¥1 ")) =二 NULL

｛ 
p I'i n t f ("c a n n o t o p e n f i I e o f I p c , s o e x i t ") ; 

exit (): 

l 
(residus二fopen (''residues_ st o I'in g" , "w")) ニニ NULL 

｛ 
p I'i n t f ("c a n n o t o p e n f i I e o f r e s i d u es , s o e x i t " J ; 
exit () ; 

l 
if ((po we!'二fopen("power_storing","w")) == NULL 

｛ 
printf("cannot open file of powers, so exit"); 

exit(); 

l 
i f ((f r a me_ t y p e _ s t o I'e = f open ("frame _ t y p e _ s to r i n g " , "w ")) = = NULL 

｛ 
pr int f (''cannot .open f I I e of frame_ types , so ex i t ") ; 

exit () ; 

l 

if (((hamming 二 (double :t) malloc(2:tnw:tsizeof(double))) == NULL 

I I 

((F = (double :t) ma! lac(2:t:nw:tsizeof(double))) == NULL 

｛ 
p ,, i n t f ("e ,, r o r o f s p a c e¥n ex i t¥n ") ; e x i t () ; 

｝ 
for (i 二 0 ; i < 2:tnw ; ++i 

｛ 
:t(hamming+i) = 0.54 + 0.46 * cos(0.01231997118:t(2.0:t(double)i-(double)(nw-I))); 
:t(F+i) = exp(-COEFF:t:((double)(2:ti) I (double) nw - 1.0) * 

((double)(2:ti) I (double) nw - 1.0)) 

if ((X二(double 米） calloc(nw , sizeof(double))) ニニ NULL 

｛ 
printf("there is no room left for the computations, case I, so exit"); 

exit () ; 

｝ 

if (((s=(double :t)c8lloc(ldata-first_samp!e+l .sizeof(double)))==NULL) 

I I 

((frame_type=(enum harmony :t)calloc(max_frame,sizeof(enum h8rmony)))==NULL) 

I I 

((punderation二(do u b 1 e *) c a 1 I o c (I d 8 t a -f i I's t _ s 8 m p I e + I . s i z e o f (cl o u b I e))) = = N U LL) 

I I 

((s _ int二(sho !'t *) ca 1 1 o c (l d a ta -f i I's t _ s amp I e + I , s i z e of (short))) ==NULL) 

I I 

((bbb=(double :t)calloc((m-!):tmax_frame+l,sizeof(clouble)))二=NULL))

｛ 
p r i n t f (''t h e r e i s n o r o o m l e f t f o r t h e c o mp u t a t i o n s , c a s e 3 , s o e x i t ") ; 

ド'/7
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• ~
 

（
 

t
 

x
 

e
l
 

if (((fff=(double :i:)calloc((m-l)*max_frame+l ,sizeof(double)))==NULL) 

I I 

((a_ buff e I'= (double 米） ca l l o c (m , size of (do u b le))) ==NU LL) 

I I 

((pf二(double :t)calloc(m-l ,sizeof(double)))ニニNULL)

I I 

((pb=(double :t)calloc(m-1,sizeof(double)))ニニNULL))

｛ 
p r i n t f (" t h e r e i s n o r o o m l e f t f o t't h e c o m p u t a t i o n s , ca s e 4、so exit"): 

exit () ; 

） 
/t LOOP OF INPUT :t/ 

if (flag_exlstence_lpc_residus_power二=FALSE)

（ 
do 

｛ 
if (fscanf (STANDARD_INPUT, "%ct" ,&frame) 二=EOF) iki() 

frame -二 I ; 

i f (l e c t u r e (bu f f e r , " i s _ a _ v o i c e d _ v o w e l _ o n e'')) 

t(frame_type+frame) 二 voiced_vowel ; 

else if (strcmp(buffer,"is_a_voiced_consonnant_one")二=O)

:t(frame_type+frame) 二 voiced_consonnant

else if (strcmp(buffer,"is_a_silent_one")二=O)

*(f!'ame_type+frame) = silent 

e l s e i f (s t !'c m p (b u f f e r , " i s← an_unvoiced_one")=二0)

:t(frame_type+frame) =unvoiced; 

else i k i () 

¥＼ 

if (lecture(buffer,"its_power_is")==O) iki(); 

else fscanf (STANDARD_INPUT,"%lf",&power_buffer); 

if (fwrite(&power_buffer,sizeof(double),!,power) != l) 

｛ 
printf("problem with the storing of powers. Exit"); 

exit (); 

l 

switch (:i:(frame_type+frame)) 

｛ 
case silent 

case unvoiced 

for (i = 0 ; i < nw ; i ++) 

* (x+ i) 二 0. 0 ; 

if (fwrite(x,sizeof(double) .nw、!'esid us) l二 nw)  

（ 
Pl'intf(''pt'oblem with the storing of residues. Exit"); 

exit (l) ; 

l 
break ; 

s c I'a t c h _ t'e s i d u a 1 ( x )  ; 

if (fl¥Tite(x,sizeof(double),nw,residus) ! ニ nw)

｛ 

8
 

臼ヽ
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printf("problem with the storing of residues. Exit"): 

exit (I) : 

） 
break ; 

cnse voiced_vowel: 

case voiced_consonnant: fff 十二 (m-1):1:frame ; 

bl.J b 十二 (m-J):1:frnme ; 

s Cl'at ch (a_ buff e I', f ff , b b b , m)  ; 

if (f II I、lte(a_buffer,sizeof(double).m,lpc)!=m

｛ 
printf("problem with the storing of LPC, so exit") 

exit (I) ; 

l 
fff -= (m-1):1:frnme 

bbb -= (m-1):1:frame 

scratch_residual (x);  

if (fWl'ite(x,sizeof(double)、nw,residus) ! ニ nw)  

｛ 
pr i n t f ("p r o b I e m 11・i t h t h e s t o t'i n g o f I'e s i cl u e s . Ex i t 

"); 
•9 

、'，j
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~
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e
l
 

break ; 

w h i I e (I e c t u I'e (b t1 f f e r , " t h e _ f r a m e _ n t1 m be r ") &: &: (fr a m e ! ニmax_frame-I)); 

I* END OF THE LOOP OF INPUT :t:/ 
i f (f ¥¥T i t e (fl'a m e _ t y p e , s i z e o f (e n u m h a r m o n y) , m a x _ fr a m e , fr a m e _ t y p e _ s t o I'e) l = m a x _ f r a me) 

｛ 
printf("problem with the storing of powers. Exit"); 

exit (I) ; 

l 

f c I o s e (fr a m e _ t y p e _ s t o J'e 

fclose(Jpc) ; 

fclose(residus 

fclose(power) 

l 

if (f!ag_existence_lpc_residus_powerニニTRUE)

｛ 
f i l e _ i n rm_ ch a r [st l'I en (f i l e _ i n J'm _ch a r) -9 J二 '¥0':

s t r c a t (f i I e _ i n !'m _ c h a r , "_ p o I e s ") ; 

if ((f i I e← fff_pointer=fopen(file_inrm_char,"r")) 

｛ 

printf("cannot read the poles, so exit¥n"): 

exit (I) : 

｝ 

f seek (f i l e _ f ff_ po i n t er , (m -I) * f i J's t _ s amp I e / fr'am e _sh i f t * s i z e of (cl o u b l e) . 0) : 

f I'ea d (ff f , s i ze of (do u bl e) , max_ frame :t (m -l)員 file_fff_pointer): 

fc、lose(file_fff_pointer); 

fi le_inrm_chadsfrlen(fi le_inrm_char)-6] 二,¥0 , ; 

st I'cat (f  i l e _ i n rm_ ch a r , "_ b b ") ; 

if((file_bbb_pointer二fopen(file_inrm_char,"r")) 二= NULL 

｛ 
printf("cannot read the bandwidths、so exit¥n"); 

NULL) 

3
 

げ
‘
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ex l t (I) ; 

l 
f seek (f i I e _ b b b _po i n t e I', (m -I) :tf i I's t _ s amp I e / f I'am e _ sh i f t:t s i z e of (do u b I e)、0);

f r ea d (b b b . s i z e o f (d o u b I e) , m a x _ f I'a me :t (m -I) • f i I e _ b b b _ po i n t e I') ; 

fclose(fi le_bbb_polnte1、); 
f i I e _ i n I'm _ch a I'[st I'I en (f i I e _ i n r m _ ch a r) -3 J二 '¥0, ; 

st r cat (f i I e _ in l'ffi _ch a I', "_ f o I'm ants") ; 

l 

／＊ 

火

* display of the parameters 

:t: of the synthesis 

＊ 

＊／ 

printf ("sampling_frequency_in_hz %f¥n",fs) 

p I'i n t f ("  f r o m _ s a m p l e % u¥n " , f I r s t _ s a m p l e)  

printf ("to_sample %u¥n", !data) 

p I'i n t f ("o r d e I'_ o f _ a n a l y s i s % u¥n " , m)  

printf ("numbeI'_of_data_in_it %d¥n", nw) 

pr i n t f ("f I'am e _sh i f t % d¥n " , frame_ sh i ft) 

printf (·•total_number_of_frames %d¥n", max_frame 
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if ((fread(np , sizeof(int) , 3*max_fpame , file_np_pointep) != 3:t'.max_frame 

I I 

(f 1・ea d (p i t ch_ fl'e q u ency , s i z e of (f l o a t)、max_frame、file_pitch_pointe1、)!=max_frame) 

I I 

(f re a d (i n rm , s i z e o f (do u b I e) , 3 *ma x _ f r a me • f i I e _ i n 1・m _ po i n t er) ! ニ 3*max_frame))

｛ 
p r i n t f ("p I'o b I e m o f a c c e s t o t h e f i I e s c o n c e r n i n g t h e f o r ma n t s、so exit .Yn"): 

e Xi t (I) : 

l 

fclose (file_np_pointer) ; 

fclose (file_pitch_pointer) ; 

fclose (file_inrm_pointer) ; 

。
cu 
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二 0

; i < 3 
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、

open file of 

((frame_ type_ st o I'e =fop en ("frame_ type_ st or i n g " , "r ")) 

｛ 
printf("cannot open 

exit (I); 

l 

f i I e 

ニニ NULL 

of 

lpc coefficients, 

frame_ type, 

(residus二fopen (''res i d u es_ s t or i n g " , "r ")) 

｛ 
PI'intf("cannot 

exit (I) ; 

l 

open file of residues, 

((power二fopen("power_storing","r")) 

｛ 
p I'i n t f ("ca n n o t 

exit (I) ; 

l 

open f i I e of poweps, 

ニニ NULL 

== NULL 

so exit¥n"); 

NULL 

so exit¥n"); 

so exit¥n"); 

so exit"); 

f r e a d (f ,, a m e _ t y p e , s i z e o f (e n u m h a r m o n y) , m ax_ f r a me , f r a me _ t y p e _ s t o r e) 

｛ 
print f ( 

exit (I) ; 

｝ 

"cannot read the frame_type, so 

!= max_frame 

exlt¥n"); 

f O !' 

｛ 
ratio = I ; 
i f (f I'e a d (& p o w e r _ bu f f er , s i z e o f (d o u b I e) , I , p o w e I') 

｛ 
printf("cannot 

exit (I) ; 

） 

frame ニ

。
frame< max_frame ++fl'ame 

np 十二 3*frame*skippy : 

in rm 豆： 3:tframe:tsk i ppy : 

p i t ch_ f I'e q u ency 十二 frame:tskippy 

Pead the power. 

二

so exit¥n") : 

switch e
 

p

t

 

y

n

 

t

e
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l

 

e
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m
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e

 

f
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x
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if fread(x ,sizeof(double) ,nw ,Pesidus) 

｛ 

！二 nw

4
上8
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PI'intf("cannot read I'esidues, so exit¥n"); 

exit (I) ; 

） 
break 

case unvoiced i f (f r e a d (x , s i z e o f (d o u b I e) , n w , I'e s i d us) ! = n w 

（ 
p r i n t f ("c a n n o t r e a d I'es i d u e s , s o e x i t¥n ") ; 

exit (l) ; 

l 
break 

case voiced_consonnant: if (fread(a_buffer,sizeof(double),m,lpc) != m 

｛ 
printf("cannot read !pc coefficients, so exit¥n" 

exit (I) ; 

l 
if (fread(x,sizeof(double),nw,t'esidus) I= n11 

（ 
p r i n t f (''c a n n o t r e ad r es i d u e s , s o e x i t¥n ") ; 

exit(I); 

l 
from_resid_to_wave (x,a_buffer,nw,m) 

!Jreak ; 

/
 

＼
 

case voiced_vowel 

fff += fl'ame:i:(m-l) ; 

bbb +二 frame:i:(m-l) ; 

++df_counter 

*(inrm+3*frame) *= (l+freq_shift_3/l00.0); 

*(inrm+3*frame+I) 出= (l+freq_sh!ft_3/IOO.O); 

*(inrm+3*frame+2) *二 (l+freq_shift_3/IOO,O);

recomb!natlon(a_buffer,fff,pf,bbb,pb,m,frame,np,lnrm,BQQQ, 

for (i = 0 ; i < 3 ; ++i 

｛ 
if (*(fffu(np+3*fl'ame+i))!= 0.0) 

df[i]=(*(pf+ *(np+3*frame+i))-*(fffu(np+3火frame+i)))/

* (ff f u (n p + 3 HI'am e + i)) * I O O : 

else df[i] 二 0. 0 : 

if (fabs(df[i])>=fabs(clfmax[i])) dfmax[i]=clf[i] 

dfav[i] += fabs (df [ i ]) : 

） 

i f (f !'ea d (x , s i z e of (do u b I e)、nw,residus) != n11 

［ 
pl'i n t f ("c a n n o t l'e a d r es i d u e s , s o e x i t¥n ") ; 

exit (I) ; 

l 
/:i: and now we start the synthesis :i:/ 

if (pitch_shift != 1.0) 

pitch_shifting(hamming,a_buffer,x,pitch_frequency, 

82 
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f I'fl m e , f r a m e _ s h i f t , p i t c h _ s h i f t , n w , m , f s) ; 

f I'o m _ r es i d _ t o _~a v e 

np -二 3:tframe:tski PPY ; 

i n J'm -= 3 *fr a meれskippy ; 

pitch_ frequency ーニ frame:tskippy 

I* 

20 0 8: 3 I 

if 

the method 

1887 

here 

_synthesis.c Page 

if 

for 

for 

I 0 

is called overlap-add 

(x,a_buffer,nw,m) 

ratio 二 0. 0 ; 

f O I'(i 二 0 ; i < nw ; ++i) 

ratio+ニ :t(X + i) :t :t (x+ 

(ratio I二0. 0) 

ratio= sqrt (po we I'_ bu f f er/ I'a t i o) 

I = 0 ; i < nw ; ++i 

* (x+ I) *二 ratio ; 

I* de-Hammfnglng t/ 

for (i 二 0 ; i < nw ; ++I) 

* (x+ i) /二 t(hamming+i)

I* de-emphasis t/ 

for (i 二 0 ; i < 11¥¥'; ++i 

y[i] = t(x+i) ; 

I = I ; i < nw ; ++i) 

t(x+i) = y[i] + t(x+i-1); 

I* no,,・, we set the average value of that frame 

since it is so usually In 1-eal speeches t/ 

ratio 二 0. 0 ; 

for (i = 0 ; i < nw ; ++i 

J'a ti o +二*(x+ i) ; 

ratio/= (double) nw ; 

for (i = 0 ; i < nw ; ++i 

* (x+ i) ーニ ratio ; 

fseek(lpc,sizeof(double)*m,l) 

bbb -= framet(m-1) ; 

fff -= frame*(m-1) ; 

break; 

to zero, 

fl'ame_sh i ft ニニ

｛ 
f O I' 

nw 

＊／ 

else 

a
 

t
 

a
 

d

f

 

1.~~~,1 

frame 二= 0 
for (i 

） 
= 0; i < frame_shift 

* (s+ i) 二*(x+ i) ; 

else 

i二 0 : i < nw ; ++i 

*(s+ldata+i) 二 *(x+

+= Ill¥' 

for ＜
 

f1-ame_sh i ft 

++i 

二 0 ; 

｛ 
*(s+ldata+i) += *(x+i) * *(F+i) ; 

*(pundel'ation+ldata+i) +二*(F+ i) ; 

++j 

83 
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f O I'(i 二 frarne_shift ; i < nw - frarne_shift ; ++i 

（ 
t(s+ldata+i) +二 t(x+i) * t(F+i) ; 

* (μu 11 d e I'a t i o 11 + I d a t a + i) +二*(F+ i) ; 

l 

else 

i f (fl'a me = = ma x _ f l'a m e -I 
｛ 
f O l'(i 二 nw - frame_shift ; i < nw ; ++i 

:i:(s+ldata+i) 二*(x+ l) ; 

!data 十二 nw ; 

l 

（ 
f O l'(i 二 nw - ft'ame_shift ; i < nw ; ++i 

（ 
:i:(s+ldata+i) +ニ :i:(x+i)n(F+i);

:i:(punderation+ldata+i) += :i:(F+i) 

l 
!data+= frame_shift 

l 

/
 
＼
 

l 
frame_ type++; 

l 
free(np); 

f r e e (f I'a m e _ t y p e) : 

free(inrm); 

f I'e e (b b b) ; 

free(fff): 

/:t we have finished the looping treating the frames one by one t/ 

i f (f I'a m e _ s h i f t ! = n w)  

｛ 
for 二 frame_shift ; I < ldata-frame_shift 

* (s+ i) /ニ :t(punderation+i) ; 

free(punderntion) 

fclose(lpc) ; 

fclose(residus) ; 

fclose(power) ; 

fclose(frnme_type_store 

丑 i.)

i f (cl f -CO ll n t e I'! = 0 

｛ 

f O !'(i = 0 ; i < 3 ; ++ i 

｛ 
clfav[ i ] /= (double) df_counter ; 

p I'i n t f ("formant l:! % d¥n " , i + l) ; 

p I'i n t f ("max_ rat i o _ of_ ch an g e % f¥n " , cl f max [ i ])  

p I'i n t f (''sh i f t _ a v e 1・a g e % f i n % %¥n " , d f a v [ i ] 

l 

84 
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/:t and noll', we save the synthesized signal *I 

f o I'(I 二 0 ; i < nw ; ++!) 

:i:(s+i) *= 0.54 - 0.4G * cos((double)i/(double)nll'* PI 

for (i = 0 ; i < ld11ta ; ++i 

｛ 
if (fabs(:1:(s+i)) > 31800.0 

（ 
if (*(s+i) > 0.0) :i: (s+ i) 二 31800.0
else *(s+i) = - 31800.0; 
） 

:i:(s_int+i) 二 round (:i:(s+i) 

l 

strcpy(buffer,"/data/segot/MICRO-VAX/"); 

strcat(buffer,fi le_output); 

strcat (buffer," .da "); 

s t ,, c p y (f i I e _ o u t p u t , b u f f e r) ; 

if ((file_output_pointer = fopen (file_output , "w")) == NULL) 

｛ 
pt'i n t f (.. P r o b l e m o f f i I e o p e n i n g¥n ") ; 

printf("Cannot open %s¥n",file_output); 

exit(!); 

l 
if (fwrite (s_int , sizeof (shor't int) , !data , file_output_pointer) != ldata 

｛ 
pr int f (''Prob I em of f i I e w r i t i n g¥n ") ; 

PI'intf("Cannot write %s¥n",file_output); 

e Xi t (I) ; 

l 
fclose (file_output_pointer 

l 

文
J8
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廿include <stdio.h:> 

廿include <math.Ii:> 

pitch_shifting (hamming , a_buffer , x , pitch_frequency , 

frame 、fr a m e _ s h i f t , p i t c h _ s h i f t , n 11・, m , H z _ s a m p I i n g _ f I'e q u e n c Y)  

d o u b I e t h a m m i n g , t x , t a _ b u f f e I', p i t c h _ s h ! f t , H z _ s a m p I i n g _ f r e q u e n c Y 

f I o a t t p i t c h _ f I'e q u e n c y ; 

int frame , frame_shift 

｛ 
int alpha 、i , k , pitch , location 

double 火pitch_pu!se , :i:pulse_train ; 

static int preceeding_location; 

nw m
 

if 

if 

(((pitch_pulse = 

I I 

pulse_train = 

｛ 
Pl'int f ( " no J'O om 

exit (I): 

l 
frame=二〇

location 

（（ 

（（ 

(double :t)mal loc(sizeof(double):tnw) 

(double :i:)mal loc(sizeof(double)汰:nw:i:2) 

left for the computation, 

)11(:t(pitch_frequency+frame-1) 

二 nw / 2 : 

so, 

< 4 0 . 0 

＝二 NULL

NULL ）） 
／
 

＼
 ヽ

exit¥n"); 

）） 

else 

｛ 
location= preceeding_location -

while (location<= 0) 

location+= (int) (Hz_sampling_fr'equency 

:i: pitch_shift /(double) *(pitch_frequency+frame-I)); 

l 
p I'e c e e d i n g _ I o cat i on = 

f I'a m e _ sh i f t 

location 

pitch ニ (int) ( 

/:t location and 

:tpitch_pulse = 

Hz_sampling_fl'equency * pitch_shift 

pitch 

-I . 0 

／
 

(double) :i:(pitch_fl'equency+frame)) 

found :r/ 
． ， 

/， 

,' 

-/:1: but、

f O l、(i

alpha ニ

f O I' 

if we try a synthesis by residual signal 

二 0 ; i < (int) ((double)pitch/pltch_shift) ; ++l) 

i(pitch_pulse+i) = i(x+location+i) / i(hamming+location+i) 

(nw-fl'ame_shift*fl'ame<O) 

f O l' 

二 aI ph fl : 

｛ 
K 二 i-location-nw:

while (k<O) 

K 十二 pitch : 

while (k>二pitch)

k -= pitch 

:1:(pulse_train+i) ニ :i:(pitch_pulse+k

l 

＜
 

2*lll¥' ++i 

？・

。
nw-frame_shift*frame 

丸／

= 0 : i < nw : ++i) 

* (x+ i) ニ :r.(pu]se_train+i+nw 米火 (hamming+i)

co 
3
3
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/1 the residual signal has been modelized possibly by a pulse train 1/ 

free(rulse_tr<1in); 

free(pitch_pulse) ; 

｝ 

5 ． ー
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／
 

*

＊

＊

X

*

＊

＊

x
x
米

＊

＊

＊

＊

＊

＊

X

＊

＊

火

／
 

from the poles and the formants, 

11 e c o m p u t e a n e II s e t o f l i n e a r p I'e d i c t o r c o e f f i c i e n t s b y 

shifting or modifying the original frequencies and bandwidths 

i 11 p u t s o I'i g i n a I _ f re q u e 11 c i es 

o I'i g l n a l _ b a n cl w l cl t h s 

f I'e q u e n c i e s _ c h a n g e 

bandwiclths_change 

fs 

m 

frame 

llj) 

i Ill'ffi 

outputs final_frequencies 

final_bandwidths 

a 

int :tn p : 

double *<l, :tbq; 

double *inrm ; 

double :tpb , :tpf , :tbb , 未ff

double fs ; 

int m 、 fl'<l me 

｛ 
I'e g I st e I'i , j ; 

struct complex 1'[30] , z[30] 

ff 

bb 

shift !'atio for the fo!'mant frequencies 

change ratio for the formant bandwidths bq 

sampling frequency in Hz 

order of the computation 

numb e I'of po I es col't'esp on d i n g to formants 

no l'ma I i zed fol'man t freq u enc i es 
9

、9
‘
,
9•• 

＼
 

pf 

pb 

linear prediction coefficients after change 

Inst change by Segot, june 23, 1887 

re c o m b ! n n t i o n (n , f f , p f , b b , p b , m , f r n m e , n p , i n I'm , b q , f s 

／
 

.・;:1: we put the original values in the final arrays and we will change only the 

necessary ones :1:/ 
f O I'(i 二 0 ; i < m-1 ; ++i 

｛ 
:t(pf+i) = :t(ff+i) 
火 (pb+i) = *(bb+i) 
l 

I* we pl'es um e the a r I'a y ff t o be so!'t e d i n a n i n c re as i n g u r cl e 1・ 未／

I* and 11011 11e scan for the values to change and do it 火／

／沐 the s c <1 n n i n g i s p e !'f o !'med t ha n ks t o t n p、 th e f o !'ma n t s n um be!'s * / 

for (i = 0 : i < 3 ; ++i) 

｛ 

j 二 *(np +3*frame + i) ; 

*(pf+j) = *(inrm+3*fl'ame+i) 
* (Pb+ j) 末二 * (bq+ i) ; 

if ((j ! ニ m-1 )&&:(*(ff+j+l) ニニ * (ff+ j))) 

｛ 
*(pf+j+I) 二*(pf+ j) 

*(pb+j+I) 二*(pb+ j) 

88 
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、
,
'
,
9
,

,
J
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＋
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＋
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，
 

I* n o 1r . 11・e comp u t e t he I'o o ts c o ,, ,, esp on d i n g t o t h e n e 11・f I'e q u e n c i es a n d b a n d 11・i d t h s * / 

i二 0 ; 
while (i < m-1 

｛ 
z[i] 二 po!cal'tes(exp(- *(pb+i) *Pl/fs),*(pf+i) *2*Pl/fs); 

if ((*(pf+i+l) =二 *(pf+i))&&(*(pf+i) ! ニ 0)&&(*(pf+i) l= fs/2)) 

｛ 
z[i+l] = conjugate(z[i]); 

i += 2 ; 

l 
else 

i++ 

/:t now we compute the coefficients corresponding to the new roots :t/ 

/:t those coefficients are put in the complex array r[J :t/ 

r[O] = negation(z[O]); 

r[ I]. I'ea 1二 I;

I'[ I] ・. 1 m a g I n a I'y 二 0;

fol'(i二 I;i<m-I;++l)

｛ 
I'[ i + I J . re a I = I ; 

r[ i+l] .imaginary=O; 

for(j=l ;j<i+l ;++j) 

I'[ i -j + 1 J = s o u s t r a c t i o n (r [ i -j J , m u I t i p I i c a t I o n (r [ i -j + I J , z [ i J)) ; 

r[O] = negation(multiplication(r[OJ,z[i])); 

｝ 
'/:t we suppress now the imaginaI'Y parts (must be 0.0) of the array r to get the new !pc :t/ 

rod i二O;i<m;++i)

:t(a+i) = r[m-1-i].rea!; 
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廿include <stclio.h> 

/:t 

沐

* t h i s f u n c t i o n p e r f o t'ms t h e c o m p a I'i s o n o f t 11・o c h a I'a c t e I's t r i n g s 

:t it retu!'ns in case of equality I, othenvise 0 

* 
＊／ 

int equal_strings (sl , s2 

chn r s I [ ] , s2 [ J 
（ 

if (stt'cmp ( sl • sZ ) ニニ 0 

return 1; 
else return o; 

,
‘
’
¥
 

9

.

 

/:t: 
＊ 

:i: t h i s f u n c t i o n ex i t s o f t h e c o mp u t a t i o n s h o u l d a n e I'r o r o c c u r 

* 
:t:/ 

~
 

k
 

i

f

f

 
t

t

 

d

n

n

t

 

・1

・1
.
l
i

o

r

r

x

 

>
｛

P
P
e
l
 

''The file to treat is not correctly formatted!¥n"); 

''So, we abandon its treatment.") 

） 

／＊ 

＊ 

* t h i s f u n t i o n r e a d s o n a f i I e a c h a r a ct e I's t r i n g 

* and compares it to the string "constant" given in input 

* I'et u I'11 i 11 g I i n case of an e qua l i t y 

* 0 othel'wise 

* 
＊／ 

（
 

int lecture (buffer , constnnt) 

c h a r b u f f e I'[ J . c o n s t a n t [ J ; 
｛ 
f s c n n f (S T A N D A R D _ I N P U T , "% s'', bu f f e I') : 

return (sti・cmp(buffer. constnnt)二=0): 

l 

/:t 

＊ 

:1: this funtion reads on the standard I/0 a character string 

:t n n d comp a l'es i t t o t he st I'i n g''cons ta 11 t " g i v e 11 i n i n put 

:t !'et urn i 11 g I i 11 case of a 11 e qua l i t y 

:t O otherwise 

ゞ

:t/ 

J J 
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i n t I e ct U t'e _ st d i n (bu f f er , c on st an t 
char buffer [ ] , constant [ ] ; 

｛ 
sc8nf (''¾s", buffet'); 
re t l! t'n (e q u n I _ st r i n gs (bu f f er , c on st a n t)) 

l 

／＊ 

＊ 

* T h i s f u n c t i o n r e a d s f I'o m a f i l e 
* a I I near c o I're l a t i o n co e f f i c i en ts 
* freq frequencies of the formants 
* bw bandwidths of the formants 
沐：

* mis _an input, and represents the order of analysis 
* (a[m], freq[m-1],bw[m-!]) 
＊ 

*I 

void scratch (a, freq, bw, m 
int m 
double *a , *freq , *bw 
｛ 
ch a I'z [ 6 2 ] 
int i 

i f (! 1 e c t ll I'e (z , ************************************************************")) 
i k i () ; 

fscanf(STANDARD_INPUT, "%6lc", z); 

if (!I ect ure (z, "****************:!:******************************************* ")) 
l k i () ; 

fscanf (STANDARD_INPUT, "%26c", z); 
z[2G] ='¥0'; 
a[O]=I.O ; 
f 01'(i 二 I; i < m ; ++ i 

｛ 
if (!lecture(z,":i:")) iki(); 
if (!fscanf(STANDARD_INPUT,"%:td %Ic",z)) iki(); 
z[l]='¥0'; 
I f (! e q ll a I -s t I'i n gs (z',. * ")) i k i () ; 
if (fscanf(STANDARD_INPUT,''%If * %lf * %If'',a+i,f!'eq+i-I.bw+i-I)==O) iki(): 

） 
if (! 1 ect Ul'e (z, "*******************************い***********:!:***いい::1::i::t:i::i::tu:t・・))

i k i (): 

/:t: 
沐

* This function !'eads from the standard l/0 
* a I i n e a !'c o r I'e l a t i o n c o e f f i c i e n t s 
* freq f I'e q u enc i es of the formants 
* bw bandwidths of the formants 
牙

1'上
ぃ

3)
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* mis an input, and represents the order of anD!ysis 
* (a [ m J , f !'e q [ m -I ] , b w [ m -I ]) 
＊ 

:t/ 

n~q 
i

e

 

d

r

 

t

f

 

s

*

 

-

J

 

ーC`

2

 

t

a

o

 

a
m
x
 

r

[

 

c
 

s

e

z

 
・
~

d

b

r

 

,
I
t
l
l
a
t
 

o
n
o
h
t
i
 

＞
 

a , f I'e q , b w , m 
． ， 

* bw 

i f (! I e ct u re_ s t d i n (z , ,. * * * * * * * * * * * * * * * * * *いい***********い****************************"))
i k i () ; 

s ca n f ("% G I c'', Z)  ; 

if (! lecture_std i n(z, "nい米米******************************い＊＊＊＊＊いいい心＊＊＊＊＊＊火******"))
lid() ; 

scanf (''%2Gc'', z); 
z[ 28] 二,¥0 , ; 

a [OJ 二 I. 0 ; 
for (i 二 I; i < m ; ++ i 

i f (! l e C t ll l'e -s t d i n (z',, * ,,)) i k i () ; 
if (!scanf(''%*d %lc",z)) iki(); 
z[l]二.¥0'; 

i f (! e q u a I _ s t !'i n gs (z , "* ")) i k i () ; 
if (scanf("%lf *%if* %lf",a+!,freq+i-I,bw+i-l)==O) ikl(); 

if(! lecture_stdin(z,"********************************************************ババ"))
i k i (); 

/
,
＼
 

／＊ 

* 
* This function reads from the file to treat the residual signal 
＊ 

オ、／

/
 

＼
 

v o i d s c I'8 t ch _ r es i d u a I ¥ y 
double :i:y ; 

｛ 
ch8r buffer[81] 
int i 

if (! lectu1・e(buffe1・, ・1:i:tゞ*************沐沐沐：*********沐:**火n")l iki() 
f s c~n f {ST AND ARD_ INPUT . "% 3 5 c" . buff e I') : 

if (! lecture(buffe1•, "un:i: 未**米＊＊斗＊牙＊＊＊＊沐火沐*******火:l::f.**沐： .. l l i k i () 
i二 0 : 

w h i I e ( ! I e ct u 1・e (bu f f e I', "u米*********いいいぷい***ぃ** * * * * * * * * * ,,) 
（ 

i f (f scan f (ST AND A RD _ I NP UT ,''% * d * % I f'', y + i) 二= 0) i k i () 
i++ : 

｝ 

sh o !'t I'o u n cl (y) 
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double y ; 

I 
short z ; 

Z 二 (shod) y ; 

if (y -z > . 5 )  z++ : 

else if (z-y > .5) z--

I'et U I'll (Z)  : 

l 
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廿include <stclio.h> 

廿include <math.h> 

/:r a few standard arithmetic operations on 

:r comp I ex numb e I's , i mp I em en t e d for con v en i enc e 

＊／ 

struct complex 

（ 
double real ; 

double imaginary 

) ; 

struct complex addition (a  , b 

struct complex a , b ; 

｛ 
a.r'eal += b.real ; 

a . i m a g i n a I'y + = b . i m a g i n a r y 

I'eturn (a)  ; 

l 

/:t retUl'DS a + b :t/ 

＼
 

struct complex multiplication (a, b)  I* returns a 沐 b :t/ 
struct complex a , b ; 

｛ 
struct complex c ; 

c.real = a.realtb.real-a.imaginarytb.imaginary; 
c . i m a g i n a I'y = a . i m a g i n a r y * b . r e a I + a . r e a I * b . i m a g i n a r y ; 

return (c)  ; 

l 

struct complex polcartes (a  , b 

b
 

•9 
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n
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.
.
 e
 

d
!
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r
l
 
st n1ct complex eon jugate l z 

struct complex z ; 

｛ 
z.imaginary = -z.imaginary 
I'e tu I'n (z)  

l 

/:t: conve1'ts from polar coordinates 

into a complex number :i:/ 

/ :1: r e t u I'n s t h e c o n j u g a t e o f z * / 

d o u b I e mod u I e (z)  / t I'e t u 1'n s t he mo cl u I e o f z * / 
st I'll Ct comp I ex z : 

｛ 
double y ; 

y 二 sqI't (z  . !'ea I * z . re a I + z . i ma g i n a r y * z . i m a g i n a r y)  : 

I'et ll I'll (y)  

l 

struct complex negation ¥ z 

struct complex z ; 

I* I'e t u r n s t he i n v e t's e o f z * / 
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｛ 
z. I'ea I ニーz.rea I 

z.imnginary = -z.imaginary 

return (z)  

｝ 

struct complex soustraction ¥ z , y 

struct complex y , z ; 

I* returns z - y *I 

｛ 
z. I'ea I -二 y.rea I ; 

z . I ma g ! n a I'y ーニ Y.imaginary 

return (z)  ; 

｝ 

struct complex division (z  , y) /:t returns z / y :t/ 
struct complex z , y ; 

｛ 
struct complex q ; 

double a ; 

if (y,imaginary == 0.0 

｛ 
z.real /= y,real ; 

z . i m a g i n a I'y / = y . I'e a l 

I'et urn ( z )  ; 

l 
e l s e i f (y . I'e a l = = 0 . 0) 

else 

｛ 
q . I'e a l = z . i ma g i n a r y / y . i m a g i n a r y ; 

q.imaginary = - z.real/y.imaginary 

I'e t u I'n ( q )  ; 

l 

｛ 
a=  y,real/y.imaginary + y.imaginary/y.real ; 

q.real = (z.real/y.imaginary - z.imaginary/y.real) /a;  

q . i m a g i 11 a I'y = (z . r e a l / y . ,, e a l + z . i m a g l 11 a ,, y / y . l m a g i n a r y)  / a 

r e t u I'11 (q) ; 

l 
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/:t compute the residual s i gna I *I 

f I'om_ I'es i cl _ t o _ 11・a v e ( 

double 火aa ; 

double :tx 
Int nw , m ; 

｛ ． 
int i , J ; 

double sum: 

fol' 二

｛ 
sum 二 0. 0 ; 

for (j = I ; ((j < m)&&(j < i 

sum ーニ * (a a+ j) 太 :t (X + i -j 
十二 sum ; 

＜
 

nw 

x
 

aa 

++i 

nw m
 

++j 

ヽ

、・1＋
 x

 

,
1し＊

、
ー

／ 

／＊ 

* 
* This function performs the display of 

* 
*I 

void display (m 

double 火aa , :t:a 

int m : 

｛ 
int 

the 

, a , aa , frequencies , ff 

*frequencies , *ff , :tfb ; 

D!'iginal 

fb 

and final parameters 

print f (":i::1::i::1::1::1::i::i::1::1::1::1::1::i::i::1::1::t::1::i::t::i::t::i::1::1::i::i::1::1::i::i::t::1::i::1::i::1::i::1::1::1::1::i::i::1::1::1::t::i: いい********¥n"); 

pt'intf("* index * original * original * final :i:¥n"); 
printf(''* * LPC * fl'equencies * LPC :i:¥n"); 

Pl'! ll t f ('會＊未****** ** ** ** ******** :1::1: ******** *********:!: **** **** ** ********¥n ") ; 
:1:aa = 1.000000 ; 
printf ( * 0 * 
Pl'int f ( 

f O !' 

｛ 
printf ("* %2d_ * %+.Gf * ", !, :t(a+i)); 
for (j = 0 ; j く (5-(int)(loglO(:t(frequencies+1-I)))); 

p I'i n tf ("'') ; 

PI'i n t f (''% -5 . G f " . * (f , requenc1es+1-l)); 

printf ("* "); 

p !'int f ("% + 5 . G f¥n", * (8 8 + i)) ; 

l 
printf("********:i:****************************火いい火いいい＊＊いい立パ******バn"): 
Pl'ill t f ("**************************************いくい****ぷ¥11..): 

Pl、intf("* index * no1'm8lized * no1・m8lizecl ォ¥ll..) : 

p 1・i 11 t f (.. * * fl'e q u e n c i e s * lrn 11 d II i d t h *¥n ..) : 

p I'i 11 t f (,, * * * * * * * * * * * * * * * * * * * * * * * * * *******:I:*************¥ll ..) : 
for (i = I ; i < m ; ++i) 

｛ 

* 

二

%+.Sf ::i:", ::i:aa) ; 

* %+.Sf¥n",::t:aa 
< m ; ++ i) 

++j 

Pl'intf ゜`  ＊ %2d 

／
 

只
3

，
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f O I'(j 二 0 ; j < (5-(int)(loglO(t(ff+i-I)))) : ++j 

Pl'int f ('''') : 

pr i n t f ("% -5 . G f'', * (f f + i -I)) ; 
pr ill t f (., t ") ; 

printf ("%-5.GfYn",t(fb+i-l)); 

） 
『rintf ("***********************************火*********¥11"); 
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ORIGINAL DATA 

*~** 

:t:t:t火:t:t :t :t :t :t :t :t :t :t :t :t :t :t :t :t :t :t :t :t :t :t :t :t :t 
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*

MODIFIED DATA 
*

X

 

:t:t :t:t:t:t:t:t ** ** ** :t:t:cu::t ** ** ** :i: * * 

¥‘ 

Bandwidths multiplied by 5.0 

Frequencies shifted down by 10% 

／
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