ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE



ATAAT T AT Ty AT T ey BYITET T
DIU‘.‘TJ\.JJ STAELTHE POOCISEIHG T u..._UIvI.._:..,

RIRAMTAN U, S0LANET

Be 24 4 Onzamiz University, dyderabad, India, 1572

A HMASTER'S REPORT

subaitted in partial fulfillmsnt of th

requxremants for the dezree

DASTER OF SCISHCE

Departzent of BEleectrical Engingsrins



LD
06T
R
1974
S65 TABLE OF CONTENTS
CII } V
Docum '—n'é
CHAPTER TITLE PAGE

I INTRODUCTION * [ ] . L] - L] L] . . L] L [ ] * L3 - - L * 1
IT DATA ACQUISITION AND CONHVSHSION .o 4 o o o ¢ ¢ ¢ o 3

Pata Acguisition w « « o ¢ ¢ « o « o 6" 3

w

Quantisation + « ¢ ¢ ¢ ¢ ¢ ¢ ¢ o 4w o o

Conversion Program , , « « o ¢ o o o o 7

Details of JCL(Job Control Language)

‘ ' Cards . . + » « 10

Bditdng o o o &« o o« & ¢ &« 5 % o 8 5 & & 20

Digitized Sound Spectrograph using Fast.
Fourier Yransiform and Multi-. .
print Technicues , o« ¢ « o ¢ » 22

ITT CHIRP Z-TRANSHYORII PROGRAII . . «o o o o o o s« ¢ o o 30

Chirp Z—TI‘&."ISfOI‘m . - * . . * - ] - [ . 30
Chirp Z-Transform Program . . « « +» « » 32

Iv THE CEPSTRUM PROGRAII & ¢ 4+ ¢« o o « o o o ¢ o« o« o 36

Rationale for Cepstrum Analysis . . . . 36
The Cepstrum Computer Program . . « « « 39

v CONCLUSIONS © o o o o o o o o o o o o o o o o o o
BIBI’IOG‘IZJ@I-II L] L ] [ ] L 3 L] L ] L ] L ] L] L ] [ ] E ] L ] L ] . [ ] [ ] * L ] L J [ ] 55

ACKNOV’LE DGEPENTS L L] L] L L] L - * . L] L] * L] L] L] . L] L] L 6?



L1ST OF FIGURES

FIGURE TITLas PAGS
2e2,.1 Analeog to Digital Conversion . « « o« « o« « O
2:9.% Flovgraph ror Estimation of Short-time

Power Spectrum o % o« o« o o o o o o 24

2.5.2 Power Spectrum using a Rectanguler
ﬂ' indo W . L] L] . ] - . . € . L] . . * 26

~]

2.5.3 Power Spectrum using = Hamning Window . . 2
P g8

2.5.4 Digital swnectrograph of YNoen is the
glecpy time of day." + .« ¢ « o o« +23F

3.1.1 A general CZT contour with =8 . ., . . . 31

4,1.1 Block viagram Represcnting the Pro-
duction of Vowels . o v o o o« o « 37

5'1'1 HiStogI‘ms L] L] . . £ L L] . . [ ] L L L - . .43



CHAPTER 1
INTRODUCTION

In recent yecars, digital signal processing technigues have be-
come inecreasingly important in the aralysis and synthesis of
speech, The Computer has become the principal laborztery
facility in speech research, as a conseguence of the availibility
of small, high speed, general purpose digital computers,

There arc three main advantages with respect to using digital
signal processing techniques, First, analog technigues orfer
little flexibility for changing filter frequerncies or thes shape
and width of the spectral windows used, Second, digital pro-
cessing methods provide an investigator the freedom in choosing
the most appropriate method of analysis for each problem. Third,
cemputerized technigues possess the capacity of handling large
quantities of data,

The mair objective of this report is to provide a decumentation

for a set of digital speech processing programs. These are

FORTRAN programs, wiritten for the data processing on the IBM 370/158
computer located in the Kansas State University Cemputing Centre.
They wero develeped by lir, T, Natarajan under the direction of

Dr, N. Ahmed,.

The data used te test the above programs was acquired by Dr.
Rainbolt of the department of speech, in the form of a tape
recording of the three male speakors., Specaker 1 was moderately
to scverly hard of hearing and speaker 2 and 3 were profoundly
deaf, However, speaker 3 had a slightly greater mcan hearing
loss than speaker 2. This data was subsequently digitized by
Engineering Experinent 3tation, University of Visconsin. The
resulting d=ta vas stored on a tape in form of 8-bit woras.

Bach word represents a sampled value of the anclog speech.



Chapter IT presents a data conversion progran which converts the
8-bit/viord data into an ecouivalent 16-bit/word data. This
conversion is necessary since arithmetic can be performed only
on integer or real numbers, An integer represcntation reoquires
at least 15 bits or half-word (i.e., two bytes) for processing
on the IBH 370/158 computer. Details pertaining to the various
steps involved in the conversion proccss aiong with informatien
related to the cerresponding job Control are also included,
Next, a program which enables to gencrate digital spectrograms
is presented, This program implements an extremely efficient,
Fast Fourier Transform (FFT) subroutine aleng with a multi-
printing technique.

The Chirp-Z-Transform (CZT) is implemented using an FFT routine
in Chapter III, This version oi the CZT is sometimes referred
to as the modified CZT since its analysis is restricted to the
jw-axis, This program enables one to obtain an accurate esti-

mate of the fundamental frequency asscciated with a given
segment of voiced specch,

Chapter IV presents a program which implements the Cepstrum
technioue of deternining whather a given scgment of speech

consists ef voiced er unvoiced speech, Finally, some con-

clusions are presented in Chapter V.



CHAPZER II
DATA ACQUISITION AND CONVERSION

2.1 Data Acquisition

The data for this study was acquired by Dr. Rainbelt, Dept., of

Speech, Kansas State University, in the form of a tape recording of
three male speakers. Speaker 1 was moderately to severly hard

of hearing and speakers 2 and 3 were profoundly deaf, However,
speaker 3 had a slightly greater mean hearing loss than speaker

2. These speakers repeated twoe sentences 2t the interval of 24
hours. The two sentences were as fellews:

(i) Neor is the speepy time eof day.
(ii) I like happy movies better.

The above recordings were made on an ANPEX AG 500 taps recording
in a quet room at tape speed of 15 inches per second, and ther
transferred te another, at a tape of spced of 7.5 inches per
second, The tape recerder used was a Wollensak T-1500, Table
2,1,1 lists the order in which the sentences appear on the

tape. In vhat folleaws, this tape will be referred to as the
'analog tape'.

Quantization 7

The analog data tape was sent to the Engineering Experiment
Station, University ef Wisconsin, ladisen, Wiscomsin, fer digi-
tization. The analog data was =zampled at a rate of one sample
every 120 microseconds or 8333.7 samples per second, Each sam-
ple was then recorded on a 9-track tape as an 8-bit word and the
identification number of this tape is 9638SP. The data on the
digital tape consists of 42 records, Each roeord consists of
36,000 8-bit samples of one sentence -~ corresponding to 4.32
seconds of real time. Thus, each recoerd would correspond to
9,00u 32-bit werds, with cach 32-bit consisting of feur 8-bit
samples, The density of the tape is 800 bits per inach,
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Table 2,1.1

The order in which the sentences appear on ihe tapes.

RECORD # SPEAKER SENTENCE DAY LABZL #
(96385P) —i I F_ {936584)
SENT1 1 1 1 1
SENT2 1 2 1 -
SENTO3 1 1 2 4
SENTO4 o 2 o -
SENTG5 1 1 3 5
SENTO6 1 2 3 =
SENTOT 1 il 4 6
SENTOS p 2 4 -
SENTO9 1 1 5 7
SENT10 1 2 5 =
SENT11 1 1 6 8
SENT12 1 2 6 -
SENTL3 1 1 7 9
SENT14 1 2 7 -
SENTL5 2 ni i 2
SENTL6 2 2 1 -
SENT17 o i 2 16
SENTL8 2 o 2 -
SENT19 2 3 3 17
SENT20 5 2 3 =
SERT21 2 1 4 18
SENT22 2 2 4 -
SENT23 2 1 5 19
SENT24 2 2 5 -
SENT25 2 1 6 20
SANT26 8 2 6 =
SENT2T ) 1 i 21
SZHT28 2 2 7 "



Table 2.1,1 (Continued)

RECORD # SPEAKER SENTENCE DAY LABEL #
(g638sp) __# __ - ___E.___ A (9365R4)
SENT30 3 2 1 -
SENT31 3 1 2 10
SENT32 3 2 2 -
SENT33 3 1 3 5|
SENT34 3 é; 3 -
SENT35 3 1 4 5
SENT36 3 2 4 -
SENT37 3 1 5 13
SENT38 3 2 5 -
SENT39 3 1 6 14
SENT40 3 2 6 -
SENT41 3 1 7 15
SENT42 3 2 7 -
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An analog gain of 30 was used and for the amplified signal a
data word of 01111111 corresponds to 100 volts. The first "0V
in 01111111 is the sign bit, which makes the equivalent decimal
number to be +127., A data word of 10000000 would correspond

to =128,

2.2 Conversion Program

The data on the digital tape which is a 9-track tape, bearing a
serial number 9638SP, is in form of samples, each sample being an
8-bit PCI1 (Pulse Code Hodulation) word, in 2's complement form,
This has to be converted into an equivalent 16-bit birary nuaber
and written on a data tz2pe hearing 2 serial number 9365RA.

This conversion is necessary, =ince the arithmotic operation can
be performed only on integer or real numbers., An integer re-
preseantation recuires at least 16 bits or half-word (i.e. ,

two bytes) for processing on the IBN 370/158 computer in the
Kansas State University Computing Center.

Statement #1 of the Fortran Conversion Program declares that the
input data PCI(32760) from the digital tape has the format
INTEGER*¥2, This has the effect of specifying that the varizble
PCi(32760) is of intoger tvpe and uses only 16 bits per word.
The use of half-word integer variable can produco saving of
space, if this is critical, at the expense of a decrcase in the
range of values that can be storzd. The statements 4 and 5
cause the data to be read from the digital tape, assigning values
to the variable PCI(I). The format used is (128(25541),12041),
The ruaber 255 is the maxinmum repctetion factor for formatting
purposes in FORTRAN IV, the total bpeing 32760 bytss. It is
important to note that the Al format causes the édata to be read
in 1 byte (i.e. , 8 bits) at a time . This byte is read in the
first half of the word assigned to PCiI(I), and blanks are in-

serted in the next 8-bits,



- 8
Statements 6 and 7 causz the datz toc bhe divided by 256. To di-
vide a binary mumber by 256 or 25, is equivalent to an arithmetic
shift of the binary number & bits to the right. The above ideas
are best explained by illustrative examples which are presented
nexs.

Consider the number +43. Its binary equivalent is 00101011,
The first bit of the number is the sign bit (& '0' means it is
a positive number and a '1l' would mean a2 ncgative number) and
the rest of the number is the magnitude. “hen this number is
read into a 16-bit word using the Al format, it appears as
00101011KBBEBBYH

where denotcs a blank, Vhen this number is divided by 256,

it - causes a 'shift right arithmetic operations'; i. e.: the
number shifts to the right by 8 bits and at the same time the
sign-bit, '0' in this case, is propagated throughout the blanks
caused by the shift. The shifting operation and the final num-

ber obtained appear as follows:

e
TR
.
e
=
w ol
=F

0000000000101 0611

Thus the final result is 2 16-bit positive number, having the
first bit as a sign-bit 2nd the rest of the bits denote the
magnitude. In case of a2 negative number, the above operations

are given as follows:

-43 decimel = 10101011 in binary (sign + magnitude)
11010101 in binary 2's complement with the
sign bii.

n-

Reading the 2's complement into 2 16-bit word using Al format
yields the word

11010101888 BBBY
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Again divisicn by 256 yiclds
111111121210101001

which is the 16 bit representation of -43 in 2's complement
forn.,

The decimzl ecquivalents of the resulting 1l6-bit word range from
+127.0 to ~127.0, UNext, statement 8 causes the resulting data
to be divided by 127.0, thus normalising these numbers between
+1.0 and -1,0, |

Statements 9 and 10 cause the data to be written on unit 9, which
is a tape bearing serial number ¢36%RA ag per thsz Job Control.
card, The corresponding format used is F10.7.

2.3 Details of the JCL (Job Control Language) Cards

The imvportance of the JCL cards used in the programs used for
o)

this project can hardly be cversmyphasized, Any :

4
H
H

order or punching of the cards will result in a job terminzticn.
Also, there is a possibility of tapes being nmixed uop or some-—
thing being written on them inadveriantly.

The following cards, the details of which are also given sgi-
mutaneously, are used in all the programs which usec the tape/
tepes.

/*TAPEQ 2

This card is knownr as a 'job set up' card. At the present tine,
when two concurrently cxecuting jobs in different partitions
bofth reguest that a 9-track tans be mounted, then one job may
remain idle whils it is waiting for the drive. Further, a joo
in the syst waiting for & particular device may delay the
scheduling steps until the existing recucst has been

satisfied, eration problem can result in an inefficient
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CPU {Central Processing Uritj. A similar situation exists vhen
two multi-step jobs recucst the same tape drive, The drive is
alternately assigned to the step of thz twe jobs resulting in
wasted time spent in rewinding, dismounting, mounting, and re-
positioning tapes, The same problems are encountered with 7-
track tapes and removable disk packs,

The solution to ths above problem is to prevent jobs reguirin
the same devices from executing concurrently. For this a 'ses
up' facility is available,

A

The set up card recuired fer this has the following format:
/*DEVTYPE n

where DEVTYPE is 2314, Tape7 or TAPE9 and n ecuals the number

of devices of this type required by the Jjob.

Thus for the conversion program, we need two 9-track tanes, which
is given by the set up card given at the beginning. The number
2314 is a code number for the user ovmasd disk pack.

// EXEC RINGVWTR, PARW=9365R4

A file protect ring has to be inserted in a tape reel to cnable
the tape head to write on the tape. Vhen the tape is mounted

on a tape drive, the system will read down to the proper file and
wait for the file to be ovened for cutput and no file protect
ring is present, the system will rewind the tape, dismount it

and request the operator to remount it with a ring., This not
only wastes thz operator's time but can also consume a large

anount of resident time on the tane drive.

A& procedure (RINGWTR) is availables which enables 2 ussr to inform
the operator, ahead of the mount roquest, which tanes require
the file protect rings. Its use for outnut tapnss is mandatory.

This card must be placed before the steps that reouire the
tapc Se
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The PARI field contains the serinl numbers of the tapes to be
nounted with rings. If two or more %ape nuabers are to be spe-
cified, they must be separated by blanks and enclosed in cuotes
or separated by commas and enclesed in cuotes or parentheses,

No tape will be mounted with a ring unless specifically requested
by the execution of RINGWRT. The card above, whern used will
result in a printed message on thz ceonsole alerting the oper-
ator that the tape 9365RA should be mounted with a ring. Aay
other tape/s requested will be mounted without rings,

// EXEC FORTGCLG
//PORT,SYSIN DD %

These two JCL cards are the siandard ones in = Portran ?rogram,
which ask the system to compile, Link edit and Go.

//GO.FTOSFOOL DD DSN=SPEECH, UNIT=TAPE9, VOL=SER=9368SP, DISP=0LD,
// LABEL=(1,NL), DCB=(RECFI=U,BIKSIZZ=32760,DEN=2)
//GO.FTO9FO0L DD DSN=3ENT27,UNIT=TAPZ9, VOL=SER=0365RA,

// TABEL=(21,¥L), DISP=(,CATLG), DCB=(RECFI=FB,LRECL=10,BLKSIZE

/! =10000)

The above four JCL cards give the details of the two tapes.

The first two of these cards give the details of the source

tape, while the next two cards give the details of the data tape.
Hence these cards arc called DD (Data Definition) Cards., It

is worthwhile examining each word, its meaning and function.

FT,08F001 refers to a Fortran unit 8., With respect to the
Conversion Program, the statement;

AD (8,15) (PCi(I1),I=1,N)
refers to the first JCL card by reading the unit 8,

DSN=SP=ZCH.-
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Data sets are identified with the DSNAME or DSN (Datz Set Name)
parameter, It spscifies the name of a newly defined data sect

or refers to the one previously defined., If it is omitted, the
system will assign a unicue name to that data set. A DSN can

be anyone of the following: (i) temporary for the duration of the
job, (ii) fully cualified for retrieval from the system cata-
log, (iii) simple names for data sets that are not cataloged,

or (iv) a DSN refererced from another DD statement in the same
job,

Here, we have assigned SPEECH as D3N since the tape contains
speech data, In the tape bearing serial nunber 9365RA, the
details of which are given by the next two JCL cards, the DSH

is described as SENT27. This datz set name is refercnced in the
Table 2,1,1 and has to be changed according to the sentence which
is required for any process,

UNIT=TAPEQ

The UNIT parameter specifies which input or output device is to
be used for the data set, TAPES indicates that = 9-track tape
is used for the input data of this program.

VOL=SER=9638SP

The VOL parameter reacuests a specific volume, multiple volumes,
specific volumes of multi-volunme catzloged data set, or

private volumes, A volune can be a tape reel, a disk pack, a
bin in a 2321 data cell, a2 drum or the part of an IBM 2302 disk

storage device served by one access mechanism,

VOL must always give the volune serial number for an existing
data set unless it is catzloged or passed. A new data set can

be created on spvecific or nonspecilic volumes,

Here the serial number of the source tape is given, which is
9638sP.



DISP=0LD

The DISP (Data Set Disposition) parameter describes the current
status of the data set (old, new, or to be modified) and directs
the system on the disposition of the data set (pass, ksen, cat-
alog, uncatalog, or delete) either at the end of the step or if
the step abnormally terminatecs. DISP is always required unless
the data set is created and deleted in the same step. The general
form or the ISP parameter is as follows:

DISP= (current status, normal disposition, abnormal disvosition)

The various options for current status are NEW, 0LD, }OD, SHR,
The options for the normal disposition are KEEP, DELZTE, PASS,
CATLG, UFCATLG, and the same for the abnormal disposition are
KEEP, DELETE, CATLG, UNCATLG,

Current Status:

HEW: NEW creates a new data set. The UNIT rarameter is re-
quired, the VOL parameter can be used to place the data set on a
specific volune, HNEW is default if nothing is coded. This can
be seen on the last JCL card for the tape 9365RA, wherein NEW
hasg been ommitted, If DISP is omitted entirely, NEW is also
assuned. I[i0D: This parameter modifiecs a sequential data set.
When the data set is opened, 10D positions the read/write mech-
anism after the last record in the data set, providing a conven-
ient means of adding data to seouential data set.

0LD: This designatces an existing data sect; it can be an input
data set or a partially complete output data set. The step

is given sole access to the data set. In the above JCL cards,
the first tape specifies OLD, since it is the input or the
source tane.

SHR: This permits the old data sets to be shared, SHR is iden-
tical to OLD except that several jobs may use the data set
concurrently in multiprogramming environments.
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Normal Diswnosition:

Normal Disposition, the sesconrnd term in the DISP parameter,
indicates the disvosition of the data set if the job terminates
normally, The normal dispositicn can be omitted if the data
sat's statuz is noat to change - coxisting data sets (i0C,0LD,

OR SHR) continus to existy NEW Data sets are deleted.

KEEP: This term kceps nontemporary data sets; a data set re-
siding on direct-azaccess storage is retained and a data set re-
siding on magnetic tape is rewound and disnounted,

DELETS: This term deletes data sctsy; storage occupied by a directi-
access ¢ata set is released; a magnetic tapes is rewound and
unloaded and the operator is told that the tape data set is
deleted (nothing actually hanvens toc the data on tape.)

CATLG: This term catalogs a nonteomporary data set. CATLG is
similar to KZ2ZP except that the unit and volume ef the data set
are recorded in the catalog alongz with the data set name, The
file number of a tape data set is 2lso recorded in the catz2log,
but the type of tape label and the tape density arec not.
UNCATLG: This term uncatzlogs a data set. UNCATLG is same as
KEEP except that the data set name is removed from the catalog.
If the data set is not cataloged, UNCATLG is ecuivalent te KEDP.
PASS: This term passes the data set on to subsecuent job steps,
and each job stezp can use the data szt at once, DPASS saves

time because the system retains the data set location and velume
infermation, and a mountable volume containing the data set
remains mounted. Both temporary and nontemporary data sets

can be passed.

Abnormal Disposition:

The abnormzal dispositions, effective only if the step abnormally
terminates, are the same as normal disvositions except that

PASS is not allowed,

If an abnormal disposition is not specified and the step ter-
minates abnormally, the normal disposition is assunmed, How-
evcr,'tho abnormal disposition for temporary data sets is always

DELETE, rcgardless of what is coded.
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LABEL = (1,NL)

The Label Paramcter tclls the type of label, the relative file
number, on the tape, and vhether the data set is to be proccssed
for input or output.- The complete LABZL parameter is coded as
LABRL=(file; type, PASSWORD ;i ws o as gie e o & i 565 o8 606 @ )

IN RETPD=nnnn
OuUT EXPDT=yyddd

PASSYWORD,EXPDT,2and RETPD specify the data set protzction and
are ¢xplained below. The usual form of the LABEL parameter for
2 tape is TABEL=(file, t70%, cevecoscces)

IN

oUT
Relative fils numbzsr: file
If the data set is net the first siep on the tape, file gives
the relative file number to position the tape properly. The
file is a 1 to 4 digit sequence number describing the data set's
position relative to other data sets on the volume. If the file
runber is omitted or zcro is coded, then the file number 1 is
assumed,

The relative file numbers have to be changed for ecach rescord,

In the Conversion Program, the scurce tape has only one file,
and herce 1 has to bz coded, whereas the data tape has a serizl
file nuaver as per the Table 2.1.1 In the Converzion Progran,
the o0ld records are cataloged under new labels and hence a new
serial number has to be a2lloted everytime a record is cataloged.

The sentence #2 has not been used 2t all in this project and hence
no file numbers have been given to the even numbered sentences
(Refer Table 2.1.1).

Label Type: type

Magnetic tapes may contain both volume and data set labels,

either standard as proved by IBil, non-standard as devised by

the installation, or a combination of both. A tape volume label
is 2 block vritten on the tape by the instzallaticn using the
IBfi-cupplied utility program IZHINITW®, before the tape is used,
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The types of labels mzy be specificd as follows:

SL  Standard labels (assumed if type omitted)
IR Hon Standard Labels

SUL Foth Standard and User Tahals

TLP Bypass Label Frocessing

HL Wo Tabels

Processing for Input or Output: IN/0UT

The In and Qut Label subnarametors are primarily for FORTRAN nrograms.
PCRTRAN opens datz sets for IKOUT or CUTIN, depzsnding upon whether
et is a READ or WRITE., Since thi

he Tirst use of the dat 8 0nCns
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invention is required for reading aata ﬂets that have retention
checks,

Data Set Protection: RETPD, EXPDT, PASSWORD

Data Sets can be protected by retention checks or passwerds. Oper-
ator response is require& vefore data sets with retention can be
modified; they cannot be scratched except by using the IEHPROGH
utility.

Retention Check: RETPD, EXPDT

The Label parameter coded on ths DD card can assign a retention per-
ied on to tape or direct-access data sets, and the operator nmust
give his/her assent before a data set with an unexpired retention
date can be modified. “Then the retention period expires, the data
set becomes liks any cother data set without retention check-- it

can be modified or scratch=d without the oeprator's approval. To
request a retention period, code LABZL=RETPD=days, specifying the
number of days (39999 maximum) in ths retention period. Alternatively,
code LABEL=EXPDT=yyddd recuecst an expiration period. The yy is the
2-digit year, and 4dad is the 3-digit day number, A retention perioca
of zero days is assumed if retention is not specified.
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Password Protecction: PASSYORD

A measure of sccurity can bpe given to the data sets by oprotecting
then with a password., The PASSUCIRD subparamecter, coded when the
data set is crecated, indicates that a password is ncecded to

open the data set. One must reccord the data set name and a

chosen 8-character password in 2 system data set is named PASSWORD,

PASSWORD ie a positional subparameter and RETPD and EXPDT are
keyword subparameters. They may all be coded in any combination
with other Label subparamcters.

DCB={RECF#=U,BLKSIZE=32750,DEN=2)
DCB=(RECFiI=FB,LRECL=10,BLESIZE=1000C)

DCB Subparameters:

DCB (Data Control Information) is coded as given in the above

iwo examples, Zach of the subparameter is explained below:

Record Format: RECFM

Code RECFI= format specifies the record format., The format can

be one or more of the following characters.

U Undefined-length records, BLKSIZE must be greater
than or ecual to the largesﬁrecord.

v Variable-length rccords, BIXSIZE must be the
length of the longest record plus 4 bytes if the

- records are blocked, '

P Fixed-length records., BLESIZE must te a multi-
ple of LRECL for blocked records. (U, V and F
are mutually exclusive)

B Blocked records. (FB and VB ares permitted; UB
is not)
T Track overilow used,
S Standzard Blocks., For F format records, there ars

no truncated blocks or unfilled tracks within
the data set. For V format records, logical
records are spammed over more than one block.

A ASA control character is the first byte of the
data.
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1 Ilachine code control character is the first byte
of the data (A znd I are mutuzlly exclusive)

In the given two JCL -card examples above, the Record Length is

undefined in the first case and is of fixed-length blocked re-

cord for the second case.

Logical Record Length: LRECL

Code LRECL= length, specifies the length of the logical record

is bytes for fixed or variable-length records. LRECL is ecqual

to the record length for fixed-length records and is equal to the
largest record, including the 4 bytes, describing the record's
size, for the variable-length records.

Tape Density: DEN

The following list gives the variocus values of DEN,

DEN T-tracs density 9-track_density
0 200 bpi (édefault) -
(bytes per inch)
: 556 bpi -
2 800 bpi 800 bpi (default for
800bpi drives)
3 - 1600 bpi (éefault for

1600 bpi and dual-density
drivas)

EN is required for 7-track drives unless the tapes are 200 bpi
deisity. DEN is recuired for 9-track drives only if any 800-bpi
tape is used on a dual density drive,

// BXEC DSLIST

This JCL card is used in the Dumpout Program,., DSLIST (Data Set
Listing) is 2 program vhich can be used to list a sequential data
set with a tlock sizz2 un to 32760 bytes long. The input sct

can bes a2 seguential data set from cards, magnetic tapes, or a
@irect access device; or it can be a member of a pariitioned

data set on a direct access device. The data being listed can

be either character (alphameric) or hexadecinal format. The
block number and length of block are printed for cach block

procassed,
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PARLI field can be given after the DS5LIST on that card. PARH

can specify print format and line length, Print format is takern
as A for characters in case of default, and Lines, which can Dde
2 number between 40 and 100, is tz2ken as 100 in case of default,

//LKED,SYSIN DD *

This JCL card is used in the Digitized Sound Specirograph Pro-
gram'and i1t links the main program to the objesct deck., The Link-
age Editor combines and ecdits modules to produce a single load
module that can be brousght into main storage by program feich
for execution. It provides several processing facilities that
are either vperiorzed auvtomatically or invoked as rcsuonse %o
control statecments prepared for the program.

A Linkage Editor produces CSECT identification record (IDR) in
all output load modules,

2.4 EDITING:

Editing or examining of the data can be done if we have each
sentence in a written form, Since the data is in the form of
nunbers only it is easy to get a clear picture of the data. For
this a DUIPOUT or DSLIST Fortran program has been used,

DSLIST (Data Set Listing )} is a program which can be used to
list a seguentizl data set with a blocksize up to 32,760 bytes
‘long. The invut data set can be a segquential data set from cards,
tapes, or a direct access device., The data being listed can be
in either character (a2lyhameric) or hexadecima2l format. The
block number a2nd length of blocik are printed for each block
processed,

The printed line can be varied (via optional PARN field) from
40 to 100 characters per line., If the input block is longer
than the specified line length, the block will be broken into
multiple lines.

The print format and line length are controlled by the optional
PARK fields on EX8Ccard., The PARL format is:
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PARM=(print format, linelength)
vihere:
print format= A for character (dsfault)
H for Hexadecimal and Character format
line length= number between 40 and 100 (default 100)

The program is very simple, consisting of 4 JCL cards .only.

The format of JCL cards have been explained in scction 2,3 How-
ever, there is one interesting feature to note. The JCL card
does not specify the serial number of the tape, but it comnects
with the corrzct tape only by Data Set Name (DSN) and the Label
nuaber (LABEL).

The output is just a list of whatever was on the tape under the
particular Label in form of blocks, Tae aim of getting this
output is to have an exact idez as {to what parts of the each
record have. any voice in it. ‘herever the tape is blank, the
output consistis a string of zeros. This is usually the case at
the beginning and the end of each rscord. While taking the
Chirp-Z Transform and the Cepsirum, it is essential to know
this, in order to avoid unnecessary waste of Computer time,

2.5 DIGITALIZED SQUND SPECTROGRAPH USING FAST FQURIER TRANSFORI
AND I'ULTIPRIKT TECHNIQUZS

Sound Spectrographs provide 2 means for permanently displaying
the short-time power spectrum of a spcech signal. In analog
devices, this is done by '"burniag' traces of the freguency
analysis results to current-sensitive facsimile paper. The
abscissa of a syect#&ram is time, the ordinate is frequency -
(Linear scalec) 2nd the darimess of the pattern represents the
intensity (logarithmic scale).

Since the advent of the Fagt Fourier Transform (FFT), spectral
analysis has become economically feasible with digital computers.
The high snesed chain nrintcr provides a means of generatin
aifferent grey-levels by multirrintias appropriate secucnces

of characters out of its basic 48-chzaracter set. The various
processing steps arnd algorithmcs used for the esiimation of
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shoert-time power spectrz in this sysitem are ftabulated in

Fig. 2.5.1, After digital recording of the speech signal it is
sectioned into records which may e overlapping in .time. The
records are then chaped by a suiteble window function, a procedure
which is the prerecuisite for a good spectiral rcsolution and
also for bandlimiting the function in the frecuvency domain,
Purther processing includes a discrete Fourier transformation
via a special subroutine which uses FFT., Next, the power
spectrum. is obtained by taking the absolute value of ths FFT
output, followed by a smoothing in frecuency domain in order o
get a more consistent estimate of the spectrum,

The effect of windowing is best illustirated by comparing Fie,
2.5.2 and 2,5.3(%). The lewer parts of both figures show the
power spectrum of a section taken from a sinusoidal time fun-
¢tion., The width of each window is the same, whercas the
shapes are different. This can be seen from the upper parts of
the printouts. In Fig. 2.5.2, a rectangular window was used
i.e., the values of the input function were not changed, This
yields a power spectrum with a rather sharp peak but poor atten-
tation ef the lower and higher frecuency components. In Fig.
2.5.3, a cosine arch-shaped window, generzlly called a Hanning
window, was used for windowing the input gsampnlze i,e., the in-
put funciien smoothly tapers off to zero at both ends. As a
consequence, the power spectrum is nuch more similar to the
expected 'line' in the freguency domain, The superior at-
tenuation at the higher and lower freguencies has been itraded
off with 2 broadening of the central nezk.

Tr construet the spectregrams, consecutively calculated power
spectra are plotted, line after line as a density modulated
string, TUsing the basic character set of a standard chain
printer, it is quite easy to find a character seouence which by
superposition (or multivrinting) of maxinally four characters
gives a percentually lirnear gradation in eight grades of grey.
The character combinations used for the grey tones were

proposed by Stucki (9{ are given in Table 2.5.1 .
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Grey Tone h 2 3 4 5 6 i1 8
1st print - = + X X 0 0
2nd print + X X X W
3rd print = * Jiit
4th print *

Table 2.5.1

The character combination for the grey tones proposed by Stucki.
The general approach described above points out the pessibili-
ties of a very standard computer-center for speech and neoise
analysis work, once the initial hurdle of digitizing the analog

signals has been overcone.

Now, the specific computer program used for this project will
be discussca., The progran closely follows the flow graph of
Fig. 2.5.1. The first 18 statements are concerned with reading
and printing of the sampled time function and the parameters
used in the program. =Zach block processed at a time consists
of 256 points, The total number of points (NN), is taken as a
maultiple of 256 such that. that portion of the record where voice
is present is covered, For this reason, the Dumpout Program'
output is examined where voice is present is selected. That is,
portions at the beginning and the end of a sentence, where silence
is present, are deleted, The frequency resolution of the vlot
is 33Hz, (32.556Hz. to be precise). Since the sampling iresguen-
cy is 8333,3 Hz., the Nysuist or the folding freouency uvnio
which the transform is taken is 4167. Hz. (4166.6Hz. to be pre-
cise)., Statements 20 through 30 implement the window function,
W(m)=£(1.0 -Cos(2¥n/N) ),m=0,1,2,,....255 that is for a block
of 256 data points. Next statements 31 through 35 deal with

the FFT comnmutation of data block of size 256. This is done

by ca2lling the subroutine FFTP. Absolute values of the trans-
form coefficients arz then computed. The next four statements
cause a moving averag:s over three consecutive values to be
taken, This process smoothes periodgram. Hext, the decibel
value of the average is taken and a constant "DB booster, (DB-
BST)" is added in order to get a darker specirogranms.
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Next, the Spoctrograph Subroutine is called, which prints the
actual spectrograph of the speech portions., In the actual speech
spectrograph, each vertical line is 30 milliseconds in tine
(29,855, to be exact). Ths freguency resolution is 33Hz. and
hence each horizontal line is 33Hz. beginning with 0 at thse
bottom and ending at 4167.Hz at the top.

The printer prints one vertical line for each block., 2as such,
there are as many vertical lines as there are blocks., I
is the number of blocks, then

( mN N o)
NB = (- -1 =) +1
( W NB ).
where NN is the totzl number of points taken
N is the total number of peinte in a

section, which is 256
N3 is the number of overlapping points
in a section, which is 64 (usually

Y/ 4)



CHAPTER IIX
CHIRP-Z TRANSFCRII PROGRAM
3.1 CHIRP-Z TRANSFORII

The Chirp-Z Transform (CZT)was developed by Rebiner, Schafer,
and Rader (F)., It czn be used to secure a high-resolution
short-time spectral analysis of speech data., Tet I(m) = Xy
X1y X24eeee.Xyy_y denote 2 data segquence, which is obtained by
sanpling a band-limited signal x(t), a2t the rate of 1/T samples
per second. The CZT of X(m) is defined as

-1

% - -1
= X{2k) = == X2k Ksl,Lyses (=1} (3.1.1)
n=9o
where
. P (3.1.2)
e a0 o 32TT T
Zk=(AOe32TTOo) (¥oe °)

Equation (3.1.2) desscribes a set of I points equally spaced on
legarithmic spiral. Since the transformation from Z-plans to the
S-plane is given by '

s = (1/T) 1nZ . (3.1.3)
it fellews that
Si.= (1/T)(1na+ j2TT6,) - (K/T)(1n¥W_+ j2TT2,) (3.1.4)

The geometrical interpretation of (3.1.4) is illustrated in

Fig. 3.1.1 for a contour of 8 points, In this figure, we observe
that the Z-plane contour maps into a straight line of arbitrary
length and orientation in the S-plane.

As we are interested only in real values of the frequency (i.e.,
operating on imaginary axis), {(3.1.4) czn be simplified by
substituting A= W0=1. That is
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S ;_%_ 27T o, - 32718, (3:1.5)

Ecuation (3.1.5) inmplies that the points on the imaginary axis
in the S-plane ares mappeG on to the unit circle in the Z-plane,
Bouations (3.1.1) and (3.1.2) vielad

Kk = 1}3—1 X A—n’s‘fkn
n=o k=0,1,...(01-1)
o Y
where

A = exp (j2T16))
exp (32774

‘:'II

If we let A =W =1, 6 =0, =N and § = -1/N, then the Eo. (3.1.6)

becomes

X(Zk) = -1 X exp(-j277 /N) nk
k=0,1,...(N=1) (3.1.7)

Bo. (3.1.7) is known as the discrete Pourier Transform (DFT).
The DFT is sometimes defined as

N-1
X(2,) = 1 L exp(-j2l1/¥)nk (3.1.8)
L :%éé i
k'—-"O ,1,2}- ou(PT—l)

We remark that the only difference between the above definitions
is merely the constant multiplisr 1/M.

3.2 CHIRP-Z TRANSFORM PROGRAIL

A basic appvlication of this program with respsct to speech
processing is to cbtain a2 high resolution DFT of successive
blocks of speech data, Ezch block of data consists of aporoxi-
nately 30 milliseconds of real-time speech. The related com-

puter progran consists of the CZT and FFT subroutines. The
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paraneters used in the program are 2s follows:

NN=N Number of data points in the data sequence
Nunber of Chirp Z-Transform Points

et
—

L The smallest integer power of 2, which is (Li2N-1)

LoG2N Logarithm of N to the base 2

LoGe:il Logarithm of 11 to the base 2

LOG2L Logarithm of L to the base 2

FL- Lowier frecuency specified in Hsz.

FUO Higher fresucncy specified in Hz.

DF Frezsuency interval which is related to the
specified resolution in Hz,

FS Sampling Frecuency in Hz,

NB The number of blocks to be processed

After reading in the above parsmeters, statements 17, 18, and
19 generate the Hanning Window, using the ecuation given below.

W(k)= 0.5(1-Cos ‘2T (k-1)/HN),
k=1,2,.00....NN (3.2.1)

where NN is the total number of points as defined above.

Then the program calls Subroutine WPOWER which returns the
complex multipliers for the Chirp Z-Transform arnd the FFT,

Then the program computes the parameters RWFH and RAPH using
the following relationships:

R7PH = # = -DF/FS

RAPH = O = FL/FS

Next the program causes the data to be read from the tape, and
assign 256 dcta points per block., The apnrovriate number for
the block per sentence is determined from the DUMPQOUT orogram
dutput. The program then calls for Subroutine Chirp Z which
computes the short-time Fourier Spectrum. The bandwidth of such
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spectra is 128Hz., beginning =2t 7% Hz. and terminating at 203
Hz,, the resulting svectal resolution is 1Hz, Thus the short-
time spectrum of each block consists of 123 points, These
values are printed out according to the format specified to-
wards the end of the program.

The main objective of the program is to isolate that portion of
the short-time spectrum of each bloclk where the maximun power
is present., This is usually achieved by examining the output
of the program vhich consists of the printout of 128 points.
However, the program does pickeut the frequency at which the
first peak occurs in cach of the short-time spectra, This in-
formation may be sufficient in some cases.



CHAPTER IV

THE CEPSTRU:I PROCGRAN
4.1 Rationale for Cepstrum Analysis

For the purposes of discussion, consider a simplified block
diagram for the production of vowels, as showvm in Fig. 4.1.1.
The direct current zir flow from the lungs is converted into al-
ternating current accoustic energy by the vocal tract. The
output speech signal f(t) appearing at the lips is the convolu-~
tion of the excitzation functien x(t), which represents the air-
flow at the voc2l cords, and h(t) that is,

.t
£(t)= IX(t).h(t—t)dt 4.1.1
or f(t)=x(t)*n(t) 4,12

Taking the Fourier TransTorm (designated by capital letters)
on both sides of Eqg. 4.1.1, the following equation is obtained;

Flw) =X(w).H(w) 4.1.3

Thus, the spectrum of the speech signal is the product of the
excitation spectrum X(w) and the transfer function of the vocal
tract H(w). The power'spectrum[?(w)|2 of the f(t) equals the
product of the power spectra of x(t) and h(t); i.e., 1F(w)t2=
LK(WH?|H(WM2. Thus the autocorrelation funcition is the con-
volution of the inverse Fourier Transform of X(w) and H(w),
Usually, the transfer function H(w) is such that the resulting
convolution gives multiple peaks. Howcvcf, the log-magailtude
svectrun of a voiced speech is couposcd of two components: (i)
a rapidly varying veriodic comvonent associated with vocal cord
excitation, and (ii) 2 slowly varving componcnti associated with
the formant.frecusncies. The slowly varying compoxnent has to

be separzted to cstimate the parameter values of the format
frequencies. The technicue used fer this purpose is linear
filtering. However, line filtering has bsen achieved here is

througq “"cepstrum", The cewnmstrun is defined as inverse Fourier
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-

Transform of the log-nmagnitude snectrum,

U

.
pe

4.2 The Cepstrum Program

This program: provides an easy means of differsntiating voiced
and unvoiced portions of speech from its unvoiced portions., In
the initial steps, the program defines and reads the parameters

used in the program. These are as follows:

N Number of points in each block
LOG2N Logarithm of ¥ to the basz 2

B Nunber of blocks

The program then generates the Hamning window by the statements
10 through 12, Thaen the program calls the subroutine WPOWER
which returns the complex multipliers for the FFT subroutine.

The statements 15 and 16 cause the program to read in the data
from the tapc and the data is then passed through the Hannming
vindow in order to mirimize the undesiderable effects intro-
duced as a consscuence of the Fourier Analysis of a finite length

data s=guence.

The subroutine FFT is then called which returms 256 wvalues of the
powsy spectrum. Next the decible vazlues of the power spectrum
are calculated. 44db has been added az a correction factor to
retain the r.m.s. value of the window Inverse Fourier Transiornm
as unity. Again, the IFFT is taken calling the subroutine FFT
(ERTRY POINT : IFFT) +to g2t back into time domain, The result,
called the cepstrum of the input data, is an additive combination
of the cepstra of the excitation and veocal tract components,
Thus, the effect of the F¥FPFT, log-magritude and IFFT processing
is to transform convolution into addition. If a segmnent of
speech is voiced, then a prominent peak is obtained., However,

if a block is uavoiczd, then no prominent peak occurs. Thus

the cepstrum serves as an excsllent basis for estimating fun-

)

damental period of voiced spoech and for determining whether a

particular block is voiced or uvaveicad.
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The fundamental frequency is the reciprocal of the Tundamental
period determined from the cepstrus. This also ssrves as a rough
cheek with the CZT progran outpud, which gives an accurate es-
timate of (withinlHz.) the fundamental freguencics in each
block.

Thus in summary, the cepstrum precgram enables ons to decide
vihether a given block of speech data consisits of voiced or un-
voiced speech, If it is voiced, then the correszponding output
from the C4Z7 program (Chaepter III) yields an accursate estimate

of the fundazmental freguency. Again, if a block is unvoiced, then

he corresyonding output from vhe CIZT program is ignored,



CHAPTER V
CONCLUSICNS

A parameter of deaf speech which has received comnsiderable at-

tention is the fundamental frequency of voiced speech (3). Attempts

have boen made to characterize fundamental frequency variation

by means of short-term polynomial anzlysis technioues (3,4).

From the discussion in the previeus chapters, it is clear that the

computer programs presented in this report can be used te obtain

an accurate estimate of the fundamental frequenéy. The cerre-

spornding fundamental frequency variations can then be studied.

For tho purposes of illustration, we consider the distribution ef

fundamental freguencics of the throe speakers mentioned in

Chapter 1 and 2. Speaker 1 was moderately teo severly hard of

hearing and speaker 2 and 3 were profeundly deaf. Hewever, speaker
3 had a slightly greater mean hearing less than spsaker 2,

The pertinent data was processed and subsequently analyzed,

The resulting histegrams of the fundamental freguencies of all

the speakers fer each day are shown at the end of this chapier,
aleng with averaged (i.e., averaged over the entire peried)
averaged histograms indicate that the fundamental frequencies eof
the first speaker are distributed bestween 88 and 145 Hz.; and those
for the second and third speaker are distributed betweon 127

and 151 Hz., and 148 and 190Hz. respectively, The infsrence ene
draws from these figures is that the redominant fundamental
frequanby may be related to the degree of hearing loss sustains
threugh the range of 250 to 1000Hz. This observation will be cor-
related with other information such as hearing test results and
conventional (i.e., analog) speech spectrograms by a studsnt of the
Dept. of Speech and Hearing at Kansas State University.

The above computer programs can alse be used to obtain digital
spectrograms. In this commection, the digital spectrograms asso-
ciated with the deaf speech data have been generated., These are
in the process ef being evaluated with cerresponding conventional
sound spectrographs,

1-Work done by a graduate student in Dept. of Speech,
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HISTOGRAMS
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4. c -
uscd to process data providsd by the Daparitment of Specch at
Kansas State University usin& dizital signal processing tech-
nicues Such technicucs zre becoming inereasirzly important in
sneech aralysis 2nd symithesis and they can be iaplemented using

£

S

a general vnurpose compubter faeility (oftea not in real tise),
or special vurpose hardware realizcations czn be constructed.

The computzr prograzs desceribe the neans of (i) converting 8-bit

h! e

L

cuantized specech data to an couivelent 16-bit number on which

=

6-bi
arithmetic operation can be parformed, (ii ) displaying
cuanvized speech dotz by mecans of digitel T
and (iii) picik out the fundanecnial frecucucies from the voiced

peech,



