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Section 1
INTRODUCTION

The purpose of this report is to give a detailed description
of a speech display simulation system which has been programmed for the
CDC 1601+ computer system located at the Coordinated Science Laboratory
at the University of lllinois. This simulator was written as part of an
investigation into the relative effectiveness of various types of speech
displays (Nordmann [1971]). As such, its primary goal was to be as
flexible as possible as far as the generation of various types of speech
displays is concerned.

In describing the details of the Speech Display Simulator, the
philosophy has been to describe why each program was written the way it was
as well as what it is actually trying to accomplish. In addition, any test
programs which may have been written for a particular program are also
explained.

The Speech Display Simulation can be divided into five main
areas: the common data base, the command processor, the data handling
routines, the speech display routines, and the various subprocessing routines.

The common data base consists of the input speech data buffer,
BUFF, the output display data buffer, FINT, the CRT display command buffers,
ISCOPE and 1SCOP1, and all of the constants and variables used to control
these buffers. These buffers and variables are all kept in COMMON storage.
The problem of keeping the COMMON declaration in each subroutine identical
is handled by means of the CSL FORTRAN title feature. This extension of
the FORTRAN language allows the programmer to specify FORTRAN statements
which will then appear in every program in which the statement TITLE*
appears. Any type of valid FORTRAN statement can be put in the title and

thus the whole common data base need only be written down once.



The command processor is used"to accept fixed format commands
from the operator at the typewriter or from the paper tape reader. After
determining the command it performs the indicated operations by setting
up parameters and calling the various subroutines indicated. The operator
has the ability, via the command processor, to change the values of the
system constants and variables and to call the various display routines.
In addition, he can dump out the contents of the various arrays and
variables.

The data handling routines are used to obtain external data
from the A to D convertor, edit this data, copy it on to data tapes and
then manipulate this data for use by other routines. The data gathering
and editing is done off-line. This eliminates the possibility of a real
time simulation, but the slowness of the CDC I6ol+ compared to the amount
of processing to be done had already effectively prohibited this.

The speech display routines consist of the programs used to
simulate the various speech displays. These programs manipulate the
common data base using the various subprocessing routines to produce the
displays desired.

The subprocessing routines consist of the programs which are
used to perform various operations Qn and transformations of data. Each
routine performs a single type of operation and might be used in the
construction of several different displays.

As the Speech Display Simulation System developed, certain key
principles were developed as follows:

D The common data base, command processor and speech display
routines should be basically machine independent. This means that they

should be written in standard FORTRAN as much as possible and any use of



CSL FORTRAN extensions should he fully documented by means of comment
statement in the code itself.

2) The subprocessing routines may be written in machine
language or in a combination of FORTRAN and machine language as is allowed
in the CSL FORTRAN system. However, this should only be done if a significant
speedup in time or savings in space results or if it is necessary to perform
some special function, such as communicating with the CRT display unit.

In either case all occurrences of machine code should be explained
both in the overall sense and at the detailed instruction level by comments
within the program.

3) The subprocessing routines should not use the COMMON area
buffers or transmit parameters through COMMON. Any external data needed
should in general be obtained by means of parameters. This makes the
routines easier to understand and reduces the number of mysterious side
effects. The few exceptions allowed to this rule involve short subroutines
which are used very often and which have several parameters. In such cases
the overhead involved in handling explicit parameters becomes excessive.

k) Test programs used to check out the various subprocessing
routines are not normally to be loaded with the rest of the system. They
are kept on the library tape, however, so that when needed, they may be
easily loaded by making a call request to the CSL Operating System.

These programs should be well commented with exact instructions on their
use since it is easy to forget their operation within a matter of weeks
if they are not used regularly.

In actual use the speech display simulation system operates
under typewriter control. The operator can manipulate the data tape to

locate the speech to be processed. Then he can select various processing



and display subroutines to operate on this data. In the case of a long
production operation, such as the generation of a series of photographs
of the displays of various speech words, a paper tape can be produced
containing the various commands which need to be given. Then by placing
the system in the paper tape input mode, the operator can avoid the need
for a long period of continual interaction with the system. This also
allows the operations to be reproducible at later times.

The remaining sections of this report are devoted to describing
the system itself in terms of its data structure and individual sub-
routines. The subroutines have been broken down into groups of related
programs so as to facilitate their explanation. Following each description
is a fully commented source code listing giving, in addition to a short

description of the program, a variable list complete with definitions.



Section 2

THE COMMON DATA BASE

The Common Data Base is the collection of arrays and variables
used to contain the data being processed by the Speech Display System
as well as the status of the system itself. Its structure is determined by
the COMMON statements found in the title block, which is included in
every CSL FORTRAN program containing the statement:

TITLE *
at the beginning of its source listing. This title feature causes the
title block to be compiled along with the rest of the source code for
these programs.

In order to provide some semblance of order in the COMMON area,
the complete data area has been established by declaring the COMMON array,
A. All other data arrays are then established using EQUIVALENCE state-
ments to various subparts of this main array. This allows the relative
position of each array with respect to the others to be explicitly stated
in the EQUIVALENCE statement. It also allows other COMMON arrays to be
declared for particular subroutines only, by EQUIVALENCE’ing them to A
within the particular subroutines needing them. This latter technique should
only be used for scratch areas since otherwise the side effects may
become very complicated.

The common data base has several key features. Since digital
tape was used for storing the input speech data, it was unnecessary to
provide a full-sized buffer to contain a complete speech utterance. In-
stead, the floating point buffer, BUFF, is used to contain only that

portion of the data which is of current interest.



As can be seen in figure 2.1, there are two corresponding
pointers for the data tape and the buffer, BUFF. [ISAMP is the main data
pointer and selects the initial sample of a set of data points from the
complete set of data (consisting of many speech utterances) on the data
tape. Its value may range up to around 900,000 since this is the
approximate number of packed sample points which can be written on a single
tape. [ISAMPB corresponds to ISAMP in that it points to the same data as
ISAMP but it refers to the data as it happens to be currently loaded in
BUFF. Thus ISAMPB only varies from O to the maximum length of BUFF
(currently 3000 words).

The display generating routines are free to move ISAMP up and
down the data tape whenever they wish. Before they utilize this new data
position, however, they must call the subroutine ADJUS2. This subroutine
checks the status of BUFF. If the data corresponding to the new position of
ISAMP is not currently in BUFF, it moves the tape forward or backward until
it can load BUFF with the proper data and converts the data to floating point.
Once BUFF is made to contain the desired data, ADJUS2 sets ISAMPB so that
it can be used as an index for BUFF to obtain the desired data. It is this
pointer that the speech processing programs use to obtain the speech data.

The second feature involves the FINT array. This array is
basically a two-dimensional array containing the intensity values with its
dimensions corresponding to frequency vs. time. However, it was felt
that it would be much more convenient to be able to vary the relative
maximum sizes of these two dimensions even while the total length of the
array remains fixed. This is especially nice for short speech samples in
which i1t is desired to have a spectrographic analysis with a very small

increment between frequencies, since in this case the maximum index for



DATA TAPE (packed integer format):

Example:

Figure 2.1:

aiH <V2

ISAMPB

SK627
1627

1SAMP
1SAMPB

Relationship Between ISAMP and ISAMPB



the frequency dimension must be increased,. Unfortunately FORTRAN has no
provision for dynamically assigning array dimensions. Therefore it was
decided to require each program using FINT to calculate its own subscripts
using a frequency maximum index, IFMAX, which could be dynamically chosen
by the operator. At first this seemed jlike a lot of extra work but the
technique is relatively straightforward and in many cases it resulted in

a considerable increase in speed due to the lamentably inefficient cal-
culations used by CSL FORTRAN to calculate subscripts. This was especially

true in loops since the compiler makes no optimizing attempts.



FORTRAN OF SEPT 1968, CATE 9/9/71
TITLE COM

THIS BLCCK OF CODE IS A SPECIAL FEATURE CF 0&L FORTRAN IT
IS A TITLE BLOCK WHICH IS AUTOMATICALLY OGMPILED INTO EVERY OTHER
SUBSEQUENT PROGRAM AND SUBROUTINE IN WHICH TwE STATEMENT »

TITLE*

APPEARS. IT ALLOWS THE PROGRAMMER TO SPECIFY THE STRUCTURE OF A
DATA BASE COMMON TC MANY PROGRAMS BY ONLY TYPING IT OUT ONC . THIS
EBIMINAgES MANY ERRORS DUE TO MISMATCHED COMMON S7IATEMENTS N SUB-
ROUTINES.

COMMON A (20003)

DECLARE ALL SYSTEM VARIABLES WHICH CAN BE CMANGEU BY
SIMPLE INTEGER ASSIGNMENT STATEMENTS CN COMMAND QM THE
OPERATOR..

COMMON ICEL# IDELT, |IDELX. [IDELY* IENDB, IFmAX, I1FREQ,
1 ITIME# ITLIM, 1TMAX, [IXMAR, LGNSM”™ LOCOP, NSMT2

DECLARE ALL SYSTEM VARIABLES WHICH CAN BE CHANGED BY
SIMPLE FLOATING POINT ASSIGNMENT STATEMENTS CN COMMAND OF
THE OPERATOR.

COMMON EMFFCi FINTM, OVFAC

DECLARE ALL REMAINING SYSTEM VARIABLES.

COMMON ICBLK. IFOPS, ISAMP, ISAMPE# IUNIT, iwic, NSAM1

DECLARE ALL system constants. THESE VALUES WILL NOT
CHANGE for anY PARTICULAR VERSION OF THE SYSTEM.

COMMON DfclF, DT IME, ISAMF, LBLK, L8LK4, LGN"BF, NBLK#

samf

DECLARE ALL COMMON VARIABLES USEE FOR COMMUN ICAT ION
BETWEEN SUBROUTINES IN THE SYSTEM,

COMMON FIN, 1CDC, IPTRi X, OVFL, PERIOD. PTIST
DIMENSION BUFF <3000 ), ISCOPE(5000)# ISCOPI (2000 )

1 FHNT(100,150), X(512), Y(512)
EQUIVALENCE (BUFFG), A()), (ISCCPE(D), A<l)>,

1 (ISCOPI(D)*A3002)>, (X(1),At3002))»

2 (. D#A4002))F (FINT(1) ,A(5003) )

END
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Section 3
COMMAND PROCESSOR AND AUXILIARY ROUTINES

The Command Processor and its auxiliary routines constitute the
main control mechanism of the Speech Display System. In order to take
advantage of the presence of a dedicated computer, it was felt that a
reasonably flexible interactive system must be developed. To achieve
this, the command processor has been completely modularized into various
subcomponents which perform the necessary command manipulations. The
main program essentially consists of a series of calls to various sub-
routines which accept and/or process the commands sent in bythe operator.

With the progress of time, the system became too big to fit into
the core of the I6ol+ and thus it was split in two, with all the data
gathering and preliminary processing routines going into one version
and all of the speech processing and display generating routines going
into the other version. Both versions contain the common diagnostic
and utility programs.

The main program in the system is either TESTP (the processing
version of the system) or TESTD (the data gathering version) depending
on which system is beirg used. These programs call INPTCM, which reads
in commands from either the typewriter or the paper tape reader, VARSET,
PROSCL, DATGCL, TAPCOM, and DIAGNG which detect and execute the
various commands, INITI which is used to load initial values intoall the
various system constants and variables, FINI which calculates the dependent
variables and prints out the values of the system constants and variables

on the printer, and DISSY which is used to produce a display of the speech

data.
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The command detection and execution has been spread over
several subroutines in order to simplify their programming and to add
flexibility to the system. Each of these subroutines operates in a
similar manner. There is a character array containing a list of the
commands "which are processed by the subroutine and a DO loop which
compares the input command to each of these names. IT a match is found,
control is transferred, by means of an indexed GO TO statement to the
appropriate code to carry out the command.

The principle of modularity allows the command structure
to be expanded easily since new subroutines to process new commands can
be easily added. The main convention which must be followed is that if
a command processing subroutine completes the processing of a command, it
must set the command name to zero so that the calling program will know
that the command was recognized and executed. Note that it would be
possible to return other values as well which would perhaps signify
alternative messages.

In addition to being used to run various display programs, the
command processor can be used to change system variables. This allows the
operator to easily modify the various displays. It also causes a certain
number of problems due to the manner in which some of the system variables
and constants interact. An example of this problem occurs in the spectro-
graphic display, where the number of samples to be processed per time slice
fixes the interval between frequency coefficients and vice versa.

The solution to this problem was to allow the user to set
certain parameters independently and then have the system calculate the
effect of these choices on the other dependent parameters and print them

out (this operation is performed by the FINI subroutine). Thus for
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example, the operator can choose the desired number of data samples he
wants processed per time slice in the spectrographic display and the
system will respond by indicating the frequency increment between co-
efficients and the total frequency range which will be displayed given
the current value of IFREQ.

An alphabetical list of all the commands executed by the
system is given in Figure 3.1. A detailed description of each command

is given iIn the section describing its respective detection and execution

subroutine.



Command

BEGN
BUFF

COPY
DISP

FINIS
FIND
FORME
FOWD
HEADT
HIEMP
INITI
INTAP
IWIDE
LOCA
MOVE
NORMF
OBTAI
PHOTO
PYRON
READF
REWIN
SAVEF
SPDIS
SPECT
STAND
THRSP
WHATN
ZEROC

Subroutine Which
Executes Command

TAPCOM
DIAGNG
DIAGNG
DATGCL
DIAGNG
TAPCOM
PROSCL
TAPCOM
PROSCL
TAPCOM
TAPCOM
PROSCL
PROSCL
DIAGNG
TAPCOM
TAPCOM
TAPCOM
PROSCL
DATGCL
PROSCL
PROSCL
DIAGNG
DIAGNG
DIAGNG
PROSCL
PROSCL
PROSCL
DATGCL
PROSCL
PROSCL

& DATGCL

& DATGCL

& DATGCL

& DATGCL

Command Operation

Rewind data tape & initialize system

Print out buffer contents

Next input will be a comment

Copy data tape

Display buffer contents on CRT

Short form of FOWD = 1000

Calculate dependent variables & turn off CRT
Search data tape for specified speech words
Call FORMEX display routine

Move data tape forward NVAL samples

Process header block

Add high frequency emphasis to display data
Initialize system variables

Assign input command medium

Assign window size for data tape display
Print out value of data pointer

Move data pointer to NVAL

Normalize display data

Use A to D convertor to obtain speech data
Take picture of last display

Call PYRON display routine

Read out display data stored on tape unit 3
Rewind tape unit NVAL

Write display data on to tape unit 3
Display the display data array on the CRT
Call SPECTO display routine

Produce a standard Spectrograph display
Call THRSPIC data processing routine

Call WHATNOW subroutine

Call ZEROC display routine.

Figure 3.1 Commands Executed by Speech System



3.1 TESTD and TESTP

These two programs are alternate forms of the main system
program. They are actually almost identical with the exception of one
subroutine call in each program. TESTD calls DATGCL while TESTP calls
PROSCL. These two subroutines call the respective sets of routines used
by the two versions of the system. This arrangement allows only those
subroutines actually needed by a particular system version to be loaded
into core memory.

The general operation of the command processor centers around the
typewriter, specifically the commands typed on the typewriter by the operator.
Every time control is given to the operator (this is done when INPTCM is
called), a "+" is typed out and then the subroutine waits for a reply. Once
this is received, the command and its parameters are read into the respective
arguments of INPTCM and the subroutine returns.

The next step is to determine which command has been received and
to execute it. This is done by calling the various command processing sub-
routines in turn. When the last subroutine returns, a check is made to see
if the command was recognized by any of the subroutines. |If so, the program
which recognized the command will have executed it, so control will be returned
to INPTCM. If not, a check is made for the system return command, i.e. ,
and if that is not the command, a message is typed out indicating that the command
was not recognized before returning control to INPTCM.

There is one additional feature of the main program. Occasionally
when using paper tape as the input medium, the paper tape command stream
may become mixed up in such a way that it is not clear where you are on the
paper tape. In a case like this, sense switch 1 can be set and the system

will read in and type out successive lines from the paper tape input.
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The operator must type any character and a carriage return in order to
have another line read. This method allows him to adjust the paper tape
and to find his place on it. Switch 1 can then be reset and the operation
continued by typing a final character and carriage return.

This feature is implemented by checking for the state of sense
switch 1 before calling INPTCM. If 1t is on, the call to INPTCM is
skipped and instead NVAR is set to 1HC. This will cause the repeated

execution of the comment command, until sense switch 1 is turned off.
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00005
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00021
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CSL FORTRAN QF SEPT 1960, DATE 8/12/71

OO OO0 OO0O00O0O0O0O 0

'eXeXe XS OO0 00O

OO0 0

OO0

PROGRAM TESTD

THIS IS THE DMA PROCESSING VERSION CF TEST.

THE COMMAND PROCESSING PROGRAH PERFORMS SEVERAL ACTIONS.
first, If interact? with the operator to determine any vari-
ABLE VALLES WHICH NEED TO BE MODIFIED. IN THIS CASE THE OP-

ERA fOR 1YFES THE NahE CF THE VARIABLE AND ITS NEW VALUE IN
THE rORMAT RECUIREr fiv INPTCM. SECONDLY, THF COMMAND pRUCESbQR
ALLOWS THE CFERATOF TO CALL SUBROLTINES RY TYPING THE FIRST
5 characters in thfir names, Tfinally, IT WILL also execute
VARIOUS COMMANDS TC THE SYSTEM USING THE FORMAT,
NVARs nvai.»NVAL2"FNAME
VAR[ABLE LIST.
NVAL = FIXEE PCIN7 VALUE READ IN FROM TYPEWRITTEN.
NVAR = 5 CHARACTER HOLLERITH VARIABLE USED TC CONTAIN THE LOMMAND
HEAD IN FRCM TYPEWRITIER.
TITLE*

THIS STATEMENT CAUSES NVAR TC BE DEFINED AS A REAL MUM-
HER AS IS RE?IIRED gy THE CSL FORTRAN SYSTEM WHEN HANDLING
typewriter 1/0.

TYPE R NVAR
print 1

1 FORMAT (16Hi EEGTN NEW RUN.)
IUNTTY = 1C

BEGIN COMMAND PROCESSING LOOP. FIRST CHECK SENSE Sw ITUm

1 TO SEE IF THE NEyT INPUT LINE SHOULD BE TREATED AS A CuwfciviT .
15 IF (SENSE SWITCH 1) 16, 18
16 NVAR=I1HC

GO TO 25

if the next 1input line 1is going to be a command, call inpicm
TO READ IT INTO THF COMPUTER.

Ib CALL InP1CM(NvAR,N\)AL.NVAL2,FNAME, IUNIT)

DETERMINE THE COMMAND AND EXECUTE 1It.

> CALL VARSETCNVAR, NVAL)
CALL DATGCL(NVAR, NVAL, NVAL2, FnAME)

CALL TAPOCMCNVAR, NVAL)
CALL DIAGNGINVAR, NVAL, NVAL2)
42 IF (NVAR - IF.) 100* 300, 100

IF COMMAND WAS NOT RECOGNIZED, TYPE MESSAGE AND REPEAT



nSL (-ORTRAN of SEPT 1568, TATE 8/12/71

C

C
00041
00043
00046
00046
00047
00047

--FORTRAN

1UG
101
1u2

30U

RECUPST fCW CCMMANT .

IF (WAN) 101, 15, 101
writf OUTPUT TAPE 15, 102
format <15H WHAT WAS THAT .)
00 TO 1Ib
CONT INUE

END



00005
00005

00006
onoio
0001~

00013

00021
00023
00025
00027
00033
00036

CSL FORTRAN OF S$EFT 1568,
PROGRAM TESTP

TATE 8/12/71

FIRST, 1
ABLE VALLES WHICH NEED TO BE MODIFIED.

5 CHARACTERS
VARIOUS

in THFIR NAMES.
ICMMNUS TF
NVAR =

FINALLY,
nval# nval?» fname

VAR lable LIST,

nval

= fixed pcint value read in from
NVAR =

8 CHARACTER HOLLERITH VARIABLE
REAC IN FRO TYPEWRITER.

Tl 7LP*
THIS STATEMENT CAUSES NVAR TC BE

PER AS IS RECLIRED BY THE CSL FORTRAN
TYFF".RI MER 1/0.

OOO0O 0O OO0 00000 OO0 OO0OO0

TYPE P NVAR
PR INI 1

1 FORMAT (16Hi
IUNIT = 15

BEGIN NEW RUN.)

BEGIN CCmMAND PROCESSING LOOP.
1 TO SEE IF THE NEXT

OO0 OO0

15
16

IF (""FONSE SWITCH 1)
NVAR = IHC
GO Ti ?5

16» 18

IF THE NEXT [INFUT LINE
TO READ IT INTO THF COMPUTER.

OO0O0

18 CALL

OO0 0O

2b CALL VARSET(NvAR, nval)
CALL PRGSCL(NVAR, NVAL)
CALL TAPCCM(NVAR, NVAL)
CALL DIAGNG(NVAR, NVAL,
IF (N\VAR - IH.)

IF (MVAR - gHPITCH)

NVAL?)
7 6» 30U>
loo# 176,

A2
76

76
100

IF CCMMAND wac
RECUEST FCR CCMMANT .

njolT RECOGNIZED,

OO OO0

IS GOING TO BE A COMMAND,

DETERMINE THE COMMAND AND EXECUTE

18

THfc COMMAND PROCESSING PROGRAh PERFORMS SEVERAL ACTIONS.
INTERACTS WITH THE OPERATOR TO CETERM INt

ANY VARI-
IN THIS CASE THE OP-

erator types the name cf the variable and its new value in
THE FORMAT RicGUI RET BY [INPTCM. SECONDLY. THE COMMAND PROCESSOR
ALLOWS THE CFEHaTOR TO CALL SUBROUTINES BY TvPING THE FIRST

It WIL.L also execute

THE SYSTEM USING THE FORnAT,

typewritten,
USED TC CONTAIN THE COMMAND

DEFINED AS A REAL NUM-
SYSTEM WHEN HANDLING

FIRST CHECK SENSE SWITLH
INPUT LINE SHOULD BE TREATED AS A CuMMEWL1.

CALL INPiCM

INPTCM(NVAR,NVAL,NVAL2,FNAME, 1UN1T)

It .

TYPE MESS AGt AND KEPtAI
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00041
00043
00046
ooU46
00047
00050
00054
00056
00063
00063
00067
00070
00072
000 73

00073
--FORTRAN

100
101
102

176

1762

1761

300

IF (NVAR) 101# 15» 101
WRITE OUTPUT TAPE 19, 102
FORMAT (15H WhAT WAS THAT. )
GO TO 15

CALL FINI

DO 1761# 1*1» ITIMP

CALL ADJUS2(NSAMT, -1)

PRINT 1762» I

FORMAT <//2X# 14)

CALL PITCN(BLFF<ISAMPB), NSAMT)
ISAMP a ISAMF ¢ IDFLT
CONTINUE

GO TO 15

continue

END
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3.2 INPTCM (YARNAM. NI, N2. FI. IUNIT)

This program is used to read in commands for the command processor
from the unit specified by IUNIT. At the present time, the only units
allowed are the typewriter (IUNIT = 19) and the paper tape reader
(IUNIT = 5%0. Any other value of IUNIT will produce an error comment
On the typewriter and IUNIT = 19 will be assumed.

IT the input medium is the typewriter, the subroutine will print
out a "+” on the typewriter and wait for a reply from the operator. Other-
wise it will simply read the next line of input. The main purpose for

having the paper tape input facility is to allow the operator to produce

pre-punched input tapes which he can then use to perform "sterotyped"
operations without having to do a large amount of typing.

Once a command is read in by the read statement, the various
parameters are automatically loaded with their respective values and the
subroutine returns.

As the subroutine is presently written, it only accepts fixed
format commands. However, since the system is modular, it would not
cause undue perturbations if a free format input subroutine were used.

Lack of time has been the main reason for neglecting this improvement.
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[ CSL FORTRAN OF SEPT 1968, CATE 6/28/71 .

03
06
aoo11
0*015
GB19
OKTO21

00021
OB 30
0]030
00037
*©37
40

0 RTRAN

15

18
19

20
21

61
65

SUBROUTINE INPTCM(VARNAM, NI, N2. FI. [IUNIT)

THIS SUBROUTIKF IS USED to reao input commands FROM THE OPERATOR
AT THE TYPEWR ITTSR (IF ITUNIT = 19) OR FROM THE PAPES TARE READER
(IF IUNIT *>54). OTHER UNITS MAY BE FEASIBLE BUT HAVE NOT BEEN TRIED
THE COMMAND, ALONG |>ITH ITS THREE POSSIBLE PARAMETERS. 1S READ IN
FIXED FORMAT AS GIVEN IN FORMAT STATEMENT 61. THEN IT tS PRINTED ON
THE PRINTER TO KEEf A RECORD OF «MAT IS HAPPENING. BEFORE THE SUB-
ROUTINE RETURNS.

PLUS * I
IF (IUNIT - 19)  19. 28. 15

IF (IUNIT - 54> JS. 60. 18

WRITE OUTPUT TAPE J9, 19. IUNIT

FORMAT (2X.16.22H 1S NOT VALID UNIT NO.)
WRITE OUTPUT TAPE j9, 21. PLUS

FORMAT ~ <Aj.)

WAIT FOR DATA RETURN FROM OPERATOR OR TAPE RfcAQER,

READ INPUT TAPE IUMT. 61, VARNAM, NI, N2» Fi
FORMAT (Ag.iX, 16.1X.16.1X.A6)

PRINT 65. VARNAM. M, N2. Fi

format (iI2H "Wmmand is A9.2H» 16.ih,i6,ih .A6>
RETURN

END



3.3 VARSET (COM, NVAL)

This subroutine checks for and executes commands involving the
setting of system variables. It handles integer and floating point
variables separately. |In the case of integers the variable is set equal
to NVAL. In the case of floating point numbers, the value of NVAL is
converted to floating point anddivided by 100.0 before being loaded into
the selected variable. Thus the operator must multiply all floating
point numbers by 100 when setting them under control of the command pro-
cessor.

The method used to setthe system variables relys ona technique
of EQUIVALENCE®"ing an array tothe same memory space used to store the
COMMON system variables. This allows the variables to be addressed by
means of an indexed array. However, care must be taken to see that the
order of the variables in core specified by the COMMON statement corresponds
to the order of the names in the character arrays. In the CSL FORTRAN
system, COMMON variables are assigned core space in the reverse order in
which they are listed. This means that the last named variable should
be EQUIVALENCE" ed to the zeroth position of the corresponding array
and that the character arrays should list the variables in the reverse
order of the COMMON statements.

The integer system variables which can be set by VARSET are

the following:



IDEL

IDELT

IDELX

IDELY

1ENDB

1FMAX

IFREQ

ITIME

23

Distance "between points being generated for
the display measured in coordinate positions.

Typical values = U to 8.

Spacing between analyses of speech data,
measured in number of time samples. Typical

values = 100 to 1000.

Number of display points to be interpolated
between each x data value (usually time
samples). Typical values - 2 to 16.

Number of display points to be interpolated
between each y data value (usually frequency
slices). Typical values = 2 to I6.

Number of locations to be used in the input
data buffer by the OBTAIN subroutine. Must

be a multiple of 1000. Maximum value = 20,000.
Maximum number of entries along frequency
dimension of FINT array. May be adjusted
along with ITMAX to vary the relative dimensions.
Number of frequency slices in FINT array.

Number of time slices in FINT array.



ITLIM

I1TMAX

I XMAR

LGNSM

LOCOP

NSAMT

2k

Threshold value used by THRSPIC for determining
whether or not to count a given sample when
enumerating the number of significant samples in
a data block. Typical value = 10 to 50.

Maximum number of entries along time dimension
of FINT array. May be adjusted along with

IFMAX to vary the relative dimensions of FINT.
Position of left edge of the three dimensional
display generated by SPDISP. Measured in

number of time slices from the left hand edge of
the display. Typical value = 50.

Log to the base 2 of NSAMT. This tells the

FFTB subroutine how many iterations it will

have to perform. It must be set by the operator
if he changes the value of NSAMT and intends

to use FFTB.

Total number of samples which have been written
out on to tape unit 3 by COPYT. The operator can
preset this value iIn those cases where COPYT

is used to add data to a tape already containing
valid data.

Number of time samples to be analyzed per time
slice. Whenever NSAMT is set, NSMT2 is auto-
matically set to NSAMT/2. The reverse is not

true however
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NSMT2 Number of output coefficents to be calculated
by FFTB. Must be a power of two. Usually
equal to NSAMT/2 but may be set independently
of NSAMT if desired by first setting NSAMT
(NSMT2 is then set to NSAMT/2) and then setting

NSMT2 to whatever is desired.

The floating point variables which can be set by VARSET

are the following:

EMPFC Factor used by HIEMP to control the non-linear
emphasis of the high-frequency display components
in those displays utilizing frequency as the
vertical dimension. Typical values = .15 to .70.

FINTM Minimum intensity value which will be displayed
by SPDISP. Any values less than this will be
set to the background intensity. This eliminates
a great deal of superfluous intensity changing
at the low value range. Typical value = 20.0.

OVFAC Factor used by the NORMF subroutine when
normalizing the display data. The highest
intensity point to be displayed is set to 255#0VFAC
and the other values are linearly normalized

according to this value.
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csi FORTRAN o SEM 960, TATE 8/12//1
SURRCIiMNE VARSET (CO , NVAL)

C
c irilo SUBROUTINE CI-ECKS FUR AND EXECUTES COMMANDS INVOLVING
a THE StrilING CF SYSTEM VARIABLES. IT TAKES CaRE OF BOIh iNTEGER
c AND L )AI ING POINT VAR IABLES .
Cc
C ghrf - character array containing the names cf the floating
c hCINT VARIABLES WHICH CAN OE SET.
(o] chri - character array containing the names cf the integer
c VARIABLES hhicr can be set.
c LOM - COMMAND to 6E executed.
c FVAR - FLOATING Pf INT ARRAY WHICH HAS BEEN ECCIVALENCEU TO
c 1HE AREA CONTAINING THE FLOATING POINi SYSTEM VARIABLES.
c jiHIS ALLOWS THESE VARIABLES TC BF ADDRESSED AS ELEMtENTS
c CF AN ARRA>,
c IVAR - INTEGER ARRAY WHICH HAS BEEN EQUIVALENCED TC IHE ARtA
C containing the integer system variables, this allows
C ihese variables to be addressed as elements ok an array.
C NVAL - INTEGER parameter for COM.
Cc

TITU-*

DIMENSION CHF 1(14), CHRF(2)> IVAR(14). FVAR(?)
C
c NOTE THAT CHRI ANC CHRF ARE SET EQUAL TC THE NAMES OF 1IHE
c VARIABLES IN THE COMMON AREA. IT IS MANOITORY THAT THE ORDER WK
c THE VARIABLES IN THESE arrays be THE revfrse cf THE order OF the
c VARIABLES IN THE COMMON STATEMENT, SINCE CSL FORTRAN ASSIGNS STOR
c AGE IN CCMMCN IN THE REVERSE ORDER IN WNICH THE VARIABLES ARE DE-
c CLARED .
C

DATA(CHRI(0> «5HNSMT2» 5HLOCOP, 5HLGNSM, S5HIXMAR* B5H1TMAX,

1 S5HITL IM*SHITIME, gHIFREQ . 5h JFMAX» gH 1ENDB,
2 bHIYELY, SHIDELX, gHIDELT, 4HIDEI >

DATA (CHRF (0) s5HCVFAC, SHKINTMi, gHEMPFC)
c
(o NOTE THAT EY setting IVAR(O) and FVAR(Q) EQUIVALENT 10 NSM12
c AND OVFAC, RESPECTIVFLY, WE FORCE THE ITH ENTRY IN EACH OF [1hESb
c ARRAYS TC BE EQUIVALENT TO THE VARIABLE WHOSE NAMt IS STORED IN
c THE ITH ENTRY OF ThE CORRESPONDING CHARACTER ARRAY. (SEE ABOVE
c NOTE ) .
Cc

EQUIVALENCE (IVAR(o). NSMT2), (FVAR(Q), OVFAC)
Cc
C COMPARE COM AGAINST THE NAMES IN CHRI TC SEE IF IT IS A
o COMMAND 1C SET THE VAL.LE OF AN INTEGER VARIABLE.
(o]

DO 20> 1=0> 14

00006 IF (COM - CHF I1(1)) 20, 50, 20
ooalnt 2U CONTINUE

IF LCM DID NOT MATCH A NAME. IN CHRI, CHECK 11 AGAINS I CHRI-
TO SCE IF IT IS A COMMAND 10 Stl THE VALUE OF A FLOATING POIM
variable.

OO0
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C
00012
00016
00021.
oou22
0ou25

SO0 O

00026
00027
00032
00033
00035
00037
00041
00044
00055
00056
00057
00060
00061
00062

TO O ™

00063
00064

00065

--Fortran

40
41

5u

51

60

61

62

63

500

DO 40# 1=0» c

IF (COM “ CHFF< 1)) 40# 60# 40
continue

IF (COM - 5HNSAKT) 41# 51# 41
RETURN

IF CCM RATCHET A variable in CHR 1 OR CHRK,
APPROPRIATE VARIAbI E.

IVAR(1) = NVAL
IF (COM - S5KNSAMT) 500 » 51 » 500

nsamt = nval

NSMT2 = NSANT/2

GO TO 500

1=1+1

VAL = FLCATF(NVAL)/100.0
GO TO (61# 6¢# 63) |
OVFAC = VAL *
GO TO 500

FINTH = VAL

GO TO 500

EMFFC = VAL

GO TO 500

after setting the designated VARUBIE. Stl

27

CHANGfc THfc

CuM TU U-U

to indicate that the COMMAND WAS EXECUTED AND RETURN.

COM = 0.0
RETURN

END
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3.U PROSCL (COM, NVAL)

This subroutine checks for and executes commands which
involve calls to those subroutines which are loaded with the processing
version of the system. It also checks for commands which are used
exclusively by the data gathering version of the system but in this
case, it simply types a message reminding the operator that that command
does not exist in the currently loaded system.

The execution of the commands is relatively straightforward
and simply involves a CALL statement. |In some cases, however, particularly
in the case where the subroutine is a speech processing routine working
directly on the speech data, it was found desirable to first call FINI
so that a printout of the status of the system variables and constants
right before the execution of the subroutine would be available.

During the course of the development of the speech system,
certain operations came to be performed very often. Eventually it was
decided to have a single command which would perform a whole series
of conventional commands. STAND is an example of this. There are
actually two varients. If no numeric value is given (in which case the
1/0 programs set NVAL = -0), it will not move the data tape while if
a value is given, it will move to the position specified, look for a
header block and load in the proper value for ITIME from the header.

IT no header is found, an error comment will be made.

Once the tape is positioned, if required, the command causes
a series of calls to be made which result in a spectrographic display
of the data. The last action is to set COM to UHLOCA. This will cause
the LOCA command to be executed thus indicating the value of 1SAMP,

provided that the subroutine which detects and executes the LOCA command



comes after PROSCL in the list of calls in TESTP.

The commands which are executed by PROSCL are as

FINIS - call FINI
FORME - call FORMEX
HIEMP - call HIEMP
INITI - call INITI
NORMF - call NORMF
PHOTO - call PHOTO (NVAL)
PYRON - call PYRON
SPDIS - call SPDISP
SPECT - call SPECTO
TFFBT - call TFFBT
WHATN - call WHATNOW

ZEROC — call ZEROC
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00011

00012
00016
00021
00022

CSL (-ORTRAN of SEPT 1960, TATE 8/12//1

0O000000O00000000O000O0O00O000O0COO0

OCOO0O0

O0O0O0

2U

SURROU "1™ FRCSCL (CON » NVAL )

THIS SI1tROLTUE CHECKS FOR COMMANDS [INVOLVING CALLS 10
SUPRIIUTIKES H-ICH ARE LSED BY THE SPEECH PROCESSING VERSION
Of THE SVCTEN. IT PRINTS A MESSAGE FCR ANY COMMAND REQUEST-
ING a SUfcRQil INE WHICH IS NOT LOADED.

BUFF - CCMMCN ARRAY. INPUT UATA BUFFER.

chri - character array containing the names cf the speech system
SUBROUTINE? which are loaded in the processing version of
JHE SYSTEM.

CHRp - CHARACTER ARRAY CONTAINING THE NAMES CF THE SPEECH StSTEM

SUBROUTINES WHICH ARE not LOADED IN the PROCESSING VtRSION
CF THE system.

COoMm - COMMAND TO BE EXECUTED.

1DlT CCMMCN VARTARIE. SPACING (IN NO: OF TIME SAMPLES) Be IwfcoN
analvses OF DATA.

1SAMP - CCMMCN VARIABLE. POSITION OF SAMFLb PCINIER RELATIVE 10
the data tafe.

1SAmnPB- CCMMCN VARIABLE. POSITION OF SAmFLE POINTER RELATIVE 1U
EIFF .

ITIME - CCMMCN VARIABLE. NUMBER CF TIME POSITIONS IN DISPLAr.

IWID - CCMMCN VARTABIE. WIDTH OF DATA DISPIAY WINDOW (IN NO. OF
SAMFLES).

L6LK - CCMMCN VARIABLE. NUMBER CF ENTRIES IN EACH BLCCK IN BUFF.

nval - iInteger parameter for com.

title™*

DIMENSION CHF1 (12). CHR2<2>

DATA (CHRi(0)«3HFOPME, 5HSPECT»5HSPDIS»  5HPyRON »5HNURMF»
5HZEPCC. 5HHIEMP, sHSTAND#  sHTFFTo , SHPHCTU,
SPWHATN, SHINIT1# 9HFIN1S)

DATA (CHHg(0)»4HCOF Y* 5HOBT Al» SHTHRSP)

COMPARE COM AGAINST the NAMES IN CHri ftc SEE IF IT 1Ib
A COMMAND TC CALL A SUBROUTINE IN THE PROCESSING VERSION OF
THE system.

DO 20» 1=0" 12
IF (COM - CHFz1 (1)) 20» 50» 20
CONTINUE

IF CCM DID NOT MATCH A NAME IN CHRi , CHECK 11 AGAINST
CHF2 TO SEE IF IT IS A COMMAND TO CALL A SUBROUTINE NUT IN
THE PROCESSING VERSION OF THE SYSTEM.

DO 40» 1=0»

IF (COM - CHFz2 (1)) 40» 60» 40
CONTINUE

RETURN1

IF LCM MATCHET A NAME IN CHRJ» TRANSFER COANTKOL TC THE



00023

00025

00050
00053
00056
00056

00057
00060
00061
00062
00063
00064
00065
00066
00067
00070
00071
00072
00073
00074
00075
00076
00077
00100
00102
0uU103

00105
00116
00120
00122
00123
00124
00125
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CSL FORTRAN OF SEHT 1$60, TATE 8/12/71

C
C

C

[P @]

OO0O0

OO0

OO0O0O0O0O0O0

50

61

100

110

120
130

140

150

160

17u
171

172

appropriate call .

1=Tel1l
FCRME-SPECT-SPDIS-PYRON-NORMF-ZEROC-HrEMP-bTANU-
GO TO ( 100# 110# 120# 130 » [1AO# 150* 160#  170#

N fte-fhcto-uhatn-initi-fims
leo > 150# 200# 210» 220) 1

1F CCM HATCHET A NAME 1IN CHR2# PRINT OUT A MbSSAUE
TELLING TRE OPERATOR IT IS NOT LOADED.

WRITE OUTPUT TAPE 1%, 6l
PRINT 61
FORMAT (20H FROGRAM NOT LOADED.)
GO TH 500
CALL RECLESTET SUBROUTINE.

CALL FORMEX

GO Tu 500
CALL FINI
CALL SPECTO
GO TO 500
CALL SPD 1SP
GO TO 500
CALL FINI
CALL PYRON
GO TO 500
CALL NORMF
GO TO 500
CALL FINI
CALL ZEHLC
GO TO 500
CALL HIEMP
GO Tu 500

IF GivivAD) 172 » 172» 171
ISAMP = NVAL
CALL ADJLS2(UIC» -1)

LUAC ITIME WITH THE NUMBER OF TIME SAMPLES IN THE CURRENT
SPEECH WwC#D, BIFTiISAMPB + 4) WILL CONTAIN THE NUMBER OF BLOCKS
IN THE SPEECH WCRD (FLOATING POINT) AS A RESILT OF THE UNPACKING
OPERATION  INADMUS?" . (NOTE THAT jUNPACK STARTS AT THE RIGHT
QUARTER CF THE PACKED WORD).

(EUFF (1SAMPB +4 >*L.BLK)/IDELT
ISAMF & LBIK

IT IME
I SAMP
CALL FINI
CALL SPtCTO
CALL NORHF
CALL HIEFF
CALL SPD iSP



00126
00127

00130
00131
00132
00133
00134
00135
00136
00137
00140
00141
00142

00143
00144
00145
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CSL FORTRAN OF SEPT 1568, TATE 8/12/71

TO OO0

leu

1vu
200

210
220

OO0~

50U

--FORTRAN

COM = 4HLCCA
RETURN

MOl b TI-AT SETTING COM = 4HLOCA WILL CAUS& THAT COMMAND 10
BE EXECUTED AFTER FROSCL RETURNS, PROVIDFC TEAT PHOSCL 1S CALLED
BEFORE TEE SLBRCUTINE WHICH DtTECTS AND PROCESSES THE LOCA COMMAND

CALL FINI
CALL TFFTB
GO TO 50U
CALL PHOTC(NVAL)
G0 TO 50U
CALL WHATNOW
GO Tn 500
CALL INZTI
GO TO 500
CALL FINI

G0 TO 500

AFTER CALLING TEE APPROPRIATE SUBROUTINES» SET COM TO 0*0
TO INDICATE Teat TEE COMMAND was EXECUTED and NO OTHER COMMAND
NEEDS TO EE PERFORMED.

COM = 0*0
RETURN

END



3.5 DATGCL (COM. NVAL, NVAL2, FNAME)-~

This subroutine checks for and executes commands which
involve calls to those subroutines which are loaded with the data
gathering version of the system. It also checks for commands which
are used exclusively by the processing version of the system but in
this case, it simply types a message reminding the operator that
that command does not exist in the currently loaded system.

The execution of the subroutines is entirely straightforward
and simply involves a CALL statement. The commands which are executed

by DATGCL are as follows:

COPY call COPY (NVAL, NVALZ2, FNAME)
EINIS call FINI

INITI call INITI

OBTAI call OBTAIN

PHOTO call PHOTO (NVAL)

THRSP call THRSPIC (NVAL, NVAL2)

WHATN call WHATNOW
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fortran of sept i*68, +tate 0/12/71

20

51

SUBROUTINE CATGCL(COM, NVAL, NVAL2» F"NAVE)

THIS SUEROUTInE CHECKS FOR COMMANDS INVOLVING CALLS 70
SUBROUTINES HHICH ARE ONLY USED BY ONE OF THE TWO SYSTEM
VERSIONS. IT EXECLTES ALL CALLS TO SUBROUTINES USED bY THE
DATA GATHERING VERSION AND PRINTS OUT A MESSAGE FUR ANY COM*
MAND REQUESTING A SLbrCuTINE WHICH IS NOT LOADED.

chri - character array containing the names of the speech system
SUBROUTINE? WHICH ARE NOT LOADED IN THE DATA INPUT VtRSION
CF T>E SYSTFM.

CHR2 - CHARACTER ARRAY CONTAINING THE NAMES OF THE SPEECH SYSTEM
SUBROUTINE? WHICH ARE LOADED IN THE CATA INPUT VERSION OF

IHE SYSTEM.
COoM - CCMMAnD TO EE EXECUTED.
fnamp - character variable parameter for com.
NVAL - FIRST integer PARAMETER FCR COM,
NVAL2 - SECCNC INTEGER PARAMETER FOR COM.
TITLE*

DIMENSION CHF1(8 )» CHR2(6)

DATA (CHRi1 (O >«5HFORME . 5HSPECT, 9HSPDIS, 5HPYKCN, 5HNURMF,
5HZERCC, B5SHHIEMP* gHST AND» SHTFFTB)

data (chr2<q>«4HCOfy, shobtai» shthrsp» shphcto» shwhatn,
SHINITI. 3HFINIS)

COMPARE COM AGAINST THE NAMES IN CHri TC SEE IF IT IS A
COMMAND TC CALL A ?LBRCUTINE IN THE PROCESSING VEKSION OF THE
SYSTEM.

DO 20* 130» £
IF (COM - CHF1( 1)) 20> 50» 20
CONT INUE

IF CCM CID NOT MATCH A NAME IN CHRI, CHECK 11 AGAINST
CHR2 TO SEE IF IT IS A COMMAND TO CALL A SUBROUTINE IN.THfC
DATA GATHERING VERS I'IN OF THE SYSTEM.

DO 40» 1=0»
IF (COM - CHR2(1)) 40» 60» 40
continue

RETURN

IF CCM MATCHET A NAME IN CHRI» PRINT OUT A MESSAGE
TELLING THE CPERATCFi IT IS NOT LOADED.

WRITE OUTFUT TAPE 19, 51

PRINT 51

FORMAT (2oH PROGRAM NOT LOADED.)
GO TO 500

IF CCM MATCHET A NAME IN CHR2» TRANSFER CONTROL 10
THE APPRCFRI ATE CAI L.
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CSL FORTRAN OFf SEPT 1568, CATE 8/12/71

C
00032 to =1 +1
C CCFY -C8TAI-7HRSP-PHOTO-WHATN-INITI-FINIS
00034 . PC To ( 100# 110# 120# 130» 140# 150- 16Q) 1
C call REQUESTED subroutine.
c
C
o COPY .
r
00051 10 U CALL COPYT(NVAL, NVAL2* FNAME)
00055 GO Tr 500
C
C OO0 TAI , IN THE CASE OF OBIAIN. THE SUBROUTINE WILL
c LOCP UNTIL THE MACHINE IS STOPPED MANUALLY. THERE IS
o] NO RETURN.
c
00056 1iu call obtain
c
o] 1HRSF .
r
00057 120 IF (NVAL2) 122# 121# 122
00061 121 NVAL2 = LCCCF/LBLK - 1
ouU64 122 CALL THRbF IC (NVAL, NVAL2)
00066 GO TO 500
C
c PHO1C.
S
00067 130 CALL PHQTC(NYAL)
00070 D GO TO 500
C WHAT N .
c
00071 140 CALL WHA INOH
00072 D GO To 500
o INIT L.
c
00073 150 CALL HIT 1
00074 GO TO 500
r
C FINIS.
C .
00075 16U CALL FIM
00076 GO TO 50U
|
C AFT tp CALLING the APPROPRIATE SUBROUTINE or PR IN1IMG the
C MESSAGE# set COH Tr 0.0 TO INDICATE THAT THE COMMAND HaS BEfcN
C TAKEN CARE CE AND THEN RETURN.
v
00077 5UU CcoM = 0o.uU
00100 RETURN
00101 END

——fortran
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3.6 SyVPCOM (COM, NVAL)

This subroutine checks for and executes commands involving
the data tape position and the data display. After performing the
indicated operations it readjusts the data tape and/or generates an

updated display if necessary. The commands are as follows:

BEGN - Set up the system to begin reading a data
tape, i.e. rewind tape unit k and load up
BUFF from it. Also set all constants and
variables to the initial values determined

by INITI and print them out.

F - Short version of FOWD=001000.

FIND - This command is used to find specific
speech words on a data tape by looking at
the header blocks along the tape. |If NYAL
is positive and non-zero, the system will
accept the next NVAL 5-character entries as
names to be searched for and will save
them in an array. IT NVAL is greater than 16
(the number of entries in the array) an
error comment will be given. If NVAL is
zero or negative, the system will search
the data tape, beginning with the block
in which I1SAMP is currently located, for a
header containing the name of any word
previously saved in the storage array.

Care must be taken since if no match is



FOWD

HEADT

IWIDE

LOCA

MOVE

37

found, the system will eventually run off

the end of the data tape.

Move ISAMP forward NVAL samples and recom-

pute the display beginning at that point.

Causes the block currently being pointed

to by ISAMP to be interpreted as a header
block. ITIME is calculated from the length
of the data word as indicated by the header
block and then ISAMP is advanced by one

block length.

Change the width of the display to NVAL

samples and recompute the display.

Print out the current value of ISAMP on

the printer and on the typewriter.

Move ISAMP to the position on the data
tape indicated by NVAL and recompute the

display.



rSL FORTRAN 0J- SEPT 1568, TATE 8/12/71
SUBROUTINE TAFCCM(COK, NVAL)

C
(4] THIS SUBROUTINE checks for and EXECUTES commands involving
C THE DATA CISFLAY AND DATA TAPE POSITION,
(o}
(o] char - character array containing the names of the commands which
C ARE EXECUTFD by tapconm.
(o} CHRS - CHARACTER ARRAY USED TO HOLD THE NAMES OF THE WORDS BEING
(o] LCOKEC FOR IN THE EXECUTION OF A FINT COMMAND,
Cc COM - COMMAND TO EE EXECUTED.
(o] FTMP - TEMFCRARY FLT. PT. VARIABLE USED TO CONTAIN THE NO. UK
Cc SAMFLES TO EE PLOTTED BY CISSY.
IBLF - TEMFCRARY PUFFER USED BY ELOCKRD TO HOLD DATA WHEN IHE

lata tape 1is being searched.

ICEik - LCMVMTN VARIABLE. BLOCK NC . OF ThE CIRRENI BLOCK WHiLH IS
STORED IN THE FIRST BLOCK OF BUFF.
IDELT - CCMMCN VARIABLE. SPACING (IN NO. OF SAMPLES) BETWEEN

ANALYSES OF DATA.

ISAMP - CCMMCN VARIABLE. POSITION OF SAMPLE POINTER RELATIVE 1Q
the cata tape.

I1SAMPB- CCMMCN VARIABLE. POSITION OF SAmFLE POINTER RELATIVE 1IQ
BLFF .

I1SCOP1- CCMMCN ARRAY. DISPLAY BUFFER.

IUN IT - CCMMCN VARIABIE. UNIT TO BE LSEn AS THE COMMAND INRuUT

cevice.

IWID - CCMMCN VARIABLE. WIDTH OF DATA DISPLAY WINDOW (IN Nb. OF
SAMFLES ).

LBLK - CCMMCN VARIABLE. NUMBER CF ENTRIES IN EACH BLOCK IN BUFF.

MASK - CCDE USED TC IDENTFY A HEADER BLOCK.

N6LK - CCMMCN VARIABLE. NUMBER CF DATA BLOCKS IN BUFF.

MUM - HIGHEST [INTEX USED IN CHRS*

nvai - integer parameter used by com.

SYM - LOCATION CONTAINING SYMBOLIC NAME OF THE DATA ASSOCIATED
MTH THE HEADER FLOCK CURRENTLY REING LOOKED AT.

xb - dummy variable used 1in inptcm and dissy calls.

O00000O0O000O000O00O00O000O0NO 000

TITLE*

DIMENSION CHAR (7), CHRS(15>» 1BUF(250>
FOUIVAIENCE (IBIF(j), A(3002))" (SYM, A(s004)>
DATA (MASK=7/77777777777777B)

DATA (CHAR(0)*4HBEGN, [IHF» APEOWD, 5HIw1DE# 4HLOCA,
1 4HMOVE,  5HHEADT, 4PFIND)
C
c COMPARE COM AGAINST THE NAMES IN CHAR TC SEE IF IT IS A
o] COMMAND INVCLVING THE STATE OF THE DATA DISPLAY OH THE POSI-
c TION OF IHE CATA TAFE .
C
DO 20, 1=0» 7
00006 IF (COM - CHAR(1)) 20> 50, ¢U
00011 20 CONTINUE
00012 return

c IF CCM MATCHEr A NAME IN CHAR, TRANSFER CCnTHOL 10 IHE
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C
C
Au 013 50
C
0Q15
10Q c
C
C
033 100
1
036
10037
C
C
C
| C
C
C
C
I 0041
00043

044 11U
ig45 12U
046
50 13U
051
052 140

56
0062 141
062
00v63 150
064
065 160
076
010 0
C
C
C
Jjo102 170
C
C
C

§0104 171
00107
0112
0112
0113
00114
0121
0127
00130 172
Jul3l

1711
1712

1713

CATE 8/12/71

APPROPRIATE CCDE.

I=1+1
BEGN - F
GO TO ( 100# 110#

-FOWD -1IWIDE-LOCA -HOVE -HEADT-FIND
120# 130» 140# 150# 160# 1/0) 1

EXECUTE THE APPROPRIATE COMMAND.

REWIND 4
CALL INH 1
icblk = -nblk

ISAMP a NVAL

FILL UP SAMPLE BUFFER BY CALLING ADJLS2.
ADJUS?  WILL KNOW TRAT THE TAPEIS RESTING AT BLOCKNUMBER ZtKu.
ALSO» SINCE ISAMP s SOME POSITIVE NUMBER, TpBREWILL ALWAYS Bt AN
OVERFLOW CONDITION, AND WITH NFLAG a -1# THE BUFFfcR WILL BE AUJUSIEU
WITH ISAMP IN THE LEFTMOSTBLOCK.

SINCE ICBLK = -NbLK,

CALL ADJLS2CIWIE# -1)
GO TO 510
NVAL = 1000

ISAMP = ISAMF ¢ NVAL
GO TO 5UO0

IWID = NVAL

GO TO 500

WRITE OUTPUT TAPE 39,
PRINT 141, ISAMP
FORMAT (7H iSAMpal™)
GO TO 520

ISAMP = NVAL

GO TO 500

ITIMF = (BUFF(ISAMFE +4)*LBLK)/IDELT
ISAMP = ISAMF  LBLK

GO TO 500

141# 1SAMP

FIND.

IF (MVAL) 173# 173# 171
CHECK TC SEE THAT THE NUMBER OF NAMES WILL NUT
EXCEED THE BCLNCS CF THE CHRS ARRAY AND THEN READ THEM
IN.
IF (N\VAL - 16) 1713# 1713# 1711
WRITE OUTPUT TAPE 19, 1712
FORMAT (24H NC. OF WORDS TOO LARGE.)
GO TO 500
NUM = NVAL - 1
DO 172# 1«O# NUM )
CALL INPTCM(CCM, XE, XB, X0,
CHRS(1) = CCN
CONTINUE
GO TO 520
SEARCH DATA TAPE FOR A NAME CONTAINED

IUNIT)

IN CHRS.
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00132
00136
00140
00144
00145
00153
00157
00162
00163
00164

00166
00173
00200
00200
00202
00215
00217

00221

00223
00224
00226
00242
00243
00244

fortran

173
174

175

176
1761

177
178

520

Fortran or sept 1*68, tate 8/12/71

ISAMP = (ISAtP/LBLK )*LBLK

CALL ADJUS2<G# O>

CALL BIOCKRCIg# O# 0)

ICBLK = ICBLK ¢ 1

IF (IBUF(1) - MASK)  1761# 175, 1761
Uo 176, 1=0, NUM

IF (CHRS(1) - SYM) 176# 177,.176
CONT INIIE

isamp = isamf ¢ Iblk

GO TO 174

WHEN A NAME 1? FOUND, TYPE MESSAGE# EXECUTE A HEACT COMMAND,
AND RETURN.
WRITE OUTPUT TAPE 15, 178, SYM, ISAMP
PRINT 176, SYM# [1SAMP
FORMAT C/H FCLND A£,12H AT ISAMP « 16)
CALL ADJLS2(UIC, -1)
ITITME = (FLCATF(IBLF(2))*LBLK)/IDELT
isamp = [WiSamf ¢ Iblk
GO TO 500

ADJUST EIFFER IF NECESSARY.
CALL ADJIS2<U ID, 1)

GENERATE NEW TISPLAV AND THEN RETURN.
FTMP = IMD
XP 0<0 )
CALL DISSY(XE,BUFF(ISAMP8), IWIU, ISCOP1,2000 #-TMP#1024 ,,0)

cCOM =0.0
RETURN-

END
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3.7 DIAGNG (COM, NVAL, NVAL2)

This subroutine checks for and executes commands which are
used for diagnostic or utility purposes, i.e., those commands which
can he used to look at, save, or read hack various types of data.
The execution of the commands, whose descriptions are given below,

is very straightforward.

BUFF Causes the contents of array A between the
limits NVAL and NVAL2 to be printed out.
Note that since all major data arrays have
been defined equivalent to some portion of A,
this command allows the operator to print out

any data array provided he knows its location

within A.
C Causes the next line of data from the input
device to be treated as a comment. It will

be printed out on the printer and typed out
on the typewriter.

DISP Causes the contents of array A between the
limits NVAL and NVAL2 to be displayed on
the CRT.

INTAP Sets the input medium. If NVAL = 0, the
typewriter is selected. Otherwise, the paper
tape reader is used. Note that IUNIT is not
loaded directly by the operator which could
be done if it were included with the other

operator-controlled system variables.



READF

REWIN

SAVEF

b2

This was done to ensure that it would not

he i1nadvertently set to some value other than
those allowed by the 1/0 programs.

Read in the FINT array and the values of
IFREQ and ITIME from magnetic tape unit #3.
IT NVAL is specified and not zero, read the
tape NVAL times. This allows the operator
to space past save areas on the tape without
giving successive READF commands.

Rewind magnetic tape unit NVAL.

Write out FINT array on to magnetic tape
unit 3. Also save the values of IFREQ and
ITIME to indicate how much of the data is

valid
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CSL FORTRAN OF SEPT 1$68, TATE 8/12/71
SUBROUTINE DIAGnG(COM, NVAL, NVAL?)

THIS SLEROLTINE checks FOR AND EXECUTES commands which ARE
USED FOR »DIAGNOSTIC and utility purposes, IE. THOSE COMMANDS WHICH
CAN BE USED 1C LOOK AT, SAVE, OR READ BACK VARIOUS TYPES OF DATA,

A CCMKN ARRAY. name FOR SYSTEMS COMMON STORAGE ARRAY.

CHAR character array containing the names of the commands which
are executed by diagng-

COM command to be executed .

F INT CCMMCN ARRAY. OUTPUT INTENSITY ARRAY.

ftmp - TEMPORARY FLT. PT. VARIABLE USED TO CONTAIN THE NUMbfcR OF
samfles to ee plotted by cissy.

IMAx - CCMMCN VARIABLE. MAXIMUM FREQUENCY [INDEX FOR FINT.

IFRED - CCMMCN VARIABLE. NUMBER CF FREQUENCY POSITIONS IN DISPLAY

IMAX - maximum length OF FINT array.

ISCQPI- CCMMCN ARRAY. DISPLAY BUFFER FOR DISSY.

ITIMP - CCMMCN VARIABLE. NUMBER CF TIME POSITIONS IN DISPLAY.

ITMAv - CCMMCN VARIABLE. MAXIMUM TIME InDEx FOR PINT,

ITMP - TEMPCRARY integer variable.

IIN IT - CCMMCN variable, unit to be Ised AS THE COMMAND INPUT

device.

DO00000000000O00O0OCO0OOO0O00 000 O

MESS - TEMFCRARY buffer used to HOLD INPUT COMMENT message
FRICH TC ITS being PRINTED AND TyPED.

NVAL - FIRST INTEGER PARAMETER FCR CCM.

NVAL? - SECOND INTFGER PARAMETER FOR COM

xB dummy variable used 1iIn dissy.

TITLE*

DIMENSION CHAR(E), MFSS(io)
data (CHAr (q )«4HOUFF , 4HDI SP, 5HREADF, 5HsaVEF, S5HREwWIN,

c 1 1HC, S5HINTAP)
C COMPARE CCM AGAINST THE NAMES IN CHAR Tf SEE IF IT IS A
C command involving diagnostics.
C
DO 20, 1=0» +
00006 IF (COM - CHAR(I)) 20»50,20
00011 20 CONTINUE
00012 c return
C IF CCM MATCHED A NAME IN CHAR, TRANSFER CCNTKOL TO THE
8 appropriate ccde.

00013 50 1=1+1
BIFF -DISP -REaCF-SAVEF-REW IN- C -IMAP
00015 BO TO ( 100, 110, 120» 130» 140, I5n, 160) i

PERFORM THE RECUESTED DIAGNOSTICS.

OO O

00032 130 PRIM 601, (A(l), IsNIVAL, NVAL2)
00 044 G0 TO 500
00045  1IG ITVP = NVAL2 - NVAL + |
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00047
00050
00052
00066
00067
00070
00073
00074
00100

o

00112
00116
00123

00125
00126
00133
00140
00152
00153
00155

120

121
122
123

130

14U

TOOO0F

00156
00170
00170
00202
00214
00226
00227
00230
00232
00233

15U
151

160
161

g0 0 Cco

00234
00235
00236
00236
00236
m-FORTRAN

500

601
501

FTMP = 1TMP

X8 = 0e0

CALL DISSY(XE,A(NVAL).ITMP, ISCOPI#2000,FTAP.1024."U)
GO TO 500

IMAX = ITFpAXMTMAX

IF (NVAL) 122 * j21» 122

NVAL = 1

DO 123» ..:. NVAL

READ TAPE 3# (FINT(I1)# 1=0» IMAX >

RESTORE TRE VALLES CF ITIME AND IFREQ.

ITIME = FINT(IMAX)
IFREO = FINT(IMAX=J )
GO TO 500

IMAX = TEMXMTMX

FINT(IMAX)  m ITIME

FINTCIMAX=i) m IFRfC

WRITE TAPE 3* CFINT(I># 1=0¢ IMAX)
GO TO 500

REWIND NVAL

GO TO 500

READ IN A COMMENT FROM THE CURRENT [INPUT MEDIUM AND WRI»b
IT OUT ON THE TVPELRITTER AND THE PRINTER. THEN WAIT FOR ANY
tyff of Input from the typewriter before continuing.

READ INPUT TAPE IUMT, 151# MESS
FORMAT <1q (AE>)

WR1Tp OUTPUT TAPE jO, 151# MESS
PRINT 151# MESS

READ INPUT TARE 19, 151» MESS

GO TO 500

IUMT = 19

IF (NVAL) 161# 500» 161

IUMT = 54

GO TO 500

AFTER PERFORMING THE REQUESTED DIAGNOSTICS, 6ET CGM 10
0.0 TO INDICATE THAT THE COMMAND WAS EXECUTED AND THEN RDTUKN.

COM = Q.0

RETURN

FORMAT (2X#1C(Fe .2,2X) >
FORMAT (2X»1C(Fg .2.2X) )

END
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3.8 INITI

This subroutine is used to initialize the values of the
system constants and variables. Its structure is extremely simple
since it consists almost entirely of assignment statements. After
the values have been assigned, INITI calls FINI to calculate the
remaining dependent variables and to print the values of the variables

out on the printer.
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0000000000000 OOOOOOLOOOOOOLOOOOOOLOLOLOLOOOLOLOLOLOOOOOOOCIOOOO

SUBROUTINE IN[TJ

THIS SUBROUTINE IS USED TO INITIALISE THE VALUES Ofc THE
VARIOUS XOMMCN AREA VARIABLES USED BY THE SYSTEM, 4FTE& THIS
HAS BEEN DONE* THE SUBROUTINE PRINTS OUT A MESSAGE, WHICH
INDICATES THAT ALL VARIABLES HAVE THEIR STANDARD VALUES AND
THAT ANY VARIATIONS DESIRED MUST BE TYRED IN.

EMRFC m FACTOR USED BY HIEMP TO CONTROL THE nON-UN]AR EMPHASIS
CF THE HIGH FRIOUENCY DISPLAY COMPONENTS IN THOSE DIS-
PLAYS UTILIZING FREQUENCY AS THE VERTICAL DIMENSION.

FIM = SUBROUTINE. CALCULATES THE DEPENDENT PARAMITERS BASED
ON THE VALUES JUST GIVEN TO THE INDEPENDINT PARAMETERS*
TURNS OFF THE CRT, AND PRINTS OUT THE CURRENT VALUES
CF THE SYSTEM VARIABLES AND CONSTANTS ON TH] PRINTERT

FINTM = MINIMUM INTENSITY VALUE WHICH WILL BE DISPLAYED BY SPDISP.

IDIL <DISTANCE BETWEEN POINTS BEING GENERATED FOR DISPLAY
BY SPDISPi

IDELX »NUMBER OF DISPLAY POINTS INTERPOLATED BETWEEN EACH HORI-
ZONTAL DATA POINT IN THE ARRAY To BE DISPLAYED BY SPDISP,

IDELY =mNUMBER CF DISPLAY POINTS INTERPOLATED BETWEEN EACH VERTI-
CAL "DATA PCINT IN THE ARRAY TO BE DISPLAYED BY SPDISP.

IDELT m "SPACINGIIN NO. OF TIME SAMPLES) BETWEEN ANALYSES OF DATA.

IENDS « NUMBER OF LOCATIONS IN INPUT DATA BUFFER WHICH WILL BE
USED BY THE OBTAIN SUBROUTINE. i

IFMAX = MAXIMUM NUMBER OF ENTRIES ALONG THE FREQUENOY DIMENSION
CF FINT,

IFREQ = NUMBER -OF FREQUENCY POSITIONS IN DISPLAY,

isamf « sampling FREQUENCY OF A TC D CONvERTCR.

ITIME m NUMBER CF TIME POSITIONS IN DISPLAY. )

ITLIM « USED BY THRSPIC AS THE THRESHOLD VALLE FOR OETERMIN iNG
WHETHER OF NOT TO COUNT A GIVEN SAMPLE WHEN ENUMERATING
THE (NUMBER CF SIGNIFICANT SAMPLES IN A DATA BLOCK.

ITMAX « MAXIMUM NUMBER OF ENTRIES ALONG THE TIME DIMENSION UF
FINT .

IWID = WIDTH OF DATA DISPLAY WINDOW(IN NC. of SAMPLES)!

IXMAR m USED BY SPDISP TO DETERMINE THE LEFT HAND MARGIN OF THE
DISPLAY REt ATIVE TO THE X«O LOCATION. EXPRBSSED IN NO.
CF BCUIVALENT TIME SAMPLES.

LBLK = NUMBER CF ENTRIES IN EACH BLOCK IN BIFF(MUSI BE MULTIPLE

CF A).

LBLK4 « 1/4 %HE LENGTH OF ONE BLOCK IN BuFF, THIS DETERMINES THE
NUMBER OF BNTRIBS IN A PACKED BI CCK ON MAGNETIC TAPE.

LGNBF « LENGTH CF BIFF (IN NUMBER OF ENTRIES). .

LGNSM «LOG TO THE BASE 2 OF NSAMT. THIS TELLS THE FFTO SUBROU-
TINE HOW MANY [ITERATIONS IT WILL HAVE TO PESFORM.

NBLK m NUMBER OF BLOCKS IN BUFF.

NSAMT « NUMBER CT TIME SAMPLES TO BE ANALYSED IN EAQH TIME SLICE,

ovfac @ factor used by the normf subroutine when nobmalizing the
display DATA. THE HIGHEST INTENSITY POINT O BW DIS-
PLAYED IS SET TO 255*0VFAC AND THE OTHER POINTS ARE NOR-
MALIZED LINEARLY ACCORDING TO THIS VALUE,
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title™
5 ITLIH = 10

00003 iWiD = 900
00004 FINTM s 20.0
00005 IDElI a 7
00006 idelx @ 4
00007 idely a 0
00010 idelt a 250
00011 iendb @ 20000
00012 7 ixhar @ 40
00013 ifreq & 90
00014 ifmax a 10C
00015 ithax @ 150
00016 isamf @ 20000
00017 ITIME a 140
00020 Iblk @ 1000
00021 LBLK4 a L6LK/4
00023 LGNSH a 7
00025 nblk & 2
00026 LGNBF a LBLKA4NB
00027 NSAMT a 250
00031 NSHT2 a NSAM/2
00033 ovfac a 1.7
00035 EMPFC a Al

W

g print OUT ASSIS
00036 10 CALL FINI
00037 RETURN
00040 END

-«FORTRAN



This subroutine is used to calculate the system’s dependent
parameters on the basis of the current values of the independent
parameters. It is generally called when the system is initialized
or whenever the value of an independent parameter is changed.

Once the dependent values have been calculated, the subroutine
turns off the CRT display, prints out the values of the pertinent

variables, and returns.
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SUBROUTINE FINI

THIS SUBROUTINE IS USED TO CALCULATE DEPENDENT VARUBLfCS
AFTER THE OPERATOR HAS FINISHED CHOOSING PARAMETERST U THEN
PRINTS OUT ALL THE VALUES.

DELF CCMKN VARIABLE, DIFFERENCE FREQUENCY BETWEEN LREQUENCY
SAMPLES OF THE DATA ARRAY TO BE DISPLAYED. THIS VARIABLE
IS ALSO SIMPLY THE FUNDAMENTAL FREQUENCY FOR THE TIME
PERIOD REPRESENTED BY THE LENGTH OF yHE PRESENT TIME SLICE

DTIME « ccmmcn VARIABLE, LENGTH CF TIME<IN SEC.) BETWEEN DATA
SAMPLES.

IOVLAPa OVERLAP BETWEEN SUCCESSIVE TIME SLICESUN Nfl. Ot SAMPLES).

ISAMF a CCMMCN VARIABLE, INTEGER REPRESENTATION OF THE SAMPLING
FREQUENCY CF THE A TO D CCNVERTOrUN SAMPLES/SEC.).

SAMF  * CCMMCN VARIABLE, FLOATING POINT SAMPLING FREQUENCY OF
A TC D CONVERTOR (IN SAMPLES/SEC.).

TOTFO * TCTAL FREQLENCY SPREAD OF DISPLAY.

TOTIM a TCTAL TIME SHOWN ON DISPLAY (IN SEC,).

TITLE*

CALCULATE THE DEPENDENT PARAMETERS ON THE BASIS OF THE VALUES
PREVIOUSLY CHOSEN FOR THE INDEPENDENT PARAMETERS.

200 SAMF  * FLOA7F(ISAMF)

OO000 000000000000 OOOOOOO

00004 DELF » SAMF/FLCATF(NSANT)
00010 DTIME * 1.0/SAMF

00011 TOTFQO » IFREG*DELF

00014 TOTIM a ITIME*ICELT

00016 TOTIM ®m tctim/samf

00020 IOVLAPa NSAMT - IDELT

COMHANC IS fims PRINT THE VALLES WHICH HAVE BEEN
CHOSEN AND THE EFFECT CF THESE CHOICES On THE DEPENSENT

VARIABLES,

00022 CALL STOPSCCF

00024 PRINT 250, FINTM, ICBLK, IDEL« IDELT, InELX, IDELY,
1 IENDB. TFREQ. ISAMF. ISAMP, ISAMPB , IT IME«
2 IFMAX, [1TMAX, LGNBF, ITLIM, IXVMAR, EMPFC

00051 PRINT 251« LELK, LBLK4, LGNSM, NBLK, NSAMT, NSMf2«
1 CYFAC, DELF, TOTIM, TCTFQ, IOVLAF

00067 250 FORMAT (CHIFINTH sF6 Q,8H ICBLK 816»8H ICEL »16,
1 /8VW IDELT 816,84 itelx al6,84 IDELY 816»84 IENDS 816»
2 /8H IFREC 816*8H ISAMF al6»8H ISAHP 816»SH I1SAMPBSU,
3 /8H ITIME 816i0H IFMAX sI6»8H ITMAX 816»fH Ignbf =u ,
4 /8H ITLIM 816*8H IXMAR al6»8H EMPFC 8F6#'R_I

00067 251 FORMAT (& LELK el6»8H LBLK4 816 Ignsm 816#
1 /8H NBLK 816«8H NSAMT *16»8H NSMT2 816.84 OVFAC =F6.1,
2 /8H DELF ®F6 .0#8H TOTIM aF6.3,8H TOTFO »F6 go-
3 8H OVLAF ml6#9H Samples )

00067 RETURN

0 END

0007
*-FORTRAN
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3*10 PISSY (XBUF, YBUF, NUM, ISCOPE, ISULGN. XMAX« YMAX. I1FI)

This is the general data displaying subroutine. It obtains
the x and y coordinates of the points to be displayed from successive
entries in XBUF and YBUF respectively. If IFI * 0, successive integers
are used as the x coordinates instead of the contents of XBUF. In
either case a continuous line is drawn through all the points being
displayed.

XMAX and YMAX specify the maximum values allowed for the points
to be plotted. The CSL display routines will use these values to
determine the size of the display and to calculate the position of each
point. Any coordinate which may exceed its corresponding ma-Yirmim will
be truncated to the maximum value.

ISCOPE is the buffer to be used by the CSL display routines in
constructing the display commands. [ISCLGN specifies the length of this
buffer. 1f a command is every given which causes the display routine to
completely fTill the buffer, a comment will be typed out on the typewriter
by the CSL display routines.

IT IFlI = 0, an additional option can be used, namely the
production of cursor lines vertically across the display. IT IF1 = 0,
then the zeroth entry in XBUF will be checked to find out how many
cursors are to be plotted, and the successive entries in XBUF will be
used as the locations of these cursors along the X axis. Note that
if no cursors are to be drawn, a single variable (nhot an array)

containing the value ”0.0" may be used for XBUF.



00003
00004
00015
00022
00024
00 025
00026
00027

00034
00 035
00040
00041

00043
00050

00054
00061
00061

00065
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OO0 000000000000 0000O0000O0

SUBROUTINE cissy<xbuf,ybuf.num,lscope,isclgn.xmax,ymax,1F1l)

THIS SUBROUTINE DISPLAYS THE DATA In XBIF AND YBUF
AS THE X AND Y COORDINATES. RESPECTIVELY ,«OF A SfcRIES OF
NUM POINTS. THE BIFFER, ISCOPE, IS USED TO CONSTRUCT THE
display buffer, processing begins with the ?eroth location
IN XBUF and YBUF.
IBFRPTs CISFLAY BIFFER POINTER - USED BY DISPLAY ROUTINES AS POINTS
ARE ADDED TO THE DISPLAY.
Irl = -1, USE XRUF AS A floating pcint number array.
» 0. USE SUCCESSIVE INTEGERS BEGINNING WITH 1, INSTEAD
OF XBIF. XBUF CONTAINS A LIST c POSITION MARKERS
(IN FIT. PT.) TO BE DISPLAYED ALONG WITH THE DATA.
XBIF(0) CONTAINS THE NUMBER OF MARKERS,
» *1# USE XBLF AS AN INTEGER NUMBER ARRAY.
isclgn™ length of display buffer.
ISCOPE» DISFLAY BIFFER TO BE USED BY DISPLAY ROUTINES.

NLM = NUMBER OF FOINTS TO BE DISPLAYED.
XBUF = X coordinate buffer.

XMAX = PAXIPUP X COORDINATE VALUE.

YBUF * Y COORDINATE BUFFER.

YMAX * PAXIPUP Y COORDINATE VALUE.

DIMENSION XELF (1), YBUF(i), iSCOPb(I)
STOP SOCPE DISPLAY WHILE BUFFER Is BEING LOADED.

CALL STOPSCCF

IBFRPT = 1 )
DIPI.AY 200 (ISCOPF . ISCLGN. IBFRPT)/XMAX. 0.0.YPAX, U.U
DO 100 » 1*0. (NIM-1)

IE (IF1) = AO. 50. €0

40 FTMP XBlF(l)
GO TO 90
50 FTMP = 1
GO TO 90
—--ILLAR
XX60 LDA 1 XEIF
STA ITmP
--FORTRAN
FTMP = ITPP
0 DISPLAY/FTMF. YBUFM)
100 continue
c IF <IF)) 150. 110. 150
C IF IF1 » O, PLCT THE VERTICAL POSITION MARKERS.
C
11U DISPLAY 2Q1/>PAX, 0.0. YMAX, 0*0
ITMP = XBLF <C)
PRINT 130, |ITPP
130 FORMAT @X»7FITMP s 15)

DO 140. 1*1» ITMP
DISPLAY/XBUFE(1), 0.0. XBUF(I). YMAX
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00071
00072
00073
00073
00073

00074
*FORTRAN

140
150
200
201

250

continue

DISPLAY

FORMAT (*XMX<

format
RETURN
END

(«XMAX,

.

xhin.

XMIK.

CATE-

vhax.
YMAX.

S/9/71

ymin.
YMIN,

52

AXES* CLINEMODB)
-UNEHODF)
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Section b
INPUT DATA PROCESSING ROUTINES

The Input Data Processing package consists of those routines
used by the system to obtain data from the A to D converter and to
process it to the point where it can be used by the display routines.

The process used is somewhat tedious and much improvement remains to
be done in the area of automatization of this process.

The subroutine OBTAIN Is used to take data as it comes in on
the A to D converter and to store it on tape. WAITSIG is used by OBTAIN
to wait until the A to D converter input exceeds a certain threshold,
at which time it begins recording the data. THR is used to actually
check the data for the threshold value.

Since OBTAIN can only gather a maximum of Kk seconds of speech
before its buffer fills, the data collection procedure involves playing
the analog data tape for short segments of time. In between time, the
data is written on to a digital tape. Once several tapes have been filled,
THRSPIC 1is used to determine the number of samples in each block which are
above some threshold value and then to print this number out for each
block on the tape. On the basis of this printout and a record of what
words were recorded on the analog tape when it was being fed into the A
to D converter, the desired digital data can be located and marked off.

Once the specific words have been located on the data tapes, the
COPYT routine can be used to extract the data from the original tape and
record it on a new tape complete with a header block containing the word
recorded and the number of blLocks used. The editing process is performed

under control of a command tape which is read by the command processor.



The COPY commands, which cause the command processor to call COPYT,
must contain the block numbers of the beginning and end of the segment

to be saved and a six character representation of the data word

contained in that segment.
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k.1 OBTAIN

This program obtains data from the A to D converter and writes
it out on magnetic tape in blocks of 250 words, each word containing
four 12-bit samples. The data is loaded into data buffer A before
being written on to tape.

The program uses the subroutine WAITSIG to monitor the data
coming into the A to D converter. WAITSIG uses the first two 250 word
blocks in A to alternately store and test the data coming in. When
this data exceeds a certain threshold value, indicated by the common
variable ITLIM, WAITSIG returns, thereby signalling to OBTAIN that
it should begin loading the data buffer beginning at the third 250
word block.

When the data buffer has been loaded, OBTAIN writes the data
out on to magnetic tape unit U in blocks of 250 words each. Due to the
operation of WAITSIG, the Tfirst two blocks may be in reverse temporal
order depending on which block was being loaded when it detected the
point above threshold. IT the first two blocks are in proper temporal
order, WAITSIG returns with its flag parameter set to 1. Otherwise the
flag is set to 0. Then OBTAIN can use this parameter to determine the
order in which to write out the first two blocks of A.

When the program has written out all of the data in A, it

returns.
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CSi FORTRAN OF SEFT 1968, TATE 8/12//1

SUBROUTINE OBTAIN

THIS PROGRAM IS USED TO OBTAIN DATA FROM THE A-D
CONVERTOR AnC TC WRITE JT ONTO TAPE UNIT 4 IN 2$0 WORD
HLCCKS OF PACKED DATA CONSISTING CF 4 SAMPLES PER WORD.
THE BUFFER CAN HOLT 20000 WORDS OP 80000 SAMPLES OF DATA
THIS IS 4.U SECONDS OF DATA AT A .o KC SAMPLING RATE.

THE PRCGr AP USES THE THRESHOLD DETECTING SUBROUTINE,
WAITSIG, TO L"ETECT THE OCCURANCE OF a signal greater
THAN TTLIM 6&FORE THE RECORDING IS BEGUN

A s lata buffer.

IENDQ = ccmmcn variable, indicates length of Data buffer
TC BE USED.

IENDD = INITIAL ADDRESS nr LAST BLOCK IN DATA BUFFER, RELA-

IIVE TO THF BEGINNING OF A.

IFL = flag used €ev waitsig to indicate the iempural order
CF THE FIRST 2 BLOCKS IN A.
2 1 IF IN PROPER ORDER
2 0 IF IN REVERSE ORDER.
ITLIM 2 CCMMCN VARIABLE. SETS THE AMFLITLDE THRESHHOLD

FCR MITSIG.

IX a VARIABLE USED TO INDEX FINAL WRITE TAPE LOOP. CAN-
NCT USE INDEX REG. SINCE NUMBERS BECOME TOO LARGE.

IX1 * INITIAL VALLE CF THE INDEX IN THF FINAL DATA WRIT-
ING LOOP. ITS ACTUAL VALLE DEPENDS CN IHE ORDER OF
fhe first two blocks, as indicated o6y Ihl.

LN S end address of data buffer as determined by 1iendb.

OCOOOOOOOOOOOO0OOOOOOO0OOO0O0OOO0 0N

title*
t CALL FINI

IENDD = IENDE - LB|] K4
IN * 0
-—-1LLAR
CALCULATE emc of BiIFFER AND SAVE IN LN.
Ena A load a REG. WITH ADD. OF BUFFER A
ADD iendb ADD CONTENTS OF IENNB .
STA LN STORE IN LN.
* CALCULATE THE ADDRESS OF THE THIRD BLOCK IN A AND SiORt
* IT IN THE ACTIVATE COMMAND FOR THE A TO D CONVERTOR.
ENA A LOAD A REG. WITH ADB. OF BUFFER A.
ADD LELK4 ADD LENGTH OF A PACKED BLOCK.
ADD LELK4 ADD LENGTH AGAIN.
sal ACT STORE RESULTING ADD. 1In ADDRESS FI1ELD CF
lower half of location act.
fortran
V CALL WAITSIGCA, ITT IM, 1F)

ILLAR
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*

WAIT FOR CHANNEL 5 INACTIVE. THEN LOAD CHANNEL
START LOADING BUFFER A.

EXF 1 51B
LCA LN
SAlL. 0Co05a
;ACl EXF 5  »x ADD. FIELD HAS BEEN LOADED
* WA IT FOR CHANNEL 5 inactive.
EXF 7 51B
--FOKTRAN1
C
\% write oui data cntc tape in BLOCKS CONTAINING LBLK/4 WORDS.
ixi =0
c IF (iFL> 20# 30, 35
C IF IFL IS ZERf, THE FIRST TWC BLOCKS IN A ARE IN REVERSD
C TEMPORAL CRCER. THEREFORE WRITE THEM ON TO TAPE UNIT 4 SEP-
g ARATELY AND BEGIN ICOP WITH third block .
20 WRITE TAPE 4» (A@@), J*250» 499)
WRITF TAFE 4* (AQJ), Ja 0* 249)
IXI = 500
C
c TAPE WRITING ICOP.
C
35 DO 40 » IX.IXI1, [1ENTC, LRLK4
JEND * IX & LELK4 - 1
WRITF TAPE 4» (A(J), JalVv, JEND)
40 CONTI MUE
) PRINT 100
1UU FORMAT (6H CBTAI)
GO TO 5
END

-FORTRAN
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k.2 WAITSIG (BUFF, ITHRES, IFIAG)

The purpose of this subroutine is to read in data from the
A to D converter and to return to the calling sequence as soon as
it detects a point outside of a certain threshold region above or
below the "zero level”. The foremost aim of this subroutine is to
read all the data coming in from the converter for any sampling rate
equal to 20KC or less.

The range of values which are read in from the A to D con-
verter is 0 to 1023, i.e. 10 bits. The value 512 is supposed to
represent the zero level while the magnitude of the extremes (0 to 1023)
is determined by an external switch on the converter itself (1.5 v.,
3v.,6v.,or 12 v.). Unfortunately, as a practical matter, the
converter is usually miscalibrated to some other zero value (when
most of the data used in this study was recorded on digital tape the
average value was around b93)e This does not generally cause too
much trouble as long as the error is not too great. It may, however,
tend to make WAITSIG too conservative on small threshold values since
the actual zero level will get very close to one of the threshold regions
if it is too far from the assumed zero value of 512.

A solution to this problem could have been to calculate
the average value and to give this value to the subroutine which does
the actual threshold search, especially since the routine has the
ability to change its "zero level”. However, this would have taken
more time than was available if every sample is to be tested. It was
also unnecessary since the problem can be more easily solved by either
extending the value of ITHRES (in which case you effectively only test
the threshold in one direction, i.e. on the positive or the negative

side but not both) or recalibrating the converter.
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The WAITSIG subroutine uses the INTER and THRES entry points
in the THR subroutine to do the actual threshold detecting. INTHR is
called with the Q register containing the zero level, 512, and the A
register containing the magnitude of the threshold, i.e. ITHRS, in
order to get the threshold constants initialized. Then as each block
has been read into core, WAITSIG executes a loop to process each word
in the block using the THRES entry. Simultaneously WAITSIG loads up the
other block with the next batch of data from the converter. The Q
register is initially set to zero so that if THRES ever returns with a
non-zero value in Q, WAITSIG knows that at least one of the four samples
in the word being tested exceeded the threshold regions.

IT no sample exceeding the threshold is detected, WAITSIG
waits for the second block to be filled. Then it activates the converter
so that it will Fill the block which was just checked and while this is
being done, it checks the block which was just Filled.

Eventually THRES will return with the Q register not equal to
zero, iIndicating that a sample exceeding the threshold has been found.

In this case a transfer out of the checking loop for that particular
block will be made. The transfer is such that IFL (which was originally
set to zero) will be set to 1 if the sample detected occurred in the
first block and remain unchanged if it occurred in the second block.
Thus IFL will indicate the temporal order of the blocks (remembering
that while WAITSIG is checking one block, it is loading the other block

with data coming after it in time).
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SUBROUTINE KAITSIGCBIFF. ITHRES# IFLAG)

OO0000000O0IMO0000000000000

--ILLAR

THIS O9LEROLTIKE READS IN DATA FRCM THE A TO U GONVFeRTOH
AND STORES IT ALTERNATELY IN ONE CF TWO 250 WORD BLOCKS*
SIMULTANEOUSLY* it checks the data in thf inactive block to
SEE IF ANY CF ITS FCINTS ARE ABOVE OR BElI OW 512 BY THE AMOUNT
SPEC IFIEC BY ITHRE« . IF THIS OCCLRS THE SUBROUTINE RETURNS
WITH IFLAG SET TO INDICATE THE LAST 8UFFRR FILLED.

BUFF s BUFFER USED TC HOLD A TO D CCNVFRTOR DATA, IT IS
BROKEN UP INTO 2 BLOCKS, EACH 250 WCRDS LONG.

IFLAG * CUTFUT PARAMETER FLAG WHICH INDICATES IF THE 2 BUFFER
BLOCKS USFC IN BUFF ARE IN PROPER TEMPORAL ORDER
(IFLAG*!) CR REVERSE TEMPORAL ORDER(IFLAG«Q).

ithres « integer threshold, ranges from o tc 512 and rep-
resents The MAGNITUDE OF The THRESHOLD above and
belch the A TC D CONVERTCRS ZERO value of 512.

LASTI1# m CONTAINS THE LAST ADDRESS PLLS 1 OF THE FIWSI

LAST2 AND SECOND RLOCKS IN BUFF RESPECTIVELY.  THESE
NUHEERS MI ST BE LOADED INTO THE LOWER HALF OF IHE
CHANNEL CCNTRCL WORD FOR CHANNEI 5(AT LOCATION 5)
WHENEVER THE A TO D CONVERTOR 1Is ACTIVATED TO LOAD
THE CORRESPONDING BLOCK. THIS LETS THE CHANNEL
KNCW WHERE TO STOP.

dimension blFF((o00)
IFLAG * 0

EXT inthr.th RES
ADJUST  THRESHHCLD VALLE IN THRES SUBROUTINE.
LDQ *512
LDA ithres
SLJ 4 INTHHE

INITIALIZE C REGISTER AND INDEX REGISTERS 1, 2# AND 6 .

EM 1 OE

EN 1 2 (E

EN I 3 O

ENQ OE
calculate END OF BIFFER BLOCKS.

ena BL FF

ina 3720 ADD LENGTH OF ONE BICCK (250 DSC IHAL).
STA L*STi SAVE ADDRESS OF END CF FIRST BLOCK e 1 IN LAST1
SAL BGPBi LCAD STARTING ADDRESS OF 2ND BLOCK

SAU LCOP2 INTO EXF AND LCAD INSTRUCTIONS.

INA 3720 ADD LENGTH OF ONE BI.CCK (250 DSCIMAL),

STA L*ST2 SAVE ADDRESS OF END OF 2ND BLOCK + I IN LAST2.
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* WAIT FOR CHANNEL 5 INACTIVE, THIS INSTRUCTION WILL LOOH UNI XL
* CHANNEL 5» THE CHANNEL CONTAINING THE A TO C CONVERTOR* IS
* INACTIVE ANC READY TO ACCEPT A NEW COMMAND,

EXF 7 51B

SELECT CONVERTOR, THIS INSTRUCTION SELECTS THE A TO D
CONVERTOR FOR INPIT CHANNEL 5 AND ESTABI ISHES INITIAL
OPERATING CONDITIONS WITHIN THE CONVERTOR.;

EXF 500009

SENSE CONVERTOR READY.  THIS INSTRUCTION WILL LOOP UNTIL THE
CONVERTOR IS READY, I1E. NO ACTIVITY IS TAKING PLACI.

EXF 7 500008

- LOAD END ADCFESS of 1ST BUFFER INTO CONTROL LORD AN«
- ACTIVATE 1ST BLFFPR.

LDA LASTi

SAL OCDOSB - Cr e L.
EXF 5 BLFF

[

- WAIT FOR CHANNEL 5 INACTIVE, THIS INSTRUCTION WILL LUOtF UNHL
* CHANNEL 5, THE CHANNEL CONTAINING THE A TO C CONVERTOR* IS

: INACTIVE ANC READY TO ACCEPT A NEW COMMAND.

-HAITI exf 7 51B

LOAD END ADDRESS OF THE SECOND BLOCK INTO THE CONTROL WURD.

LEA LAST2
B} SAL 000050
. begn processing for THRESHOLD IN FIRST BICCK AND
* ACTIVATE SECOND BLOCK,
-BGPBI1 EXF 5 ADD. FIELD IS LOADED WITH BEGIN. AUDR. OF 2ND BLUCK
LOCPI LDA 3 BIFF
INI 3 16
m SLJ A THRES
+ 1SK 3 3718 IF LOOP IS FINISHED. SKIP NEXT INSTRUCT ION.
QwP 0 LCOPI IF QsO. THRES DIE NOT FIND A PRINT* -HUS CONTINUE.

IF CONTROL ARRIVES AT THIS POINT, THE LOOP IS EI THEM_ FINISHED,
OR A POINT ABOVE THRESHOLD HAS BEEN FOUND By THRES1 THEREFORE
CHECK THE C REGISTER AND IF IT IS NOT EQUAL TO ZERO, THEN GO
TO THE END AT 100. OTHERWISE GO TO WAIT2 AnD WAIT FOR THE
SECOND BLOCH TO BE FINISHED FILLING,

QoP 1 100
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*
* WAIT FOR CHANNEL 5 INACTIVE,

*

-WAIT2 EXF 7 516

* LOAD END ADDRESS OF FIRST BLOCK INTO CONTROL WORD.
LEA L*STI
SAL 0G005B
* BEGIN PROCESSING FCR THRESHOLD [IN SECOND BLOCK AND
* ACTIVATE FIRST BLOCK.
_BGPB2  EXF C BOFF
LOCP2 LDA 2 * ADD - FIELD IS LOADED with BEGIN. AUDR. OK 2ND BLt
INI 3 IE
- SLJ A TiHRES
. 1SK 3 37IB IF LOOP IS FINISHED. SKIP next instruction,
QvP 0 LCOP2 IF 0*0, thres did not FIND A P6INT- THUS CONI INUt
¢ IF CONTROL ARRIVES AT THIS POINT, THE LOOP IS EITHER H INI SHfD
* OR A POINT ABOVE THRESHOLD HAS BEEN FOUND BV THRfcSi  THEREFORE
*

CHECK THE C REGISTER AND IF IT IS NOT EQUAL TO ZERO, THEN GO
TC THE END AT 101. OTHERWISE GO TO HAITI AND WAIT FOR THE
FIRST BLOCK TO BE FINISHED FILLING.

* %

GJP 1 X>101
SLJ 0 HAITI

*

* DEFINEVARIAEIES
LASTI BSS 1
LAST2 BSS 1
--FORTRAN

00005 100 IFLAG =1
00006 101 RETURN
00007 END
-ILLAR
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k.3 THR

This is a threshold detecting program which was written
in ILLAR assembly language in order to make it as fast as possible.
When called, it checks the word in the A register, which contains four
10-bit samples, to see if any of them are outside the threshold
region. If so, it increments index register 2 by 1 for each such
sample and sets the Q register to 1. The THRES entry point uses
index register #1 to count the number of samples which have been
processed, and the calling sequence should be sure that it is
set to zero before THRES is entered. It is automatically reset
to zero before returning.
In order to set up the threshold limits it is necessary to
call INTHR with the average value of the data stored in the Q
register and the threshold magnitude stored in the A register. INTHR
will then calculate the threshold region as the average + the threshold.
The routine works by first seeing if the point is greater
or less than 512 (this is done by looking at the highest order bit).
Then it compares the number with either the upper or lower
threshold boundary depending on which side of 512 the number is on.
Note that this implies that for proper operation the upper and lower
boundaries should be on opposite sides of the 512 level boundary. If this is not
true, then any points between 512 and the nearest boundary will be con-

sidered within the threshold region and will be ignored (note Figure k.3.1).
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Figure U.3.1 Interaction between average and threshold values in
thr:
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IDENT THR
ENTRY
THE INITIALIZING P*RT dp TH
SUBROUTINE IS CAULE* WITH THE TH
FhOM o TO 512). LOADED "IN THE A
VALUE OF the data (VARYING FROM
O REGISTER =
IT should be nbted THAI FOR
at lon. the quanties 1AV * ITH AN
opposite SIDES OF THE VALUE 512.
then points BETWEEN 512 AND THE
WILL NOT BE CONSIDERED TO BE OVE
MOST CASES THIS WILL ONLY CAUSE
SINCE THE PERCENTAGE OF POINTS |1

small.

stq 1AV

STa ITH

ADO 1AV

ALS 46B

sta I THN ITHN = LOW
lda 1AV

SUB ITH

ALS 460

STA ITHP MHP » UPP
SLJ O INTHR

BSS 16

BSS IB

BSS IB

BSS IB

BNTRY

THIS PART OF THE THRESHOLD
examines EACH OF 4 SAMPLES CONTA
when THE SUBROUTINE IS called.
ABOVE THRESHOLD, THS SUBROUTINE
A 1 AND increments index REGISTE
OVER THE THRESHOLD. when THE SU
REGISTER WILL CONTAIN T*E OHIGIN
PLACES TO THE RIGHT, and INDEX R
NONE CF THE 4 samples is above t
WILL RETURN WITH THi Q REGISTER

IT SHOULD BE NOTED THAI NOR
REQUIRES THE CALLING ROUTINE TO
1 IS SET TO 7ERO BEROR6 THE FIRS

shift the a register LEFT 2
ORDER DATA BIT WILL BE IN THE SI

ALS 2B
AJR 3 NEG IL THE HIG
SuB ithp ELSE TEST
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IF the point is below the u

CONTINUE BY S$HIFTIN] LEIiT WK POS
REGISTER 1 TC SEE IE 4 SAMPLES H

AJP 3 SIcC
ALS 140
ISK 1 3B
SLJ o TEST
SLJ 0 thres
SUB ithn

AP . sICC

IF THE POINT IS ABOVE THE L

CONTINUE BY SHIFTING LEU 12 POS
REGISTER 1 TC SEE IF 4 SAMPLES H

ALS 140
15K 1 3B
SLJ 0 TEST
SLJ 0o TWRES

IF THE POINT EXCEEDS THE TH
Q REGISTER WITH 1 AND INCREMENT

ENQ IB
INI 2 e
ALS 140

SLJ 0 RETL
END
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k.h THRSPIC*(IIl, 12)

This subroutine will scan a packed data tape written in
blocked format from block 11 through block 12. During the scanning
process it counts the number of data points in each block which lie
outside the range of the average value + ITLIM and prints out the result
for each block. If the block is a header (indicated by an initial word
containing all 1%s) the subroutine prints out a header comment con-
taining the word represented by the data and the number of blocks used
to store the word.

IT the block is not a header, the THRSPIC subroutine unpacks
the packed data and calculates its average value which is then stored as
an integer in ISUM. Next, using this value and the threshold value ITLIM,
it calls the initializing entry point for the threshold detecting sub-
routine and sets up the necessary threshold parameters. Then it enters
the threshold calculating loop in which repeated calls are made to THRES.
Note that the operation of THRES is such that for each point above
threshold, index register 2 is incremented by 1 and furthermore, that in
CSL FORTRAN index register 2 is equivalent to the variable J. Thus when
the whole block has been searched the subroutine prints out the contents

of MIJM and repeats the loop.
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CSL FORTRAN OF SEPT 1*68, CATE 6/28/71

0000000000000 000000000000DOOOOOOO

10

SUBROUTINE THRSpIC(lj# 12)

THIS StEROLTINE SCANS A DATA TAPE WRITTEN IN PACKED
BLOCKS AND PPINTS CIT, FOR EACH BLOCK# THE BLOCK NUMBER
AND HOW MANY DATA PCINTS IN IT EXCEED A SPECIFIED TNRESH-
HOID. IF THE BLOCK IS A HEADER BLOCK# THE PROGRAM RRINIS
OUT THIS FACT AND ALSO THE WORD REPRESENTED AND THE NUMBER
OF DATA BLOCKS ISEC FOR THAT WORD,

THE ROUTINE BEGINS WITH BLOCK Ii ON THE DATA TAPE
ANC ENDS WITH BLOCK 12. FOR EACH BLOCK IT USES UNPACK TO
SEPARATE THE DATA POINTS AND THEN CALCULATES THE AVERAGE
VALUE FOP THE DATA. USING THIS AVERAGE VALUE AND THE
SUBROUTINE THRES# IT THEN CALCULATES THE NUMBER OF WOIMS
OUTSIDE THE FEGION b AVERAGE VALUE PLUS OR MINUS ITUIM.

11 a BLOCK NUMBER OF FIRST BLOCK TC BE SCANNED.
12 =BLOCK NUMBER OF LAST BLOCK TO BE SCANNED.
IBUF = TEMFCRARY FIFFER TO HOLD PACKED DATA.
ICBLK * BLOCK NUMBER OF CURRENT BLOCK WHTCH IS STORED IN THfc FIRST
BLOCK OF BIFF.
INTHR 3 INITIALIZING ENTRY POINT CF THRESHOLD SUBROUTINE.
ISAMP b CATA POINTER. POINTS TO BEGINNING OF NEXT BLOCK TO
BE SCANNED.
ITLIM THRESHOLD LIMIT TO CHECK FOR.
LBLK LENGTH CF A DATA BLOCK IN NUMBER CF SAMPLES*
LBLK4 *LBLKs4 a LENGTH OF A PACKED DATA BLOCK IN NUMBER OF WORDS.
MASK =CCDE [INDICATING THAT THE CURRENT BLOCK JUSTSCANNED IS
A HEADER BLCCK.
ouT b EE_I\{I_'IZCRARY BUFFER USED TO HOLD UNPACKED FLOATING POINT
»
SUM s SUMMATION CF THE VALUES OF THE SAMPLE POINTS IN THE
current block, used to calculate the average value,
thres S processing entry point of threshold subroutine.

n

title™*

DATA (MASK 3 7777777777777777B)

DIMENSION IBIF <250 ), OIT(i000)

EQUIVALENCE (IBIF<I>, A(3q02)>" (CUT(Q@)# A(4002))

CALL AD*US2 TC MOVE TAPE TO FIRST BJ_.CCK TO BE READ

ISAMP = 11*LELK

CALL ADJUS2(C#0

DO 200 » Kalj, I2

READ TAPE 4, (IEUF(L) L»l# LBLK4)
ISAMP = ISAMR ¢ LBLK

ICBLK s ICBLK & ~

if the first wcrd of the buffer indicates that THE
BLOCK IS A READER# FRINT OUT THE HEADER MESSAGE.

IF (IBUFG:) - MASK)  90# 50- 90
PRINT 60» K, IBIFG). IBUFQ)
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60 FORMAT (ISM FEACER BLOCKT4#6H FOR A6,3H. 110«
1 8H BLOCKS.)

c GO TO 200
C IF TME jELOCK IS NOT "A HEADER BLOCK, CALCULATE IHE
8 AVERAGE VALLE OF THE DATA IN THE ELOCK.
X L -
20 CALL UNPACK <IBUF, CUT, 1, LBLK4)
SUM * 0.0

DO 95# L81# LBLK
9%5 SUM « SUM e *CUT(L)

Isum 8 sum

ISUM 8 I1SUM/LBLK

C
C NEXT CALCULATE THE NUMBER OF POINTS ABOVE THRESHOLD

C USING THE PREVICUSI V CALCULATED AVERAGE VALUE AND ITLIM AS
g THE THRESHOLD VALUE.

--ILLAR

EXT unthr .thres

LEO i-SMr

LDA ttlim

SLJ 4  1INTHR

EN I 1 OE
--FORTRAN $ t

J « 0

DO 100, L*1, LBLK4

--1LLAR
LDA 4 TEUF

- SLJ 4 teres
*»-FORTRAN

100 CONTINUE

PRINT OUT THE BLOCK NUMBER AND NUMBER OF POINTS ABUVE
THRESHOLD,

O0O0O0

PRINT 150, K# J, ISUM
150 FORMAT (6X,JEBLOCK 14,5H HAS 14,8H PO INTS.70X, 14)
200 CONTINUE
END

-—-fortran
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U.5 " COPYT (IFBLK, ILBLK, SYMBL)

This subroutine is used to edit the data on one tape by
extracting only the useful information on it and copying this information
on to a second tape. The subroutine reads data from tape unit b and
writes on to tape unit 3.

In operation, the subroutine begins copying with block number
IFBLK. However, before doing this it generates a header block containing
a header code (a word containing all 1°s), the 6 character name, SYMBL,
and the number of blocks which will be copied. These items occupy words
1, 2, and 3 of the header while the rest of it contains garbage.

Once the header block has been written out, COPYT copies the
designated blocks out one at a time on to unit 3. During this process
ISAMP and LOCOP are continually updated, the latter quantity being a
system variable which indicates the total number of samples written
on to unit 3 so far. After the copying is complete, LOCOP is printed
on the printer, ICBLK is updated as if the program had been reading

data into the data buffer, and the subroutine returns.
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OO0

OO0
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SUBROUTINE COFYTdFBIK. IL8LK, SYMBL)

THIS SITfcROITINE IS USED TO COPY DATA PRC* THE DATA
TAFF ON LMT 4 TO A MEw DATA TAPE ON UNIT 3. THIS ALLCWS
THE OPERATOR TC EXTRACT FROM A TAPE ONLY THOSE PORTIONS
WHICH ARt ACTLALLY iSEFIJL.

THE SUERCUTINF FIRST PRODUCES A HEADER FLOCK FOR THE
GIVFEN BATCH CF DATA. THEN IT COPIES DATA BEGINNING WITH THE
HLGCK NUHEER SPECIFIFD BY IFBLK AND CONTINUING TO THE BLOCK
NUMBER SPECIF IEC By T nLK THE VARIABLE ICCQF IS INCREASED
PY THE NUMBER OF BICCKS WRITTEN ON TO TAPE UNIT 3* AFTER
PRINTING CUT THE FINAL value OF LOCO?, The SIBROUIINE returns.

IT Is IFpGRTANT TC NOTE THAT THE DATA UN BOTH TAPES IS
written in the facked format, 4 samples per word and that tht
VALUES UT LCCCP ANT ISAMP REFER TC THfc NijKbER Ct bAMPLES, NUm
THE NUMBER CF WCRDS.

IHIF = 1EMFCRARV STORAGE BUFFER LbED DURING COPYING.
IFFL* = HIRST BLOCK WHICH IS TO RE COFIENn.
ILRL = 1AST BLOCK WHICH IS TO BE COPIED.
1LCC = t-CSIMON OF FIRST SAMPLE TO Bfc COPIED.
LBLK =LENGTH CF A DATA BLOCK.
LBLK4 =LENGTH CFA DATA BLOCK OF PACKED DATA.
= 1ELK /4 .
LGNBF = TCTAL LENGTH OF SAMPLE BUFFER, BijFF,
= I"'BK * LBLK.
LOCOP = THE TCTAL NUMBER OF SAMPLES WHICH HAVE BEEN WKIT1EN UN
1APE UNIT ?.

NUHR =NLMtER CF TATA BLOCKS WHICH WILL BE cCPjEb.
SYHBL =CHARACTER FEPRpSFNTAT ION (A6) OF THE SPEECH WORD
BEING CCPIFD.

TITLh™

DI HENS ION IELF (250)
EQUIVALENCE (IBIF(j), A(3002))»<SYM, A(3noa))
DATA (naSk=7/77777777777777B)

ISAMP = ifbl«*Iblk
CALL ADJIS2(C#0)

SET LP AND WRITE OUT THE HEADER BLOCK CONTAINING THE
HEAPPR BLCCk INDICATOR,IBUF(1>* THE NUMBER OF BLOCKS OF DATA,
18LF~2), AND THE WORD REPRESENTED By THE DATA# SYMB.

IBIF(1) = MASK
IBUF() = ILELK - IFRLK + I
SYM = SYN6L

WRITE TAPE 3» (IBUF(J)# Jsl, LBLK4)
LOCOP = LCCCF & LBIK

NEXT CCFV CUT THE REQUIRED NUMBER OF DATA BLOCKS#
UPDATING ISANF AND LOCOP AS YOU GC.
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100

19V

200

25U
251

261
261

3uJ

DO 199, I*IFELK, Il BLK

READ TAPE 4, (IBUF(J), J*I, LBLK43
WRITE TAPE 3, (IBUF(J), Jal, LBLK4
ISAMP = ISAVP # LBI K

LOCOP = LCCCF ¢ Iblk

CONTI NUE

finally, PRINT OUT THE RESULTING NEw VALUE OF
LOCOP .

PRINT 200, LCCOP
FORMAT (ip LCCOP m 10)

AT THE &ND OF A COPY, RESET ICBLK T A POSITION NOLK BLUCKS
IN FRONT CF TME CUPRENT POSITION CF THE TAPE UNITS READ HEAD.
THIS KEEPS ACJUS2 FROM GETTING CONFuSED ABOUT THE STATUS OF -HE
TAPE UNIT.

ICEL« = ISAMP/LBLK - NBLK

IF 1HE PAPER TAPE READER IS EEING USED AS THE INPUT
DEVICE, CONTINUE TC READ COMMANDS IN THE FORM OIVfcN IN FORMA &
STATEMENT 251 UNTIL A NEGATIVE VALUE CF IFBLK IS FOUND.

IF (IMIT - 54)  300* 250# 300

READ INRCT TAPE 54. 251, IFBLK, ILBLK, FnAME
FORMAT <13"1*#13»1*»A6>

IF (IFBLK) 300, 260, 300

PRINT 261, IFBLK, ILBLK, FNAME

FORMAT (EH COPY = T3,IH,13,1H,A6)

G0 Tu 10

RETURN

END



73

Section 5 e
DATA MANIPULATION ROUTINES

This set of subroutines is used to perform the operations
necessary to keep the data buffer, BUFF, full and ISAMPB adjusted properly.
ADJUS2 checks to see if there are IWIDE samples in the buffer beyond
the current 1SAMPB position. IT not, it reads along the data tape Until
it can load the proper data into BUFF. Then it recalculates the value
of ISAMPB and returns.

BLOCKED 1is used by ADJUS2 to read the data tape from tape unit
H. 1t was written so that all of the tape manipulations used in ADJUS2
would be centered in one module.

UNPACK is the subroutine used by BLOCKRD to unpack the packed
data after it is read in from the tape and to convert the samples from
integer to floating point.

The data tape itself is made up of a sequence of data blocks
which are stored in a packed format. This essentially means that the
data is stored as CDC 1604, U8-bit integer numbers where each number is
made up of k9 12-bit integer samples. Each block contains a total of
LBLK packed data samples or LBLK/U words. LBLK is a system constant
which has always been 1000. However, the data manipulation programs
have been written such that this number can be varied without reprogramming.
A typical full length data tape can contain around 900 data blocks or
about 900,000 data samples.

The data tapes used to produce the final speech displays have
been divided up by previous editing into individual speech words, each
beginning with a special header block. The first word of the header block
contains all 1"s as an identification. The second word contains the

number of blocks in the speech word and the third word contains the



symbolic representation of the recorded word. The header blocks are
used for several purposes: to identify the speech words when the
contents of the data tape are being printed out by THRSPIC, to indicate
the length of the data so that ITIME can be calculated before the speech

data is processed and to search the tape for particular speech words

instead of an address
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5.1 ADJUS2 (IWIDE, NFLAG)

The purpose of this subroutine is to ensure that the data
buffer, BUFF, contains the data which will be needed by the processing
routines. It can also be used to position the data tape iIn preparation
for some type of direct processing on it. IWIDE is used to indicate to
the subroutine how many samples beyond the current position of ISAMP will
be needed. NFLAG designates the type of processing option to be used
by ADJUS2.

ADJUS2 Tfirst calculates new values for ISAMPB, the data pointer
location within the data buffer; ITBLK, the block number of the next block
to be read from the data tape; and ISBLK, the block number of the data
block currently containing ISAMP, on the basis of the latest values of the
data pointer, ISAMP; the block number of the initial block appearing in
BUFF, and the various buffer constants pertaining to length, block size,
etc.

IT NFLAG =0, ADJUS2 then simply moves the tape so that the next
block which is read after the move will contain ISAMP. This option is
especially useful during data tape editing. To accomplish this, the block
number of the block containing ISAMP is checked for 0, since in this case
a simple rewind can be performed. IT it is not zero, the subroutine calculates
the number of backspaces necessary to position the tape and then performs
theml. |If this number is negative, the subroutine skips forward. In
either case, after the tape has been removed, new values for ICBLK and
ISAMP are calculated before returning. IT the number of spaces is zero, no

action is performed and ADJUS2 returns immediately.

1 The use of backspaces instead of forward spaces came about from the
fact that the backspacing subroutine existed before the forward spacing
routine, i.e. BLOCKED.



IT NFLAG does not equal zero, the subroutine must check the
buffer to see if the desired data is -within it and if not, the buffer will be
reloaded. IT the buffer must be reloaded (due to either overflow or under-
flow) and NFLAG = +1, the buffer will have to be reloaded in such a way
as to cause ISAMPB to be in the middle of the buffer. This option is useful
in those cases where forward and backward movements along the data are
equally likely. IT NFLAG = -1, the buffer will be reloaded so that ISAMPB
will be in the Ffirst block of the buffer. This is most useful in those
cases where only forward motion along the data tape is contemplated. The
only difference between the two as far as operations are concerned is the
value assigned to NCBLK, the new initial block number which will replace
the current value of ICBLK if the tape must be moved.

Once the value of NCBLK has been calculated, the subroutine,
using the values of ISAMPB and IWIDE, checks to see if all of the data is
within the length of BUFF. |If there is an overflow or underflow, the
tape will be spaced to a position where it can begin to read the proper
data.

At this point, there is a slight non-uniformity in the handling of
overflow and underflow. In an overflow condition, ADJUS2 will check to
see if any of the data in the buffer is useful and if so, will shift it to
the front of the buffer before reading in new data to fill up the end of
the buffer. In an underflow condition, the tape is simply backed up to a
position from which it can completely read in the whole buffer. This
non-uniformity is due, in part at least, to the fact that our records

cannot be read backwards by the tape units.
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Once the tape unit has been properly positioned, the correct
number of blocks are read from the tape and loaded into their proper
positions in BUFF after having been unpacked and converted to floating
point. Then the updated values of ICBLK, and ISAMP are calculated and

the subroutine returns.
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SUBROUTINE ADJLS2(TWICE# NFLAG)

this subroutine checks the position of isahp tb seb if the
data to be UTILIZEC is still completely within the sample buffer, if
AN OVERFLOW *CR UNDERFLOW OCCURS, THE TAPE IS REPOSITIONED AND THEN IF
NFLAG IS NON-ZERO# THE SAMPLE BUFFER IS RELOADED, WHEN NFLAG * !,
BUFF WILL BE REPOSITIONED SO THAT ISAMP IS IN THB MIDDLE# AND WHEN
NFLAG « *1# IT WILL BE REPOSITIONED SO THAT ISAMP IS IN THE LEFTMOST
BLOCK. IF NFLAG « q, ADJUS2 POSITIONS THE TaPE 30 THAT ISAMP IS IN
THE NEXT BLOCK TO BE READ FROM THE TAPE REGARDLESS fiIF WHETHER OR NCT
THERE 1S AN "OVERFLOW OR UNDERFLOW CONDITION.

BUFF « THE ¢SAMPLE BUFFER. THIS jCONSISTS OF SEVERAL EQUAL-LENGTH
blocks.

ISAMP « POSITION OF THE SAMPLE POINTER WITH REFERENCE TO DATA TAPE,

I1SAMPB» POSITION OF THE SAMPLE POINTER WITH REFERENCE TO BUFF.

ISBLK » BLOCK NLMBBR OF BLOCK CURRENTLY CONTAINING T"ISAnR.

ITBLK * ELOCK NUMBER OF BLOCK WHICH IS CURRENTLY TH] NEXT TU
6E READ FROM TAPE.

IWIDE « WIDTH OF THE WINDOW TO BE DISPLAYED.

ICBLK m BLOCK NUMBER OF THE CURRENT BLOCK WHICH IS STORED IN THE
FIRST BLOCK OF BUFF,

NBLK « THE NUMBER CF BLOCKS IN BUFF
Iblk a the length cf each block in buff
LGNBF a TCTAL LENGTH OF THE SAMPLE BUFFER, BUFF.
® NBLK * LBLK,
NFLAG * O POSITION TAPE SO READ jHEAD WILL READ BLOCK CONTAINING
ISAMP NEXT.
* -1 IF OVERFLOW OR UNDERFLOW, POSITION ISAMP IN LEFTMOST BLOCK.
[ IF OVERFLOW OR UNDERFLOW, POSITION ISAVMP IN MIDDLE BLOCK.
titl

e*
ISAMPB a ISAHP = ICILK*LBLK
ITBLK a ICBLK & NBLK
ISBLK « ISAHP/LBLK

CHECK NFLAG FCR ADJUS2 OPTION TO BE USED,
IF (NFLAG) 95, 20# *0

IF NFLAG a Q, rqvE THE TAPE SO THAT ISAMP APPEARS ‘N THB FIRST
BLOCK ON TAPE AFTER READ HEAD AND ADJUST ICBLK AND tSApPB
ACCORDINGLY, NOTE THAT IF NCBLK IS NEGATIVE, THB TAPB «ILL
UNLOAD.

ICBLK a ISBLK - NBLK
ISAMPB m ISAHP- ISILK*LBLK * LGNBF

CHECK 1ISBLK FCR ZERO.
IF (ISBLK) 25, 21, 25
IF ISBLK = O# REWIND TAPE INSTEAD OF BACKSPACING.
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C
00024 21 REWIND 4

00026 GO TO 150
IF ISBLM IS NCT ZERO, CALCULATE THE NUMBER OF BACKSPACES
needed .
00027 NBKSP * ITBLK - ISBLK
00030 IF (NBKSP) 40, 150» 30
00033 30 CALL BKSPFILE(4, NPKSP)
00035 GO TO 150
00036 40 CALL BLOCKRCCI, *NPKSPi 0)
00044 c GO TO 150
C IF NFLAG * *1» CALCULATE THE NEW VA] IE cF NCBLK TO BE
C used if the "Data tape must be repositioned, in this case
g ISAMP SHCLLC APPEAR IN THE MIDDLE OF THE BUFFER.
00045 0 NCBLK « ISBLM - (NPLK/2)
00051 c GO TO 100
C IF NFLAG « »1, CALCULATE THE NEW VAI UE CF NCBLK TO BE
C used if the "Data tape must be repcsitionfc. in this case
g ISAMP WILL APPEAR IN THE INITIAL BLOCK OF THE BUFFEW.
00052 c 95 NCBLK * 1SBLM
C CHECK FOP OVERFLOW AND UNDERFLOW CF SAMPLE BUFFER.
C
00053 100 IF <ISAVPB+ IHDE-LGNBF) 101» 101, 126
00056 C101 IF (1SAMPB) 110, 150, 150
Cc ON UNDERFLOW, BACKSPACE TAPE UNTIL THE READ HEAD PASSES
Cc THE FIRST BLOCK WHICH IS TO BE IN THE ADJUSTED BUFFSR* THEN
Cc TRANSFER TO THE LOOP WHICH LOADS UP BUFF FROM THE TAPE UNIT.
C
00060 110 IF (NCBLK) H5, H5, n8
00062 115 NCBLK m O
00063 REWIND 4
00065 GO TO 145
00066 118 NBKSP » ITBLK - NCELK
00067 CALL BKSPF!LE(4, NPKSP)
00072 GO TO 145
ON OVERFLOW, CHECK THE DISTANCE BETWEEN THE PRSSEM TAPE
HEAD POSITION AND THE NEW FIRST BLOCK TO BE READ INTO BUFF .
00073 126 IF (NCBLK - ITBLK) 125, 145, 140

IF THE "DISTANCE IS NEGATIVE, SOME OF THE DATA JN BUFF IS
STILL USEFUL. RELCAD ALL OF THE96 BLOCKS INTO THE FROM PAN!
OF BUFF, THIS LOADING WILL BEGIN WITH THE DATA BLOCK WHICH IS
TO BP THE NEW FIRST BLOCK OF BUFF AND WIIL END WITH THE FINAL

OO0 O000O0
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C
C
00076
00101
00102
00107
00113
C
C
C
C
C
C
00114
00115
C
Cc
Cc
C
C
00117
00125
C
C
C
C
00126
00127
]
C
00134
00135
00140
00141

-"FORTRAN

125

130

140
1*5

146

149
150

DATA WORE IN THE OLDSAMPLE BUFFER«

IBEQ * (NCBLK - ICBLK)*LBLK
IEND * IGNBF - i

DO 130» I»IBEG# IENC
BUFF(I - IBEG) m BUFF <I)
CONTINUE

NEXT LOAD TME REMAINING BLOCKS IN THE NEW BUFFER FROM TAPE.

THE TAPE LOADING WILL START WITH THF FIRST BLOCK NUT LOADED
BY THE MEpOR>TRANSFER, AND WILL END WITH THE FINAL BLOCK IN THE
SAMPLE BUFFER ,
IBEG = IT6LK - NCBLK
GO TO 146

IF THE »DISTANCE BETWEEN THE PRESENT TAPE HEAD POSITION AND
THE NEW FIRST Block TO BE READ INTO BUFF IS GREATER THAN ZERO,
FIRST POSITION THE TAPE UNIT TO TPE CORRECT fOINT.

CALL BLOCKRCC IT6LK, (NCBLK-1), 0)
IBEG = 0

FINALLY, LCAD BUFF WITH THE REQUIRED NUMBER OF BLOCKS FROM
TAPE.

IEND = NELK - 1
CALL BLOCKRC(IBEG, IENC, I>

change 1icblk to reflect new state of buffer.
ICBLK a NCBLK
ISAMPB » I1SANP - [1CBLK*LBLK
RETURN
END
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5.2 BLOCKED (IBEG. I1END. MODE)

This subroutine is the tape reading module for ADJUS2. It
reads blocks of data in packed format from tape unit Kk and loads them
into a temporary buffer, IBUF. |If the MODE variable equals zero, the
data is not used and the subroutine simply reads the number of blocks
which would be between 1BEG and IEND, inclusive. IT the MODE variable
is non-zero, BLOCKED unpacks each block after it has been read into IBUF
and loads the resulting floating point data into BUFF starting with the
block specified by IBEG and continuing until the block specified IEND
has been filled.

It should be noted that IBEG and 1END refer to block numbers
within BUFF, not as they occur on the data tape. The tape is read
beginning with wherever it is positioned on the tape unit. Thus in order
to avoid overwriting other data, IBEG and IEND should both be less than
the number of blocks allocated to BUFF (unless of course MODE equals 0).

The main reason for writing this operation as a subroutine
(other than the fact that it took less core space as a subroutine than
if the code had had to be written several times inline) was to isolate
all of the tape reading operations into one program so that it would be

easier to modify if that ever became necessary.
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SUBROUTINE BLCCKRD(IEFG, IBND, NODE)

THIS SUBROUTINE IS USED TO READ BLOCKS OF DATA FOfl THE
DATA TARE, IF ROD* IS NON-ZERO, THE BLOCKS ARE UNPACKED AND
LOADED INTO BUFF. IF MODE IS ZERC* THE BLOCKS ARE BISCAROED
AS THEY ARE READ, IBEG IS THE STARTING BLOCK AS REFERENCED
IN BUFF AND IENC IS THE ENDING BLOCK. READING BEGINS FROM
WHEREVER THE TARE HAPPENS TO BE POSITIONED.

TITLE*
DIMENSION LBUF(290)
EQUIVALENCE (IBLF(x), Aczo02))

CALL STCPSCOP IN ORDER TO BE ABLE To USE IBUF, WHICH IS
LOCATED IN TIME SAME AREA AS THE DISPLAY BUFFER* JSCsP:1 .

CALL STOPSCCP
DO 100* UIEEG* IEKC

JSTRT m 1*LELK

READ TAPE 4, (IBUF(J), J«i, LBLK4)

IF (MODE) 50* 100* 5o

CALL UNPACMIBUF, BLFF, 1, JSTRT, LBLM)
CONTINUE

RETURN

END
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5.3 UNPACK (BI, B2, II, 12, N)

The UNPACK subroutine is used to convert data from the format
used by the A to D converter and the data tapes to the floating point
format used by the processing routines. It takes N successive packed
format words from Buffer Bl starting at position Il and converts each
of them to U floating point numbers which are then stored consecutively
in buffer B2 starting at 12. The packed samples are stored right to
left in each word in Bl.

The subroutine works on each Bl word by shifting one sample
at a time from the A register to the Q register and then converting

the sample to floating point. Note that the contents of Bl remain

unchanged.



JSL FORTRAN OF SEPT 1« CATE 6/28/71
c SUBRCUTI NE INFAi
C THI S SUE mINE TAKES N 4-SANPLE WORDS from Bl STARTING
C AT H, AND OC IT5 EACH OF THEM TO 4 FLT. PT. WORDS STWRED
C consecutively IN Bg, STARTING AT 12, THE SAMPLES ARE STORED
C RIGHT TO left IN each Bi word.
C
C S ® INPLT buffer containing FOUR PACKED INTEGER SAMPLES
C IN EACH ENTRY.
C B2 * cltfl T buffer containing FLOATING POINT ENTRIES.
C 1] a start ING POINT IN Bi,
C 12 * START ING POINT IN B2.
C ITEM2 = USED TO SAVE UNPACKED INTEGERS.
Cc L a INDEX REGISTER 4. USED TC KEEP TRACK OF position
Cc IN 62
Cc TEM a TEMPC " STORAGE USED TO HOLD packed data while it
C IS BE PROCESSED.
C
DIMENSION Bi< 10). B2 (10000)
L » 12
00003 NU« 11 = N -
00006 DO 5» I*II. N
00012 TEM = Bl(l)
f-m ILLAR
EM 2 &k SET INDEX REG. 2 To ZERO.
LOCP LDA TE LOAD REMAINING PACKED SAMPLES* RT* JuST
LRS 1< SHIFT ONE 12 BIT SAMPLE INTO G REG.
QRS 44 RT JUST. SAMPLE IN G REGISTER
STO IT
*
* RESTCRE THE REST OF THE WORD (CONTAINING UNPROCESSED
# SAMPLES) BACK INTO TEM, SINCE THE CONTENTS OF THE A REGISTER
; WILL BE CESTFCYED FIRING THE FLOATING POINT CONVERSION.
STA TE
mmFORTRAN
C
C CONVERT UNPACKED INTEGER SAMPLE TO FLOATING POINT
C WHILE LOADING IT INTO 2ND. BUFFER,
00015 Bo<L) * ITEM2
—— ILLAR
INI IE INCREMENT INDEX REG. 4 BY 1.
ISK 3E IF IR2«3. WCRD IS FINISHED. SKIP TO STATEMENT
SLJ L"QCP OTHERWISE [INCREMFNT JR2 AND JUMP TO LOOP.
--FORTRAN
00021 5 CONTINUE
00022 RETURN
END

00023
--FORTRAN
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Section 6
SPEECH DISPLAY ROUTINES
The Speech Display routines consist of those programs which
are actually used to generate display data for the display routine.
They make use of the various types of speech processing programs to

obtain the necessary display.
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6.1 SPECTO

This routine is the display routine for generating spectro-
grams. It obtains data from the COMMON data buffer, BUFF, using the ADJUS2
subroutine to read data in from the data tape and update the buffer as
necessary. It uses the fast Fourier transform subroutine, FFTB, to analyze
the input data and takes the resultant complex coefficients (stored in the
X and Y arrays) and converts them to frequency component magnitudes which
are loaded into the appropriate time slice in FINT.

The Characteristics of the spectrographic intensities loaded
into FINT depend on the various COMMON area system variables and con-
stants. ISAMPB points to the beginning of the data to be processed in
BUFFe It is continually updated as data is processed and whenever the
buffer is refilled by ADJUS2.

NSAMT indicates the number of data samples to be processed per
time slice, i.e. the time slice"s width, while IDELT specifies the number
of data samples between successive time slices. Normally these two quantities
are equal, but it is possible for them to have different values, in which
case there will be either a spacing or an overlap between successive time
slices.

IFREQ and ITIME specify the maximum number of frequency and time
slice entries, respectively, which are loaded into FINT by the SPECTO
subroutine. Note that the standard system practice of accessing FINT as a
one-dimensional array is used. The two-dimensional subscripts are calculated
explicitly using the IFMAX system variable. This allows both an increase in
speed and the ability to change the relative size of the two dimensions in
FINT without recompiling.

Figure 6.1.1 shows several examples of spectrographic displays

calculated by SPECTO and produced using the system CRT display routines.



Speaker a

"'shod"

Speaker b

"said”

Speaker b
"ted"

Figure 6.1.1 Examples

Speaker a

"Vi Ien

Speaker c

"said"

Speaker d

"dame"

of Displays Produced Using SPECTO
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The commands needed to actually produce the display after having moved
the data tape pointer to the position of the header block for the
particular speech word are as follows:
HEADT Calculates ITIME based on time slice size
and the length of data word.
FINIS Prints out the variable values and turns

off the display.

SPECTO

NORMFE Normalizes the output of SPECTO.
HIEMP Adds high frequency emphasis.

SPDISP Produces the picture of the display.

These displays all involve the standard variable values specified in
INITI. Figure 6.1.2 shows the effect of varying the size of the time
slice. The other system variables have been adjusted to give the
resulting displays an equivalent position size and parameter range.

There have also been minor deviations from the standard display parameters
so as to allow smooth transitions by factors of 2 in all of the relevent
parameters (i.e. IDELX and IDELY were changed from their "standard"

values in the displays in figure 6.1.1).
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nsamt = 128

nsamt = 512 nsamt = 1021+

Figure 6.1.2 Effect of Variations iIn Time Slice Size on the
word "shod"
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SUBROUTINE SPEC TO

THIS subroutine generates a spectrogram from data given in buff
STARTING AT ISAMP. THE AMPLITUDES OF THF OUTPUT FREQUENCIES AS A
function cf time ari loaded into the floating point array#

FINTiFRECIEN"CY# TIMI).

BUFF m BUFFER CONTAINING TIME SAMPLES TO BE ANALYZED.

IDELT « SPACING (IN NO. OF TIME SAMPLESvVBETwEEN ANALYSES OF DATA.

IFREQ = NO. OF FRPCUENCY POSITIONS IN DISPLAY.

IFMAX  » COMMON VARIABLE - MAXIMUM NUMBER OF ENTRIES ALONG
FRECUENCY DIMENSION OF FINT. USED TO CALCULATE
DOUBLY SUBSCRIPTED ADDRESSES IN FINT.

FINT « OUTPUT INTENSITY ARRAY. DIMENSION MUST BE SET TO
FINTIIFREC, ITI ME) BEFORE COMPILING.

ISAMPB m POSITION CF SAMPLE POINTER WITH RESPECT TO BUFE. THIS
IS the first sample in buff to re processed when fftb
is called.

ISAMP = POSITION CF THE SAMPLE POINTER WITH RESPECT TO
the complfte data tape.

ITIHE = NUMBER OF TIME SLICES.

L m INDEX REGISTER 4

LGNSM = LOG TO BASE 2 OF NSMT2

M m INDEX REGISTER 5

NSAMT = NO. OF TIME SAMPLES TO BE ANALY7ED pfR TIMI SLICE.

NSMT2 » NUMBER OF OUTPUT FREQUENCIES IN X.

* NSAMT/2.
X m COMMON VARIABLE - REAL COMPONENT OUTPUT SURFER FOR

FFTB SUBROUTINE.
Y »COMMON VARIABLE - IMAGINARY COMPONENT OUTPUT BUFFER
FOR FFTB SUBROUTINE.

e*

1
600 # I»l# ITIME

BEGIN UCOP TO PROCESS TIME SAMPLES. START BY CHECKING
THI BUFFER TC MAKE SURE IT CONTAINS THE COMPLETE TIME SLICE.

tit

CALL ADJUS2 OMSAMT# *1>
CALL FFTBINSAMT, NSMT2* LGNSM# BUFF<ISAMpB>, 0O>

LOAD OUTPUT OF FFT INTO FINT, NOTE THAT ONLY 1 SINGLE
SUBSCRIPT IS USED IN ACCESSING FINT EVEN THOUGH JI JS A DOUBLY
SUBSCRIPTED ARRAY, THIS GREATLY INCREASES THE SPEED OF THE
CALCULATION IN CSL FORTRAN AND ALSO ALLOWS THE RELATIVE SIZES
OF THE FINT jDIMENSIONS TO BE CHANGED WITHOUT RECOMPILING.

L « <I-1>*IFIMAX * j

DO 5004 M«2# (IFREO&i)

EINT(LL)* h ICPTFCX (M)*X (M) & Y<M)*Y<M>>
|

CONTINUE

UPDATE ISAMP TO POINT TO THE NEXT TIME SLICE*
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C

00045 ISANP a ISAKF o IDELT
00046 600 CONTINUE
00050 END

--FORTRAN
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6.2 .ZEROC

This routine produces data for a zero-crossing display in
which the frequency of the zero crossing rates is plotted as a function
of time. It utilizes four digital filters to separate the speech input
into four different frequency regions. Then it calculates the zero-
crossing rate for each of these regions and makes entries in the FINT
array at the frequencies corresponding to these rates. The magnitude
of these entries is proportional to the average magnitude of the data
within the respective filter region.

The program begins by initializing the digital filters and
setting up various arrays and constants. It should be noted that the
parameters which are to be used in the calculations of each particular
filter are calculated by INILER and then stored in the arrays which have
been named as parameters. In order to cut down on the size of the
programs, the processing of the frequency bands is performed by means of
a DO loop. Thus in order to avoid complications, the four filters
utilize the same arrays to hold their 'characterizing parameters'™ and simply
use different regions of the array. The format is shown schematically in
figure 6.2.1. The arrays can be thought of as doubly subscripted arrays
in which the subscripts are being calculated explicitly "by hand".

The limits of the four frequency bands are contained in two
constant arrays, IF1 and IF2, which are given as parameters to INILER.
As can be seen in the program printout, the first filter has a negative
lower edge value. This turns out empirically to give the flatest low
frequency response. The reason for this can be seen intuitively from
the fact that we are using a bandpass filter in an application where

we would really prefer a lowpass TfTilter.



filter variables

11(0)
YI(D)
YI1(2)
YI(3)
YI(It)
YI1(5)
Y1(6)
YI(7)
YI(8)
Y1(9)
Y1(10)
YI(ID)
Y1(12)
)
YI(IU)
Y1(15)

Y2(0)
Y2(1)
Y2(2)
Y2(3)
X2{b)
Y2(5)
Y2(6)
Y2(T)
Y2( 8)
Y2(9)
Y2(10)
Y2(1)
Y2(12)
Y2(13)
Y2(lk)

Y2(15)

filter

CONST(0)
CONST(D)
CONST(®
CONST(3)
CONST()
CONST()
const(6)
CONST(T)
const(8)
CONST(9)
CONST (10)
CONST(11)
CONST(12)
CONST(13)
CONST(11+)
CONST(15)

Figure 6.2.1 Schematic Showing Use
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€Constants delayed input
EAT(O) XIN(CO)
filter
1
EATQ) XINCD)
filter
< 2
EAT(® XIN(2)
filter
3
EAT®R) XINQ)
filter
k

of Filter Variables and Constants in ZEROC
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Once ZEROC has calculated the constants for the four TfTilters
by iteratively calling INILER, it begins the processing loop by zeroing
that portion of the FINT array which corresponds to the current time
slice. Note that as is the standard system practice, FINT is accessed
as a single subscripted array even though it is conceptually doubly
subscripted. IFQPS 1is used to keep track of the initial frequency
entry (i.e. the lowest frequency) for the present time slice.

In the processing loop, the input data is divided into time
slices each containing NSAMI samples. These samples are then processed
four times, once for each frequency region, by entering the filter
iteration loop. The iteration loop itself begins by digitally filtering
the data, the output of the digital filter being loaded into the temporary
array, BUF. (it should be noted that although this output is '"discarded”
at the end of each iteration, the filter does not get lost since it retains
the necessary end state condition information in its filter variable arrays.)
Once the data has been filtered, ZEROC calculates 1its average value. This
is necessary since each filter passes a different amount of the data“"s DC
component. Then the zero-crossing rate is calculated using the average value
as the zero level.

Finally the average magnitude of the output of the filter is
loaded into the appropriate entry of FINT based on the frequency of the
zero-crossing rate. Note that an empirically determined fudge factor
from the FMG array is multiplied times the average value before it is loaded
into FINT. This is necessary because the four versions of the digital
filter have varying magnitude factors. The filter program could have been
written to correct for this, but it was more efficient to make one fudge on
the average value rather than one fudge on each data point as it went

through the filter.
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At the end of each of the four™ iterations the corresponding
entry of the REM array is loaded with the contents of PERIOD, the amount
of time since the last zero-crossing in the current time slice. Note that
this value will be restored at the appropriate iteration on the next time
slice before calling ZECPIC to calculate a new zero-crossing rate. Thus
no information is lost between successive zero-crossing calculations.

At the end of the iteration, note” that if sense switch 2 is
on, a line of data will be printed out for debugging purposes. After
four loop iterations, ZEROC goes on to the next time slice and when ITIME
time slices have been processed, the subroutine returns.

Figure 6.2.2 gives several examples of displays calculated by
ZEROC and produced by the system CRT display routines. The commands
needed to actually produce the display after having moved the data tape
pointer to the position of the header block for a particular speech word are
as follows:

HEADT Calculates ITIME based on the time slice

size and the length of the data word.

FINIS Prints out variable values and turns off display.
ZEROC

NORMF Normalizes the output of ZEROC

HIEMP Adds high frequency emphasis

SPDISP Produces the picture of the display

These displays all use the standard values specified in INITI.



Speaker a Speaker a

"shod” “vile"
m_, L
KK«
V *
Speaker b Speaker c
"said” "said"”
Speaker b Speaker d
"ted" ""dame"

Figure 6.2.2 Examples of Displays Produced Using ZEROC
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CSL FORTRAN OF SEPT 1568, CATE 678/71
SUBROUTINE ZERCC

THIS ROITINE FRODLCFS DATA FC« A ZERO-CROSS ING DISPLAY BY
FIRST DIVIDING A TIME S UF [INTO A FREQUENCY BANDS BY MFCANS
OF A DIGITAL FILTERING PRuGRAM.  NEXT IT ANALYZES THE NUM-
BER OF ZERO CROSSINGS IN EACH FREGUENCY RAND AND CONVERTS
THESE TO FRECUENCIFS. THE CORRESPONDING FREQUENCIES IN FINI
APE THEN LOADED WITH THE AVERAGE CF THE ABSOLUTE MAGNITUDE OF
THE OUTPUT CF THE CORRESPONDING FILTER BAND.

AVEMAG a AVERAGE MAGNITUDE OF FILTER CUTPLT.
BUFF = COMMON VARIABLE. INPUT DATA BUFFER.
S

CONST CONSTANT ARRAY USED BY DIGITAL FILTER. 1HE ARRAY
IS rIVIDEC INTO 4 BLOCKS <4 WORDS EACH), ONE BLOCK
CORFESPONrING TO EACH FREQUENCY BANC*
DTIME s TIME PERICE BETWEEN SAMPLES.
EAT, = CONSTANT ARRAYS USED BY DIGITAL FILTER, BACH ARRAY
XIN CONTAINS 4 ENTRIES (BEGINNING AT ENTRY Q)* ONE FUR

EACH FILTER.

FILT * FILTER OUTPUT BUFFER.

FMG S CONSTANT ARRAY USED TO CONTAIN EMPIRICALLY DETERMINED
FUDGE FACTORS TO EQUALIZE THE MAGNITUDE OF THE OUTPUTS OF
THE FOLR FILTERS USED IN THE SUBROUTINE.

FREQ » FREGLENCY CORRESPONDING TO THE AVERAGE RATE OF ZERO
CROSSINGS.

INILER a INITIALIZING SUBROUTINE FOR DIGITAL FILTER* SETS
CONSTANT ARRAYS ACCORDING TO DEsSIREC EDGE FREQUENCIES
FOR OUTPUT OF FREQUENCY bAND.

ISAMF a COMMON VARIABLE, SAMPLING FREQUENCY.

1 SAMP COMMON VARIABLE. POSITION OF SAMPLE POINTER RELATIVE
to data tape.

ISAMPB « COMMON VARIABLE. POSITION OF SAMPLE POINTER RELATIVE
TO EUFF.

IF1 ,1r2s CONSTANT ARRAYS USED TO CONTAIN THE INITIAL AND FINAL
FRBG LENCY VALLES, RESPECTIVELY, FOR THE FOUR BANDPASS
FILTERS USED BY THE PROGRAM (THF FILTERS CORRESPONDING
TO THE oTH THROUGH 3RD ENTRIES IN Each ARRAY). the
negative value for ifko) was chosen so that the initial
filter wolld have a flatter FREQUENCY RESPSNSE» SINCE IT
iS *ctlally a low pass rather than a band pass filier.

IFQPS a ADDRESS WITHIN PINT OF THE FIRST FREQUENCY ENTRY IN THE
CURRENT TIME SLICE.

K a INDEX FOR FILTER LOOPS. IT IS USED 10 KEEP TRACK UF THE
FILTER BEING USED AND TO ADDRESS FI11TER-SPECIFIC CUNSTAMs
AND VARIAPLES SUCH AS IFi*IFg.FmG»EaT, ETC*

L a INDEX FOR FILTER DATA ARRAYS. IT IS USED TO KEEP IRACK
CF THE INITIAL POSITION CF THE DATA ARRAYS USED BY THIC
FILTER PROGRAM, SUCH AS YI, Y2» AND CONST, L IS INCRE-
MENTED BY 4, IE. THE LENGTH CF THE DATA ARRAYS» EACH TIME
A NEW FILTER IS TO BE USDD,

lernfil= digital filtering subroutine.

M a ADDRESS in fint CORRESPONDING to the zero CROSSING
FREGLENCY.

00000000NONOOODO0OOOO00O0O0O0O0O0ONODOOODOO0O0OO0O00O00O000O000O00O0DO0O0O0O00O00O0O0O0O0OOEI
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CSL FORTRAN OF SEFT 1568, CATE 6/28/71

C NZCRS = NUMEER OF ZERO CROSSINGS IN CURRENT TIMB SLICE AT
C current frequency band.
C PERIOD = COMMON VARIABLE. PERIOD OF TIME IN CURRENT TINE SL-ICE
C AFTER LAST ZERO CROSSING IN CURRENT FREQUENCY BAND,
C TIMPD « TINE PER TIME SLICE WHICH CONTAINS THE ZERQ CROSSINGS
C ACTLALLY COUNTED.
C yi,y2. « intermediate data for digital filter, eac™ array is
(of divided 1into 4 blocks (4 words each™ one block cor-
c resfcnding to each frequencyband,
title™
DIMENSION BLF(256)j CONST(15>. EAT(3>. FILT(2%6)= IKI<3>.
1 IP2<3)* PER(256)» REM<3), XIN<3>. Y1<15>,
2 Y2<15)i FMG(3)
DATA(IFKO>8 ™97 , 900«2200« 3500)
DATA(IF2<0>*1000.2800.4000,7000)
DATA(FMG<0 >*.909,1.64,1.56,3.03)
EQL IVALENCE (BUF(1),A(3002)),<PER(1),A(002)),(FILT(1),A(4302))
C
C INITIALIZE THE FOUR FILTERS USED BY ZERCC, CALCULATE THE
C NEEDED CONSTANTS, AND ZERO OUT THE REN ARRAY.
C
L*O
00003 DO 5« K*0. 3
00010 CALL INILER(IFKK), IF2IK), BUF, FILT, Yl<L), Y2<L)a
1 CONST(L), EAT(K), XIn(K))
00022 L«L ¢4
00024 5 CONTINUE
00025 c TIMPD 8 NSAM T*DT IME
00027 DO 10, KaD» 3
00033 10 REM(K) b Q.0
C
8 BEGIN LOOP TO PROCESS ITIME TIME SLICES.
00035 DO 500. wv«I, ITIME
00041 IFOPS * (wW-I>*IFMAX ¢ 1
C
C ZERC OUT THE FREQUENCY ENTRIES IN FINT CQRRESPBNUING TU THE
C CURRENT TIME SLICE.
C
00044 DO 100. K.IPCPS, <TFQPS*IFREQ-1)
00053 100 FINT<K> m 0.0
C
C DETERMINE THE AVERAGE VALUE CF THE CURRENT TIM]p SLICE
C AND LOAD BUF WITH THEINPUT DATA (WITH ITS DC COMPONENT
C REMOVED)) .
C
00055 CALL ADJUS2(INSAMT# *D
00057 CALL AVEMAGCIUFF(ISAMPB), 0.0» NSAMT, AVP)
00057 DO 150. **0# (NSAMT»i >
00074 150 BUF<K) 8 BUFF(ISAMp8*K) -AVE
C

C BEGIN FILTER LOOP TO PROCESS DATA THROUGH EACH OF THE
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C
C
00102

00103
00110

00122
00124

OO0 O00O00OO0O0O O

00125

00132
00133

OO0 0

00143
00150

OO0O0O0O0

00157
00164
00167
00170
00172
00175
00176
00210

00210
00211

00212
00214

00215

-fortran

350

371
373
375
400
500

FOUR FILTERS*

L»0

DO 400» KaO# 3

CALL LERNFIL(X» NSAHT, BUF, FILT, Yi(L),

Lala Y2(L), CONST(), EAT(K), xIn(K))
4

PERIOD * REMK)

NEXT CALCULATE THE NUMBER OF TIMES THE FILTERED SIGNAL
CROSSES ITS AVERAGE VALUE LINE. NOTE THAT IN THE CALL 10
ZECPIC, FER IS USED AS A DUMMY ARRAY TO CONTAIN THE OUTPUT
PRODUCED 6Y THE CALL. THIS DATA IS NCT USED HOWEVER » S"iINCE
WE ONLY NEED THE NUMBER OF ZERO CROSSINGS AND NOT TME PUSI-
TICNS WHERE THEY OCCURRED.

NOTE ALSO THAT SINCE THE DATA FROM FILT IS BOTH ¢ AND -,
-1000 IS USED AS THE ZERO LEVEL IN AVEMAG, SC THAI AND AVERAGE
VALUE CAN BE CALCULATED INSTEAD OF AN AVERAGE MAGNITUDE*

CALL AVEI*AG(F ILT, -1000., NSAMT, AVE)
AVE = AVE - 1000*
CALL ZECFIC(FILT, AVE, NSAMT, PER, PER, nZCRS)

CALCULATE THE FREQUENCY CORRESPONDING TC THE NUMBER OF
ZERO CROSSINGS DETECTED, AND CALCULATE ThE PINT ENTRY CORRESPOND-
ING TO THIS FREQUENCY AND TIME.

0*5*N2CRS/(REM(K) ¢ TIMPD - PERIOD)
FREQ/DELF & IFQPS

CALCULATE THE AVERAGE MAUNITLDE CF THE cLTPUl OF THE DIGITAL
FILTER and ENTER This NUMBER(CORRtCTED For the relaiive gain of the
FILTER) In THE FINT ENTRY CORRESPCND ING TC ThE FREQUENCY OF THE
NUMBER OF DETECTED ZFRC CROSSINGS.

CALL AVENAG(FILT, AVE, NSAMT, AVMAG)
FINT(M) = FLINT(H) 4 AVHAGH#FMG(K)
REM(K) = FER ICD

if (sense switch 2) 373, 400
ITMR = M - IFQPS .
FTHP = AVHAG"FMG(K)

PRINT 375, w, FREQ, ITMR, FTMP, AVE
FORMAT (@H w*,16, 7H FrfQb ,F12*1» 2X
8H AVMAGsFg*l,2X,Fff.3)

continue

ISAMP = ISAHF 4 IDFLT

CONTINUE

RETURN

END
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6.3 FORMEX

This subroutine is used to process the output of the SPECTO
subroutine once it has been normalized and to extract the formant structure
from it. After determining the formants, it clears the FINT array so as to
leave only the formant peaks to be displayed.

The subroutine iteratively processes each time slice individually.
Thus the subroutine consists of one huge loop which is repeated until ITIME
time slices have been processed. The loop begins by searching the time
slice for its frequency component peak magnitudes. This search must be
performed a second time on the results of the first search to get the actual
peaks, since the first search only produces a frequency magnitude envelope.
The processing of a typical time slice is shown in figure 6.3.1. Note
that the initial peak picking operation will always produce an envelope
consisting of all the minor peaks in the display. These minor peaks are the
various harmonics of the voice pitch frequency and are characteristic of
voiced speech.

As 1is the general characteristic of the system, FINT is treated
as a singly subscripted array throughout the loop. [IFQPS, the position of
the first frequency component( i.e. lowest frequency) of the particular time
slice, 1is calculated at the beginning of each pass through the loop and this
value is then used throughout the remainder of the loop to determine positions
in FINT.

After calling the peak picking programs twice, FORMEX has to un-
tangle the problem of indexes, since PEAPIC returns the index value relative
to the array specified as the input and on the second call the input array
is the output of the first call. This means that the values in the INDX2

array refer to positions in PBUF1l instead of in FINT. Thus FORMEX must do an
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Initial Spectrum Analysis First Pass Selects All
of Time Slice Peaks Due to Pitch Harmonics
Second Pass Selects Final Formant Selection

Potential Formants

Figure 6.3.1 Effect of the Peak-picking Process

on the Spectrum Analysis of a Single Time Slice
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"indirect address” access to the INDX1 array to get the peak positions
relative to FINT.

Once the proper peak positions have been loaded into INDX2,
the data in FRMAG and INDX2 are sorted on the basis of the magnitude
values in FRMAG. IT the largest frequency component magnitude is too
small to display, there is no further need to process the time slice
and FORMEX goes to the next one. If it is large enough to be displayed,
and it is above 3500 cps (this is determined by its corresponding position
in FINT and the frequency spacing between frequency magnitude samples in
FINT), the time slice is classified as a pure friction time slice and
no further extraction is performed.

IT the largest magnitude frequency component is over the
minimum magnitude displayed and under 3500 cps, the time slice is classified
as a formant time slice. It should be kept in mind however, that there may
still be a significant amount of friction in the higher frequencies.

The formant processing assumes that only the four largest
frequency magnitude components are formant candidates. In addition, if it
turns out that the fourth largest magnitude is less than half the size of
the third largest, the fourth largest is also discarded. This comparison
of the two smallest formant candidates is repeated until the smallest
candidate is greater than half the size of the second largest. Finally,
any remaining candidates over bOO0 cps. are eliminated since it is unlikely
that a formant would appear above that frequency.

Once the formants have been picked, the FINT time slice is zeroed
out beginning at the lowest frequency component and continuing up to the
second entry higher than the highest frequency formant. Then only those
magnitudes corresponding to the selected formants are reloaded into FINT.

This technique retains the highest frequency components of the time slice
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and "thus does not destroy any high frequency fritction which may he present.

Note that the magnitudes of the formants are doubled when they are replaced

in FINT. This allows them to stand out more forcibly in the display.

Once the time slice has been reloaded, FORMEX proceeds to the

next time slice and when

ITIME time slices have been processed, it returns.

Figure 6.302shows several examples of spectrographic displays which

have been processed by FORMEX to extract their formants. They have been

produced using the system CRT display routines. The commands needed to

actually produce the display after having moved the data tape pointer to

the position of the header block for the particular speech word are as follows

HEADT

FINIS

SPECTO

NORMF

HIEMP

FORMEX

SPDISP

Calculate ITIME based on time slice size and
the length of the data word.
Print out the variable values and turn off the

display.

Normalize the output of SPECTO
Add high frequency emphasis
Extract formants

Produce the picture of the display.



Speaker a Speaker a

""shod” "vile"
Speaker b Speaker c

"said” "said"
Speaker b Speaker d

“ted" "'dame"’

Figure 6.3.2 Examples of Displays Produced Using FORMEX
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CSL FORTRAN OF SEFT 1568, CATE 6/28//1
SUBROUTINE FQRMEX

THIS SUBROUTINE TAKE* THE OUTPUT OF SPECTO, IE* A 1IME VS.
frequency intensity arrav. and processes it to exiract »he formant
peaks, tee Extraction is performed by finding the majch fRtQuUFcNCy
peaks in each time slice then eliminating those which are too
small oOr whose freclencies are toc high TC be formants.

DEIF = COW'CN VARIABLE, FREQUENCY DIFFERENCE BETWiEN FREQUENCY
magnitude fntries in fint,

FINT = COM™CN ARRAY. CONTAINS FREQUENCY COMPONENT MAGNITUDES.

FINTM 5 CCW"CN VARIABLE. MINIMUM INTENSITY uHICH WILL *E DIS-
PLAYED EY THE DISPLAY ROUTINE.

FQMAX s frequency cf the largest magnitude fcRmani candidate,

FRMAG = tempcrary elffer used to hold peak magnitudes of formant

candidates.

frmpt = SLBRCCTINt. USED TO PRINT OUT FORMANTS OR FORMANT
CAND IDATES.

IFMAX s CCMMCN VARIABLE. MAXIMUM NUMBER CF ENTRIES ALCNG THE
frequency dimension in fint, usfd tc calculate sub-
scripts IN FINT.

IFCPS = CCMMCN VARIABLE. INITIAL FREQUENCY POSITION WUHIN FINT
FIﬁRFITme_ CURRENT TIME SLICE. USED TO CALCULATE SUBSCRIPTS

IFREO = CCMMCN VARIABLE. NUMBER CF FREQUENCY ENTRISS IN DISPLAY.

INCX1 = TEMPCRARY FLFFER USED TO HOLD INDEX POSITIONS O PEAKS IN
fint.

INCX2 = TEMFCRARY ELFFER USED TO HOLD INDEX POSITIONS OF FORMANT
CANDIDATES.

LIMi  a LAST ENTRY LSEC IN PBUFi AND INDxi.

LIM2 = LAST ENTRY USED IN FRMAG AND INDX2*

NFCRM S niImeer cf fcpmants.

ORDER » SIBRCUTINE. USED TO SORT MAGNITUDE AND INDIX ARRAYS!
PBIFI » TEMPORARY BUFFER USED TO HOLD PEAK MAGNITUDES.

OO0 OOOOOOOOOO00OOO

title*
DIMENSION PBLFK50) FRMAG<25>»

1 gO)I INDX2 25)
EOLIVALENCE (PB PId DH*
1 (FRMAG(1 ), A(201) )* <INDX1<1># A(3Q1>>»
2 (INCX2(1)# A(401>>
DO 300 » 1«1 * ITIME
00006 NFCRM s 4
00007 c IFCPS s (I-1>*IFMAX ¢ 1
C USE PEAFIC TWICE TO EXTRACT THE PEAK FREQUENCY VALUES AND
8 POSITIONS. THESE FEAK FREQUENCIES ARE THE INITIAL FORMANT CANDIDATES
00012 CALL PEAFIC(F INT(IFCPS) , IFREQ»PBuF1 , INDX1,LIM1>
00 024 CALL PEAFICCPBUF1# L IMI, FRMAG, INDX2» LTM2)
00032 40 PRINT 50» I» LIMI# LIM2
00 041 50 FORMAT (///11H TIME SLICE,315>

00041 DO 10» J31» LIM2



00045

00052

00060

00065
00072

00075

00103
00107

00110

00121
00124

00126

00135
00142
00145
00146
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CSL FORTRAN OF SEFT 1$68, CATE 6/28//1

10

OOOOOO0O OO0 OO0O0

100

OOO0O0

140

200

OO0 O0O0O0O0

240

250

OO0O0O OO0

251
252

INCX2<J> s INDXi(INCX2(J))

SORT PE*K MAGNITUDES IN ORDER OF HIGHEST TO LOWEST
VALUES.

CALL ORDER(FRMAG , TNDX2, LIM2* 0, 0)

NEXT CLASSIFY THE TIME SLICE ACCORDING TO THE MAGNITUDE AND
FREQUENCY VALUES OF THE PEAKS. IF THE LARGEST MAGNITUDE IS TOO
SMALL TO 6E 4 ISPLAYED, GO TO THE NEXT TIME SLICE,

IF (FRMAG(I) - FINTM) 300, 300, 100

IF THE LARGEST FREQUENCY COMFONENT IS ABOVE 3500 CRS., THE
TIKE SLICE IS CLASSIFIED AS FRICTION, IE. S, F, T, S8IC,

IF THE LARGEST FREQUENCY COMPONENT TS LESS THAN 3500 CPS,,
THE TIME SLICE KAY STILL CONTAIN FRICTION. IN THIS CASE, PHO-
CESS THE TIME SLICE FOR FORMANTS FIRST.

FQMAX = INDX2<1)*DELF
IF (FQMAX - 3500.) 200, 200, 140

PROCESSING OF A FRICTION TIME SLICE.
IN THIS CASE PRINT OUT ALL OF THE PEAKS IN ORDSR ON THEIR
FREQUENCIES AND GO TO THE NEXT TIME SLICE.

CALL ORDERIFFMAG, [INDX2, LIM2# 1» 1)
CALL FRMFT(PRMAG, INDX2, LIM2>
GO TO 300

PROCESSING OF A FORMANT TIME SLICE.
BEGIN WITH THE FOUR LARGEST FORMANT CANDIDATES, CHECK IHE SIZE
OF THE 4TH. LARGEST AS COMPARED TC THE 3RD. LARGEST,
IF (FRMAG(3) - 2 .QtFRMAG (4>) 250 , 250# 240

IF THE SMALLEST OF THE POTENTIAL FORMANTS IS LESS IHAN HALF
THE SIZE CF THE NEXT LARGEST FORMANT, ELIMINATE IT.

FRMaGU) b 0*0
NFORM = NFORM - 1

ORDER FORMANTS BY frequency.
CALL ORDER(FRMAG, INDX2, NFORM, 1, D

ELIMINATE ANY FORMANTS ABOVE 4000 CPS SINCE FORMAN, IS
SHOULD NOT BE THAT HIGH.

FQMAX * INDX2<NFORK)*DELF

IF (FQMAX - 4Q00.) 254, 254, 252
NFORM “a NFORM - ¥

GO TO 251



107

eSL FORTRAN OF SEPT 1568, TATE 6/28/71

S0

00150 254

SO0 O=

00154
00160
00165 255
00167
00173
00175
00177 260
00201 300
00202
00203

-fortran

PRINT OLT THE FORMANTS.
CALL FRMPT(FRMAG, INDX2» NFORM)

THEN ZERO CUT THE TIME SLICE UP TO THE SECOND SREQUENCY
ENTRY ABOVE THE HIGHEST FORMANT AND ONLY FILL IN 1H8SE LOWER
FREQUENCY ENTRIES CORRESPONDING TC FORMANT FREQUENCIES.

JFINI * IFQPS & INCX2(NFORM) ¢ 1
DO 255» whb IFCPS, JFINI
FINTgJ) 3 O»C
DO 260» w>li NFCRM
M e IFQPS - 1 ¢ INCX2(J)
FINT M& 3 2«0*FRMAG(J)
CONT E
continue
RETURN
END
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6.k RVMPT (FRVA.G, INDX2, NFORM)

This is a short subroutine used exclusively by FORMEX to
print out lists of formants or formant candidates. FRMAG is an array
containing magnitudes, INDX2 is an array containing index positions, and

NFORM specifies the number of formants to be printed out.
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CSL FORTRAN OF SEPT 156a, CATE 6/28/71
SUBROUTINE FRHPTIFRMAG, INBX2. NFORM)

THIS SUBROUTINE IS USED BY FCRMEX To PRINT OUT THE FORMANT
FREQUENCIES and their values, each formant is printed BUT U"IV-

ITSf*"M6ER, frequency index, frequency value» and magnitude,
after nfcrm formants have been printed, the subroutine returns.

OOOO0O0

title™

dimension FRMAGSI), INDX2 (1>

IF (SENSE SKITC ) 30, 300
00004 50 DO 200. wvil, NFORM

00011 FRFRQ s INDX2(J)*DELF

00013 PRINT 100, iw# INDX?2(J>, FRFRQ, FRMAG(V)

00023 100 FORMAT (9H FCRMANT ,13»2X,14HFREQ ¢ SLICE s 3 2x#
1 7HFREC. «»F?.0*2X,8HMAGNIT ,«,F10 3)

00023 200 CONTINUE
00024 300 return

00025 END
-FORTRAN
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6.5 PYRON

This subroutine is used to generate x-y speech displays of
the type described by Pyron and Williamson [1965]. Basically these displays
plot a zero-crossing rate vs. the amplitude envelope of the speech signal.
Sense switch 3 is used to select one of two options. IT sense switch 3 is
up, the routine will produce a plot using the zero-crossing rate of the
original speech signal, Z», while if sense switch 3 is down it will produce
a plot using the zero-crossing rate of the dex"ivative of the speech signal
V

The subroutine takes its data from BUFF and processes it in
"time slices”" although this term does not have the same significance that
it does in the case of programs such as SPECTO. In effect, the time slice
(which contains NSAMT data samples) is merely a convenient processing unit
for the various routines used by PYRON. At any rate after setting up the
various constants and filters, PYRON enters its main loop which processes
ITIME of these slices.

The main loop is divided into two sections, one to process the
y input for the display, i.e. the Z signal, and one to produce the x input,
ic,-. the amplitude envelope. The y input processing begins by placing the
data to be processed in the ZBUF array. In the Z™ case (i.e. Sense switch
3 is up) this simply involves loading the time slice data from BUFF to
ZBUF. In the Z» case, the subroutine DIFFER is called to differentiate the
data in BUFF and load it into ZBUF.

Next a threshold check is made on the data in ZBUF. If its
average magnitude deviation about its average value is less than 5.0 the
time slice most probably is simply noise with no speech signal present

and the program skips the processing and proceeds to the next time slice.



This threshold detecting allows the program to eliminate the "blank

spaces' before and after words, since these regions would still have a
definite zero-crossing rate even though their amplitudes were small and
would thus produce obscuring garbage on the display. It should be noted
that in this particular case, the size of each time slice would make a
difference in how much of the non-signal data is eliminated, since a large
time slice with only a small amount of signal at the end would be processed,
whereas i1f it were broken up into smaller time slices only the last one
would be processed.

IT the input magnitude is large enough to be processed, the data
is first used to obtain the Z signal. To do this the data is sent through the
ZECPIC subroutine whose output ABUF then contains the length in seconds of
the successive zero-crossing intervals. PYRON then zeros out ZBUF and
inserts impulses in it at intervals approximating the positions of the
zero-crossings. Finally the pulses are sent through a smoothing filter, i.e.
the subroutine ENVLP, to obtain a buffer containing the successive samples
of the smoothed Z signal output.

In order to have a full scale deflection on the display represent
about 6000 zero-crossings per second while using a smoothing filter with a
response time of 10 ms. (these are the values used by Pyron and Williamson),

we need to adjust the amplitude of the impulses generated by the zero-

crossings. If:
A = amplitude of the impulse produced by a zero-crossing
n = the number of zero value samples between crossings
A" = full scale deflection at 6000 crossings/sec.

then at equilibrium with a 3000 cps input, the value of the decayed output

after n zero valued samples, A1, will be:
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n
A’ = (Amplitude after last pulse) x (decay Tactor for 1 sample)

/4 -,001\n
= ( (1-e--001) A + e-001 A" x (e 3

= (-0Q5A + .995 A’) x ,995n
But at 6000 zero crossings per second (using a 20 KC sampling rate)
there will be 3.3 samples per crossing or 2.3 zero-value samples per

crossing. IT we let A" = 1000 (Full scale deflection is actually 1021+)

then we get:

1000 = .989 (.005A + 995.)
1000 = .001+99A + 981+
16 = _001+99A
or A X 3200

and empirically this turns out to give a reasonable display. Figure 6.5.1
shows an example of the output of the zero-crossing rate detector.

Obviously, the Z signal could have been produced much more simply
directly from the output of ZECPIC. However, the present method was chosen
because it was directly analogous to the method used by Pyron and Williamson
in their hardware implementation of the display and would therefore hopefully
contain the same quirks and peculiarities as theirs.

In order to produce the amplitude envelope the data is Tfirst
half-wave rectified and then sent through a smoothing filter. In this case
the smoothing filter was adjusted to have a rise time of 1 ms. and a fall
time of 25 ms. Figure 6.5.2 gives an example of the Tilter’s operation.
Pyron and Williamson [1965] specify a 5 ms. rise time but this was an empirically
determined value and in the present case 1 ms. seemed to work better. The
successive output samples of the Tfilter routine are loaded into the ABUF

array.



Figure 6.5.1 Zero Rate Output Used as X Input to PYRON Display



Figure 6.5.2 Amplitude Envelope Output Used as Y Input to PYRON Display.
Superimposed on Speech Signal Input.
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The final operation in the time slice is to plot the Z signal
vs. the amplitude envelope. This is done using the DISSY subroutine.
Then a photograph is taken of that section of the display, the data pointer
is updated, and the subroutine moves on to process the next time slice.

It should be noted that throughout the subroutine, sense switch
2 is used to indicate the debugging mode. IT it is on, then at various
stages in the subroutine the intermediate data will be displayed and/or
printed out.

Figure 6.5.3 shows several examples of Z~ vs. amplitude displays
whille Ffigure 6.5.U shows examples of displays of Z2 vs. amplitude. The
commands used to produce the display after having moved the data tape

pointer to the position of the header block for the particular speech

word are:

HEADT Calculate ITIME based on time slice size
and the length of the data word.

FINIS Print out the variable values and turns off
DISPLAY.

PYRON

The "time slize size" is not especially critical in these
displays but was kept at 1000 for the pictures in figure 6.5.3 and

6.5.".



Speaker a Speaker a

""shod" "vile"
Speaker b Speaker c
“'said” "said"”
Speaker b Speaker d
"ted" “'dame*™

Figure .5.3 Examples of Z vs. Amplitude Envelope Displays Produced
by PYRON 1
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Speaker a Speaker a
"'shod" "vile"
Speaker b
"said"
Speaker b Speaker d
“ted" "dame"”

Figure 6.5.*+ Examples of Zp vs. Amplitude Envelope Displays Produced
by PYRON d
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£
CSL FURTRAN OK SEPT i960, T TF 8/12/71

SURRCU7 IME FYRCN

f-

5ot R

7¢ IS s”™eroltinf is used to generate SPEECH displays of IHE
1YFF PFSIR lIeEn EY FYRON AND WILLIAMSON. f= SENSE SWITCH &« IS UP,
THE LTINE WILL PRODUCE A ¢1 VS. AWPI ITUCE ENVELOPE DISPLAY
OF THE SPEECH INPUT , WHILE IF SENSE SWIJCP ¥ IS DOWN, IT WILL
proDUCE A 02 VS. APFLITUDE ENVELOPE DISPIAY. ZI IS PROPORTIONAL
TO THP Ni1-PEEF OF ZFKO CROSSINGS IN THE SpEECP SIGNAL ITSELF, WHILE
72 1if' PRCFOR7IONAL TO THE NUMbER CF ZERO CROSSINGS IN THE DfcKIVA-
TIVFtjOF IPE SFEECH SIGNAL.

THE SUERCUT INF UTILIZES TWO DIFFERENT SmGCTHING FILTERS, ONE
FOR THE 1 SIGNALS UPICP SMOOTHS OLT THE RFIKES PRODUCED AT EACH
ZERO CROSSING, AND THE OTHER TO FOLLOW 7hE RECTIFIED SPEECH IN-
put and produce the amplitude envelope.

THE SUEFCUTINF CONTAINS A DEBUGGING FEATURE UTILIZING SENSE

SWITCH ?¢' WHEN ThTF SWITCH IS UP, THE PrCGRaM WILL DISPLAY UN
IHE OPT, THE DATA 7C BE PROCESSED DURING EACH PROCESSING CYCLE.
IF THE DIFFERENTIATION OPTION IS LSED, It WII.L ALSO DISPLAY IHE
INTERNED 1ATE RESULTS AFTER DIFFERENTIATION*  FINALLY, IT PHumTS
OUT ihP -F.INAL CCNTFNTS OF ZBUF , (IE. THE AVERAGE ZERO CROSSING
RATE) Al, THE B\D. OF EACH CYCLb.

ABUF = BUFFER USED TC CONTAIN THE SAMPLES CF THE AMPL | TUOt
ENVELOFF,

AVE = AVERAGE VALUE CALCULATED By AvEmAG.

AVEM = AVERAGE MAGNITUDE CALCULATED BY AVEmAG.

8FI,HF?="FALLING SIGNAL COEFFICIENTS LSED By ENVLH.
BRI,HP2= RISING SIGNAI COEF FICENTS USED RY EnVLP.
PUFF = DATA B8UFFFR.

DTIMP = TIME BETWEEN DATA SAMPLES.

EAFT. = FALL TIME CONSTANT USED BY ENVLP
EAF?

EART, = RISE TIME CONSTANT USED BY ENVLP.

EAR? T

FTMPC, ='TEMFCRARY FLOATING POINT VARIABLE USED TO CONTAIN
THE MAXIMIM X VALUE FOR CISSY.

ISAMp .= POSITION CF THE DATA POINTER WITH RESPECI TO THE
< CATA TAPE .

ISAMPP = POSITION CF THE DATA POINTER WITH RESPECI TO BUFF.

ISCOP**? CISFLAy BIFFER FOR DISSY.

ITIMP =1 NUMEER OF time slices TO BE processed.

NSAM7 = NUMBER OF samples TO BE PROCESSED PER TIME SLICE.

mzcr number cf zero crossings found by.zcrpic.

XB s DuMM7A VARIABLE USED by DISSY.

0000000000000 O0N0O0ONO0O0000OOOOONOOOO0OOOOO

Y1, Yo VARIABLES LSED BY ENVLP TC SAVE HAST DATA POINT
PROCESSED FY FILTER.

ZBLF = BUFFER USED TC CONTAIN THE SAMPLES CF THE ZERO CROSSING
rate.

TITLE*

DIMENSION AELF( 400 0)* ZBUFUOQQ)
EQUIVALENCE (A9IF(n), A(U002 >># <ZBUF(0), AU500d>>
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CSL FORTRAN OF SfPT 1568, TaTR 8/12/71

Cc INITIALIZE constants and SET UP FILTER parameters.
0
CALL 1FILT(1G.0,NSaRT,10.0,BR1,EARI,BFi ,PAFT,Y1)
00013 CALL IFILT( 1 .0,NSAMT.25 .0#BR2,EAR2,HF2,FAF?,Y2)
00024 PER InD = 0-0
00025 XB = 0.0
00026 Y1 = 500
00027 Y2 = 0.0
00030 FTMp = NSAMT
c
C PROCESS ITIME TIME SLICES.
r
00031 10 ?R9, 1=1, 1TIME
00036 CALL. ADJLS2 (“SART, -i)
i/
C CHECK SENSE Sr ITCP 3 TO DETERMINE THE TyFE OR PLOT To bb
C PRODUCED.
1]
00040 25 IF (SENSE Sr ITCP 3) 26, 30
r
c FOR A 7Z1 VS. AMPLITUDE ENVELOPE PLOT, TAKE THE DATA DIRECTLY
c FROM BIJRF WITROLT PROCESSING.
r
00047 26 DO ?7, J=0>» (NSAMT-1)
00050 27 7BLF (J) = BIFF (ISA PR ¢ J)
00055 GO TP 35
C
c FOR A 2c¢ VS. AMPLITUDE ENVELOPE PLOT, TAKE THE DfcRI -
c VATIVE OF TP6 INPUT.
c IF THE EEBIGGTNG MODE IS BEING USED. DISPLAY THE [INPUT
c TO T*E DIFFERENTIATOR CN THE CRT.
G
00056 ou IF (SENSE SUITCH 2) 31, 34
0U060 A1 LAI. i DISSYOE,BLFF (1SAMPP) ,NSAMT, 1 SCOP 1,8000. FTMP,1024.# 0)
00075 CALI RHA INOW
000 76 34 CALL t"IFKER(ELFF( ISAMPB) , NSAMT , 2BuF)
00105 35 IF (®"BNSE SWITCH 2) 40, 45

00107 «u CALL DISSv <XE,Z6UF_NSAMT, 1SCOP1,8000 *FTMP,10g4.»0 >
00121 CALI RHAINOK

00122 PRINT 43# |1

00127 43 FORMAT (@1 1TIME = 14 .3X.27H INTERMED 1ATE ZBUF CGN1ENTS.)

00127 RRINM 300, (ZBUF(J), J=0* NSAMT)

00141 5 continue
u
c NEXT ChECK THF RESULTING DATA TO SEp IF IT IS ABOVE
C THE cINIMLM ARPLITLCE THRESHOLD. IF IT TS NCI, SKIP TO THE
(lg NEXT TIME SLICE.

00141 CALL AVEMAG(ZgUF, 0.0, NSAMT, AVE)

00146 CALL AT"/EMAG(2BOF , 4VE, NSAMT, AVEM)

00153 IF (aVEM - g .0) 290# 290 # 46

C if ire average magnitude is above the threshold value,



00156

00165
00171

00173
00200
00203
00204

00205

00216
00226
00227

00240
00245

00250

00261
00272

00273

00274
00277
00305
00305
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CSL TORTRAN OF SEPT 1*68, CATE 8/12/71

C
C
C

46
48

S1Y)

OO0000 OO0OO0O

OO0

75

OO0 O0OO0O0O0

2*0

OO0

2*5
276

CONTINUE PROCESSING BY finding THE ZERO crossings IN IHE
DATA IN 26UF.

CALL ZECFIC(2BOF, AVE, NSAMT, ZBUF, ABUF . N/CR>
DO a24s8» JsO» NSAMT

ZBLF(J) s 0.G

DO 50» JsO# (NZCR - 1)

M = ABOF (W)/CTIME

ZBLF(M) = 32C0e

CONTINUE

FINALLY SMOOTH OUT THE PULSES IN ZBuF USING A SMOOTHING
filter tc produce a smoothed zero Rate signal in zbuf.

CALL ENVLP(ZEIF,NSAMT.ZBUF,BR1,EART,BFi ,EAFT,Y1)

in order tc produce the amplitude envElcfe, first calcu-
late the AVERAGE value OF the input data and then half-wave
rectify this data about the average value.

CALL AVEF"AGCEuFF (ISAMPB ), -1023 ., NSAWT, AVE)
AVE = AVE - 1023.
CALL RECT IF(EIFF (ISAMPB ), AVE» NSAMT, ABijF)

FINALLY» REMOVE the DC COMPONENT to PRODUCE A RANGE OF
VALUES BETWEEN O And 512.

DO 75 J«o» (NSAMT - 1)
ABUF(J) s ABUF (W) - AVE

NEXT, FILTER THE RESULTING SIGNAL USING THE SUBROUTINES
SECOND SMOOTHING FILTER AND STORE THE RESULT IN ABUF.  AbUF

now contains the Smoothed amplitude envEicpe of the speech

INFUT SIGNAL.

CALL ENVLP(AEIF»NSAHT,ABUF,BR2»EAR2,BF2»EAF™,Y2)

FINALLY PLOT THE CONTENTS OF ABUF VS. ZELF Tu PRODUCE
AN NSAMT LONG SEGMPNT OF THE DESIRED DISPLAY. THEN PHOTO-
GRAPH THE DISPLAY (ONE EXPOSURE) AND REPFAT THE PROCESS ON
THE NEXT DATA SLICE.

CALL DISSY(AEOF,ZBIF,NSAMT,1SCOPI,B00Q»512.»1024_"-1)
CALL PHO1C (1)
ISAMP = ISAMF o IDELT

IF THE CEBLGGING MODE IS BEING USED, PRINT OUT THE 11Mb
SLICE INDEX AND THF CONTENTS OF Z&UF.

IF (SENSE SWITCH 2) 295» 299
PRINT 296» |

FORMAT (VH ITIME a ,14»3X»7HOUTPUT.)
PRINT 300» (2BUF(J), j*o» NSAMT)



CSL HORTRAN of SEEj 1568, rATE 8/12//1
00317 73y CONT1 NUE

00320 ) RETURN
00321  3UU FORMAT (kX#IC(FC.2,1X))
00321 3Ut FORMAT (¢ X,1C(F¢ .7,1X) )
00321 END

FORTRAN*®
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Section 7
THREE DIMENSIONAL DISPLAY ROUTINES

The Three Dimensional Display package consists of a set of
programs used to produce two dimensional displays with the third dimension
represented hy varying the displays intensity. The input for the display
package is the data in PINT, which has previously been generated by one
or more of the Speech Display routines. The output is a finished Polaroid
photograph.

The package can be divided into three parts: NORMF, FINTPT and
HIEMP which perform preparatory processing on the data before a display is
actually generated; SPDISP, ENTER, and HEDBUF which produce the actual
display and photograph it; and finally, the CSL system programs which
are used as the direct interface to the CRT display unit. In order to
provide a more complete description of the total Speech Display system,
these latter programs will be described, even though they are technically
part of the CSL CDC 16Ql] Operating System, since without them many of the
operations performed in the other programs in the display package would
not make sense. However, the listings will not be given since they are

highly dependent on the particular hardware itself.
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7.1 NORMF

This subroutine normalizes the data in the FINT array before
it is used by SPDISP. Its basic operation begins by finding the maximum
value in FINT within the limits of IFREQ, the number of frequency
components being used, and ITIME, the number of time slices being used
in the display. The subroutine then calculates a multiplicative factor
which when multiplied by the maximum value will give a value close to
the range of intensity values which can be displayed. Finally all of
the values in FINT are multiplied by this value, thus giving a linear
normalization of the data and a known maximum value.

There are two complications which are added to this basic
algorithm. First of all, if sense switch 2 is up, the subroutine will
print out the FINT array. This operation is actually performed by
the FINTPT subroutine.

Secondly, the normalized maximum value can be varied by the
operator. The maximum intensity value which can be used by the display
is 255. IT any value higher than this is used, ENTER, the program which
generates the display buffer, will truncate it to 255. The normalized
maximum value is controlled by making it equal to the product of 255
times the system variable OVFAC, whose value can be controlled by the
operator.

The main reason for choosing a value other than 1.0 for OVFAC is
to change the effective contrast of the display. In many of the displays
under consideration, a very small percentage of the data points will have
values much higher than the normal range. [If the maximum value were
made equal to 2559 and the rest of the data were normalized linearly,

almost all of the points would be considerably less than 255 and a
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significant proportion of the intensity range would contain only a few
points. By letting the maximum normalized value he greater than 255
and then truncating any intensities over 255 to that value, we 1in
effect spread out the lower and middle ranges at the cost of distorting
a very few number of points in the display.

An alternative method would he to use a type of logrithmic

normalization hut this would he more complicated and take more time.



C*L FORTRAN OF SEPT 1?68, [ATE é/aa/71

00092
00093
00099

OO0

00060
00061
00062
-FORTRAN

39
60

FINT<J> » FINTIw)«FACTOR
CONTINUE
CONTINUE

AFTER NORMALISATION.
2 IS WR.

CALL FINTFT
RETURN
END

PRINT OUT TNI

FINT ARRAY

126

IF S*NSE SWITCH
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7«2 FINTPT

This is a very short program used by NORMF to print out
the contents of FINT. The printing is performed only if sense switch 2
is up. Note that sense switch 2 is rechecked after each frequency
slice has been printed. This allows the operator to halt the printing

even after it has started if he so desires.



128

CSL FORTRAN OF SEPT 1568, CATE 6/28/71

OO0O0OOOOOOOOO0O0

00005
00011
00013
00015
00033
00036
00036
00036
00037
00040

-eofortran

10

11
12
15
20

SUBROUTINE FINTPT

THIS SUBROUTINE IS USED TO PRINT OUT THE CONTENTS BF THE
FIAT ARRAY PROVIDED THAT SENSE SWITCH 2 TS UP. THE ARRAY
PRINTED CNE FREQUENCY SLICE AT A TIHE IN ORDER OF INCREASING
FREQUENCY ANC TIME WITH A SKIPPED LINE BETWEEN EACH FREQUENCY

COMPONENT  SLICE.

FINT  «FRBQLENCY [INTENSITY ARRAY,

IFMAX  » MAXIMUM FREQUENCY INDEX IN FINT.

IFREQ mNUMBER CF FREQUENCY ENTRIES USED IN FINT.

JEND  wADDRESS OF ".ZEROTH ENTRY IN THE LAST TIME SLICE

JSTOP alLAST ENTRY TO BE PRINTED IN A GIVEN FREQUENSYSLICE.

title™
JEND « (ITIME - 1>*IFMAX
DO 15, 1*1# IFREQ
IF (SENSE SWITCH 2) 10# 20
JSTOP * 1 & "eEND
PRINT 11, (FINT(), J»l, JSTOP, IFMAX)
PRINT 12
FORMAT <2X#10<Fe.2,2X>>
FORMAT </>
CONTINUE
RETURN
END
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7.3 HIEMP

This subroutine is used to give high frequency emphasis to
the normalized data in the FINT array, if desired. Its operation is
very straightforward since it simply goes through the array and multiplies
each entry by a factor whose magnitude depends on the frequency of the
data. The emphasis begins with the entry in the array nearest the 2000
cps. level. The multiplicative factor begins with a value of 1 and

increases uniformly at a rate of 12.5xEMPFC per 1000 cps. The usual

value of EMPFC is .15
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CSL FORTRAN OF SEPT 1560, CATE €/20/71

00004
00010
00012
00015
00021
00022
00031
00032
00036
00037
00040
-«FORTRAN

0000000000000 0NNODOOOOOOOO

100
200

SUBROUTINE HIEMP

THIS 9QUEROLTIM TAKES THE CONTENTS OF FINT AND ADD«
EMPHASIS TO THE HIGH FREQUENCY COMPONENTS. THE HIGH FRKQUENCY
EMPHASIS BEGINS AT 2000 CPS. THE MULTIPLICATIVE FAG6TOR STARTS
at 1 and IS Incremented uniformly at a rate of empfs*12T5
1000 cps.

DELF e CCMMCN VARIABLE. DIFFERENCE (IN CPS.) BETWEEN FREQUENCY
values corresponding to adjacent entries in fini.

DLFAC a DELTA FACTCR BY WHICH FAC INCREASES FOR EACM FREQUENCY
ENTRY IN FINT. ,

EMPFC a CCMMCN VARIABLE. INDICATES RATE OF INCREASE iN FAC.

FAC  « MULTIPLICATIVE FACTOR FOR CURRENT FREQUENCY ENTRY.

FINT a CCMMCN VARIABLE. TWO DIMENSIONAL FREQUENCY [INTENSITY
ARRAY . IN CRDER TO BE MORE EFFICENT AND ALSO TO ALLOW
THE "DIMENSIONS TO BE CHANGED DYNAMICALLY# THE ADDRESS
CF EACH ENTRY IN FINT IS CALCULATED DIRECTLY INSTEAD OF
USING THE FORTRAN [INDEXING.

IFMAX a CCMMCN VARIABLE. MAXIMUM NUMBER OF ENTRIES ALONG FREQUENCY
DIMENSION CF FINT. USED TO CALCULATE ADDRESSES IN FINT,

INFRQ = RELATIVE LOCATION OF THE 2000 CPS. ENTRY IN A GIVEN TIME

slice,
ITTHE » CCMMCN VARIABLE. NUMBER CF TIME SLICES.
JEND a ADDRESS OF ZEROTH ENTRY IN LAST TIME SLICE GF FINT.

title™

INFRQ = 2000*/DELF * 5

DLFAC a EnPFC*25./(200Q./DELF>
FAC allo

JEND * (TI'ME - 1) * IFMAX

DO 200, I B INFRQ, IFREQ

FAC * FAC * DLFAC

DO 100, v a I, (JEND * I), IFMAX
FINT(J) s FI.NT(s )*FAC

CONT INUE

CONTINUE

RETURN

END
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7.1+ SPDISP

This routine is used to produce a photograph of a variable
intensity CRT display generated by using the common array, FINT, as a two
dimensional array of intensities to be displayed. The SPDISP routine
interpolates between the points to produce a smoothly varying display
which it then photographs. Depending on the characteristics of the data
in FINT, it may be necessary to break the picture into strips and take a
multiple exposure“photograph.

The floating point contents of FINT have been previously
produced by one of the various speech display routines. The intensity
values should be normalized to somewhere around 256.0 since that is the
maximum display intensity and any point above this value will be
truncated. In order to get a better spread of display values, it is
sometimes desirable to have a few points over 256.0 (which then become
truncated) and thus allow the smaller values to spread out more. This Iis
especially true if, as is usually the case, the data contains a few
samples relatively larger than the rest.

The characteristics of the display itself are determined by
common variables whose values may be chosen by the operator. IDEL is a
display variable and specifies the spacing of the points which will be
displayed, i1.e. how many positions apart each point will be (there are a
total of H096 x 1+096 positions). IDELX specifies the number of display
points which will be interpolated between each FINT entry in the X direc-
tion while IDELY specifies the same information for the Y direction.

IXMAR indicates where the display of the data will begin relative to the
left-most border of the CRT face. It is given in units of time slices,

i.e. it tells how many time slices on the left hand side of the display

will contain no information whatsoever. Finally, the operator can
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determine the minimum intensity value which will be displayed. By
setting this value greater than zero, useless clutter can be eliminated
with a consequent speed up in processing time. Figure 7«"*1 shows the
effect of varying the size of this minimum intensity variable.

FINT is a two dimensional array with, maximum dimensions of
IFMAX x ITMA.X. Because of the slowness of the CSL FORTRAN addressing
algorithms and because time is very critical in SPDISP, most of the
addressing in the inner loops of SPDISP is done in assembly language
using as many shortcuts as possible. The number of entries in FINT
which actually contain data is given by IFREQ for the frequency dimension
and ITIME for the time dimension.

The subroutine begins by loading all of the constants which
will be used by the program and checking the value of the various display
parameters to be sure that they are within acceptable bounds. Note that
the FI array is filled with the floating point representations of the
integers from 0 to 32. This allows the low integer indexes of the
internal loops to be converted to floating point by table lookup instead
of calling the conversion routines. This puts a maximum limit on IDELX
and IDELY of 33. If any parameter limits are exceeded a message will be
typed out and the program will return.

Next the display file is set up by calling the system subroutine
ACTSCOPE. This call causes the display buffer and its pointer to be
recorded in the appropriate system subroutines for future display pur-
poses. Then SPDISP calls HEDBUF which initializes the display constants
which will later be used by ENTER and also loads the initial two entries
in the display buffer, ISCOPE, with the proper control words to begin a

variable intensity TV-type display scan.
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min. inten. = 100 min. inben. = 10

full intensity scale = 255

Figure 7.~.1 Effect of Increasing the Minimum Intensity Threshold on a
Spectrogram of the Word '"shod".
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The interpolation itself basically works by first inter-
polating between frequency slices to determine the intensity value at
each time slice and then interpolating along this new interpolated
frequency line to get interpolated points between time slices. The
interpolating begins from the lower left-hand corner of the display
which represents low frequency and time values.

When this program was first written, this method seemed the
most natural since the CRT display produces pictures in a left-to-right,
bottom-to-top direction. However, since that time it has become evident
that a considerable savings in storage could have been made by turning
the display on its side, i.e. have the frequency displayed on the hori-
zontal axis and time on the vertical. Since the actual display surface
is square and since we are using photographs anyway, it would make no
difference in the final display. In addition it would mean that the
display could be produced as the data was generated rather than having
to wait until all the data was generated before making the display. .
Unfortunately time has not been available for making the rather extensive
changes which would, be necessary in the programs involved.

In order to speed up the interpolation process, the differences
between adjacent frequency entries all along the given frequency slice
are calculated once before going into the actual interpolation process.
These differences are divided by the number of interpolations which must
be made in the Y direction between each frequency slice and are then
stored in the DELTAY array for use in the interpolation of each line
between the two frequency slices. The dimension of DELTAY must there-
fore be great enough to handle the maximum number of time slices which

might occur. Currently this array is UOO words long and is stored at
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the end of the ISCOPE array. IT ITIME is eyer set greater than ”QQ. an
error comment will he given on the typewriter and the subroutine will
return.

IT the intensity of each interpolated point is determined to
be greater than the selected minimum intensity which will be displayed,
it is compared with the intensity of the last point which was entered
into the display buffer. If the difference is greater than 1, the new
point is entered into the display buffer by calling the subroutine ENTER.
When the last data point has been interpolated, an intensity entry of 1
is produced so that the remaining part of the display has a uniform
intensity. (A background intensity of 1 has been found to give more
consistant contrast results in photographs than a zero intensity level.)
Finally, a unit intensity entry is made with an X position of 0. This
insures that the scan will complete the old line and begin the next line
with a unit intensity background.

At the end of each line, a check is made to see how full the
display buffer is. If it is not within less than 200 locations of the
end of the buffer and if the program has not interpolated the last line
of data, a new line will be started. |If the buffer is within 200 loca-
tions of being full, or if the interpolation has been completed, the
buffer will be photographed. In order to do this if the buffer has its
last word only half full, the remaining half must be filled with all |I’s.
This code in effect keeps the CRT from interpreting the garbage in the
last half of the word as a new X position. Then SPDISP takes a picture
of the display, prints out the current line number, reinitializes the
display buffer, and continues on to the next line. |If the data has been

exhausted, the subroutine returns.



136

fSL FORTRAN 0~ SEPT 178, DATE 8/12//1
SUBROUTINE SPC ISP W I T
THIb SEERGI TIN& TAKFS AN IFRRfO 9Y ITIME ARRAY UOF INIFcNbITIfcS

ANC CONVERTS IT TO A CONTINUOUS IMAGE CRT DISPLAY BY INTERPULA 1INU
RETwFRN IRE POINTS IN 2 DIMENSIONS. THE SUBROUTINE TAKES A PICTURE
OF THIS CISFLAY, IRF CORRECT IFREU AND TTIMF VALUES MISI BE ENTERED
INTO THE DIMENSION STATEMENT FOR FINT(IFrEQ»ITI ME>* BELT AY (i "IME)»
AND POINT <ITiKt*| GPLy) BEFORE THE PROGRAM 1S COMPILED.

BPTNX s INTENSITY OF NEXI1 BASIC TIME POSITION ON CURREN!
fheoufnoy line being processed.

BPTPv s INTENc ITY OF PREVIOUS BASIC TIMF PuSiTION On CURHtM
FREOUFNCY LINE BEING PROCESSED.

o EL1Axt INTENSITY [INCREMENT EETWEEN 2 SPECIFIC TIME
positions on A GIVEN FREQUENCY 1l.ine.

DELTAYs INTENSITV INCREMENTS BETWEEN FrpCUENUY SLICES. USED
IN INTERPOLATING ACROSS THE FREcIEnCY S1 ICE.
CNE ENTRY FOR EACH TIME POSITION.

FJ , FLOATING POINT ARRAY USED To HOL.C CONSTANTS FROM
1*0 Tr THE MAXIMUM [INDEX of FI» IE. FI(1)=1. IHIS
ALLOWS LOW INTEGERS TO BE CONVERTED 10 FLOATING POINT
BY TABLF LOOKUP INSTEAD CF CALLING FLOATF.

FIN * COMMON VARIABLE USED TO TRANSMIT THE [INTENSITY
CF THC DISPLAY POINT TO THE ENTFR SUBROUTINE.

FINI > TWO DIMENSIONAL [INPUT INTENSITY ARRAY,
| a INDEX REGISTER 1«
IDEr * SPACING BETWEEN DISPLAY POINTS CN CRI.

1DFLX «QNUMBER OF DISPLAY POINTS BETWEEN EACH TIME SAMPLE.
IDE1Y «NUMBER OF DISPLAY POINTS BETWEEN EaCH FREQ. POSITION.
IFRtC  *NUMBER OF FREQUENCY POSITIONS IN DISPLAY.
IFMAX  *COMMON VARIABLE - MAXIMUM NUMBER CF ENTRIES ALUNU
FREOUFNCY DIMENSION CF FINT . USED TO CAUCULAIt
DOUBLY SUBSCRIPTED ADDRESSES IN FINT,
IPTR s PUINTFR TC NEXT UNUSED CELL IN DISPLAY BUFFER» ¢SCOPE.
ISCCFEs EoFPEp USED BY aCTSCCPE TO CCNTalIN INFORMATION rOK
ThE display.
ITIME s NUMBER OF TIME SLICES IN DISPLAY.
IX * COMMON VARIABLE USED TO TRANSMIT X POSITION OF
TRE DISPI AY POIN1 TO THE ENTER SUBROUTINE.
iXMAp s POSITION CF LEFT HAND MARGIN OF DATA RELAY IVt U
X s n POSITION ON DISPLAY.
J 3 INDEX REGISTER 2e
K * INDEX REGISTER 3 T , drv
REND i MAXIMiIM VALUE OF ThE F rECUEnCY |INTERPOLATION [INDEX.
(MAY NCT BE GREATER THAN MAy IMum SIZE OF FI ARRAY.)
LINE 3 CURRENT LINE NUMBER BEING PRCDUCED BY DISPLAY
GENERATION PORTIUN OF PROGRAM.
L « INDEX REGISTER 4
LEND s MAXIMim VALLE OF THE TIME INTERPOLATION [INDEX.
(MAY MCT BE GREATER THAN MAy IMIM SiZt OF FI ARKaY.)
M 3 INDEX REGISTER 5.
N t INDEX REGISTER 6.
OVFL 3 COMMON VARIABLE USED TO KEEP TRaCK OF THE NUM-
BER OF INTENSITY POINTS EXCEEDING 256.

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOC’OCOOOOO
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POUT s BNEISIFITY OF POINT CURRENTLY BbtNG [INTERPOLATED

C
o ALCNG A GIVEN FREQUENCY LINF BETWEEN THE INTENSITIES
C AT THF TWC BASIC TIME POINTS ON THAT FREQUENCY LINE.
(C: PTLST s INTENSITY OF LAST POINT ENTFRED INTO DISPLAY BUFFER,
8 SUBROUTINES NEEDED s DISPLAY ROUTINES# ENTER, HEOBUF.
TITLE*
DIMENSION DELTAY(4P0>. F1(32)
ECUVALENCE (DELTAv (1)» A(46(13))
LATA (MASK=7?77777700000000B)
c DATA (COYM=0000000C77777777B)
8 SET LP CONSTANTS USED BY PROGRAM.
10 DELX = ICELX
00U03 dely I ilely
00005 iend = IFfibc - 1
00007 kend S ICELY - 1
00011 lend = ICELX - 1
00013 c OVFI T 0.0
Cc CHECK T>E VALLES OF THE SYSTEM VARIABLES Tu SEE IF iHbY
C ARE WITHIN THE CONSTRAINTS SET BY SPDISP. IF NOT# TYPE A
(C: MESSAGE AND FETLRN SO THE OPERATOR CAN MoDIFy THEIR VALUtS.
00015 IF ((IXMAR+IT IME)*TCELX*IDEL " 40%*5) 30» ?20» 20
00022 20 WRITE OUTPUT TAPE 15, gl
00025 21 FORMAT (6H IXRAR)
00025 GO TO 40
00026 30 IF (IFREG*ICELY*IDFL - 4095) 33* 33. 3l
00032 31 WRITE OUTPUT TAPP 1gf 32
00035 32 FORMAT (6H IFREC)
00035 GO TO 40
00036 33 IF (ITIMb - 400) 36» 36» 34

00041 34 WRITE OUIPUT TAPE™*|S. 35
00044 35 FORMAT (6H ITIME)

00044 GO TO 40
00045 36 IF (KEND - 32) 37» 37. 38
00090 37 IF (LEND - 32) 45 » 45 » 38

00053 39 WRITE OUTPUT TAPE 19. 39
00056 39 FORMAT (6H INDEX)
00056 40 WRITF OUTPUT TAFE j5, 41

00061 41 FORMAT (IH+7>#13HIcTOC LARGE.)
00061 GO TO 600
00062 45 CONTINUE
—-ILLAR
: LOAD IFMAX UTO INSTRUCTIONS USED IN CALCULATING HINT INDEXth.
LD A ifrax
SAU LCCI

SAL LCC2
--FORTRAN
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C
C CALE."LATE VALLES FCR THE INTERGER*TO~F10aTING POINT CONVERSION ARRAY.
C
00064 DO 9, 1=0, It
00070 c v FECD = 1
C INITIALIZE THE DISPLAY FILE AND THE DISPLAY » ILE CONSTANTS.
C THE 71ROTH DISPLAY LINE IS NOT USED, SO THE INITIAL DISPLAY
C LINE wiLL START AT Y s 1*IDEL
C
00U73 IPTR = U
00074 CALL ACTbCOPE( ISCOFE. IPTR, -1)
00100 CALL HEDEIF (1.0,0#IDEL »1SCOPE)
00105 c HPTRW =0.0
C BEGIN [INTERPOLATION, TAKING ONE FREQUENCY AT A TIME.
C = FREQUENCE POSITION INDEX. DISPLAY FILE IS BUILT UP ONE
C HORIZONTAL LINE AT a TIME WHILE INTERPOLATION IS GOING ON.
C THE 500 LOOP FROCESSES ONE FREQUENCY SLICE AT A TIME.
C
00106 c °0 500, 1=1, IEND
C calcllate y intensity increments for new frequency
C SLICE. - = TEMPORARY time SLICE INDEX.
C
00112 Ms 1
00113 DO 1U0, w»1, ITIME
00120 NsMe1
iLLAR
DA 6 FINT DELTAY(D)«(FInT(N)-PINY(M))/DE1Y
FSB 4 FINT
FDv dely
STA ¢, deltay
LOCI INI 5 «* increment m by [IFmAX.
--FORTRAN

00124 100 CONT INUE

USING THESE Y INTENSITY INCREMENTS, INTERPOLATE A-
CRCSS THE FRECUENCY SLICE TO OBTAIN THE INTENSITY VALUES
tor the basic time foints at the particular frequency
VALUE line being displayed, these POINTS are calculated
ONE AT a time BEGINNING AT TIME SLICE 1. TIwE SLICE O IS
ASSUMED rc EE o INTENSITY. X DIRECTION INTERPOLATION BEGINS
FROM TIME SLICE O TC TIME SLICE \t ««FREQUENCY INTERPOLATION
INDEX. w « TIME SLICE POSITION [INDEX.

DO 400 , K«0O, KEND

BPTPV IS SET TO ZERO TO INITIALIZE THE [INTENSITY JINTEH-
POLATION FOR THE NFN FREQUENCY VALUE LINE.

00131 BPTPV = 0.0

00125

OO0 000000000000
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139

CSL FORTRAN OF SEPT 1568, PATE 8/12/71
M =1

C
8 THE 300 LCOF PRODUCES CNE LINE FOR THE DISPLAY.
c DO 300» -=1, ITIME
C CALCULATE THE NEXT BASIC TIME SLICE INTENSITY VALUE» BPiINX,
EZ: INTERPOLATING ACROSS THE FREQUENCY DIRECTION.
— ILLAH
LCA 4 Fl BPTNXsFI(K)*DELTAY(w) ¢ FINT(M)
FMJ @ del tay
FAD FINr
STA eftnx
: NCW INTERPFLATE RETWEfcN THIS POINT ANC THt PRbVIOUS BASIC
TIME SLICE [INTENSITY VALUE» BPTPV. L = TIME SLICE INTERPuIATIUn
. INDEX. MKfc A NEW Entry in IscOpe each time the newly in-er-
. PPLATbC INTENSITY VALUE IS GREATER than THE MINIMUM JNTENSIIY
- A" LOWED » fintm, frovided that it differs frcm the previous
- ENTRY IN ISCCPE 6Y more than 1 Intensity imi ,
: CALCILATE THE INTENSITY INCREMENT To BE USED IN IHE
i TIME SLICE INTERPOI ATICN.
FSB bftpv DELTAX1(BPTNX-BPTFV)/DtLX
FCV dEIx
LOC? STA celtax
INI 5 n* M =M e IFMAX
ENI 4 COE DO 200 » L=0» 1END
LCA lend
SAU XX200
" AJP V. Xx210 IF LEND IS NEfi» SKIP LOOP
g BEGINNING CF THE interpolation LOOP.
START BSS 0
LCA 4 FIl F IN=F 1<L)*DELtAX+PPTPV
FMU celtax
fad BFTPV
sta FIN
FSB F INTM IF(FIn-F INTM) 13U »14U»140
AwP 2 XX140
* IF 1HE CURRENT INTENSITY VALUE IS BELOW KINTM, CHECK TU
* SEE IF THE PREVIOUS INTENSITY VALLE WAS 1-O» IE. THE BACKGROUND
* VALUE. IF NCT» INSERT AN ENTRY OF THIS VALUE IN THE DISPLAY
* BUFFER IN ORCER TO CROP THE INTENSITY VAI LE TC THE BACKGROUND
* LEVEL.
XX130 LEA PTLST IF(PTLST-1.0) 135 »200 »135
FSB «20014000000000008B

AJP p X>200
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00153
00156
00160

CSL FORTRAN OF SEPT 1*68, TATE 8/12/71

SLJ 0 XX135

XX140 LDA FIN DIF « FIN e PTLST
FSB ftist
ANP 0 XxX200 IF(DIF) 142,200*141
AJP 2 XX142
AJP 2 XX141
DELTax BSS IE
* IF TEE INTENSITY increment since thp last eniry
+ THAN 1-0 MAKE A NEW ENTRY.
¢+
XX141 FSB =20014000000000008
Aop 2  X*150 IF(DIF-1.0) 200"00U,15U
SLJ 0 Xx*200 i
XX142 fad =20U14Q00000000U0B
AwP 3 XX150 IF(DIF*1.0> 150,200,200
SLJ 0 XX200
XX1¢5 LDA «<0014000000000008
STA FIN FIN *1.0
XXIe0 ENA 2 OE IX = ((J-1*1XMAR)*10ELX & L)*1DEL
INA 777768
ADD ixmar
ML 1 IC6LX
INA A OE
ML I ICEL
STA IX
* en | OE NO OPERATION
RTJ enter CALL ENTER
XX2U0 ISK 4 *x add. field is loaded with
SLJ 0 START
(—:—FORTRAN
FINALLY LOAD the PREVIOUS BASIC time slice [INTENSITY
VALU5 VARIAELE# RPTPV. WITH THE CURRENT TIME SLICE [INTENSITY
ANC THEN REPEAT THE LOOP.
210 bPTPV = EFTM
30U CONTINUE

--I1LLAR

AT ThE End OF THE DATA GENERATE A ONE INTENSITY
¢ntry SO that the remaining part of the line WILL CONTAIN a
uniform background intensity.

IX (n IME ¢ IXMAR) IDELX* IDEL
FIN 1,0
CALL ENTER

TEST FCF END CF DISPLAY GROUP BY SEEING IF IHTR IS
WITHTN 200 LOCATIONS OF THE END OF ISCOPF, OR IF K*KEND AND
IsIEND (IE. THE ENT OF THE DISPLAY HAS BEEN REACHED). IF
NOT DONE. THEN CONTINUE.

OF LEND
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LLA IFTR IF (IPTR-4400 ) 315 »320 »320
1NA 6?317"9 INCREMENT A RPG. BY -4400
AwWP 2 X>32U
XX315 Ena OE IF(K-kEND) 390%317*317
SLB k End
AwP 1 XX39%o
XX317 ENA 1 x IF (I-1END ) 390 *320 *320
SLB IEnD
AwP 1 X>390

--FURTRAN
r

C AT ife End of A DISPLAY GROUF, INSERT A ZERO EM
C SCAN TO finish the LINE,
C
00165 32U IX 50
00166 MN = @.0
00167 CALL ENTER
;—ILLAR
* IF TKE END CF THE display group has peen heached® fill
rM the jJast buffer word, if necessary, with all ones#
* n SPLAY the euff ER, AND TAKE a PICTURF OF IT.
LCA XCcD IF (QOLD> 325* 340 * 325
A_P u X>340
AwP U XX340
XX325 LDQ mack MASK = 777777770U0Q0U0UB
LCA CCmm COMM s 000000007777777/B
LIL 4 IFTR LOAD INDEX RED. 4 WITH IP1K
ADL 4 1SCOFE ADD LOGICAL, 16. ISCQPfc(IPTR) =
STA 4  ISCUPE A REG .OR. (MASK _AND, ISCOPE(IPiR))
--FORTRAN
00173 IPTR = IKTR 4 i
00174 340 IF (CENSE SWITCH 2) 341* 343
00177 341 PRIN! 342 <ISCOPE <T). 1=0, IPTR)
00212 342 FORMAT (¢X* 5(016»4X))
00212 343 CALL PHOTC<1)
00213 c CALL STOPSCCF
C FINALLY Frini Olt THE IPTR POSITICN IN IsCOPF.
C
00214 LINE = (1-1)~ IDELY ¢ K ¢ 1
00220 PRINT 310, LINE, IfTR
00225 C310 FORMAT (Q2OH At THE ENP OF LINE ,14#1X,7HTFTR = ,1&,1H.)
8 recalculate initial constants 1in display bui-fer and continue
00225 ITvP = (LINE 4 1)*ICEL
00230 CALL HEDBIF(1,0*0*JTMP,1SCOPE)
00235 GO TP 400

IF 1PE End OF THE DISPLAY Buffer has nut BEEN RtACHED» CON
TINUE BY MAKING AN ENTRY WITH X=o0 And AN intensity OK 1. THIS

OO0
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C LETS THE CRT SCAN KNOW THAT SUCCEEDING POSITIONS REFER TO
C THE NEXT LINE. IT ALSO STARTS THE NEW NE CFP WITH AN N-
C tensity cf Je
)

00236 390 IX =0

00237 FIN = 1.0

00240 CALL ENTER

00241 400 continue

00242 500 CONTINUE

00243 PRINT 505, CVFL

00247 505 FORMAT <8R "OVFL » , F10.0)
00247 600 RETURN

00250 END
--FORTRAN



7.5 ENTER

This subroutine is used by SPDISP to generate the buffer which
controls the CRT display. It is one of the exceptions to the rule about
not having parameters in the common area since it is called iIn a very
tight loop in SPDISP and is used very often. Thus in order to save time
the parameter values are saved in COMMON storage so that the tedious address
loading operations are not necessary every time ENTER is called. This
cuts down the number of operations both in the call itself and in the
prologue of the subroutine.

In order to understand the operation of ENTER, it is necessary
first to describe in a general way how the CRT display operates in the
variable intensity, TV scan mode. From an initial position and intensity
(which is generated by the subroutine HEDBUF) the display beam will scan
to the right (increasing x addresses). The data in the display buffer is
broken up into two 2”-bit entries per U8-bit CDC I6ol+ word. Each entry
specifies an x position in the 12 high order bits and an intensity in the
12 low order bits. The display continually compares its current x position
as it scans with the x position in the next display buffer entry. When it
makes a match, it changes the intensity to the value in the current
display buffer entry and continues, using the next entry for comparison
purposes.

Thus the purpose of ENTER is to generate an entry for the display
buffer given an x position, IX, and an intensity value, FIN. The sub-
routine is only called for x positions where SPDISP has determined that
a change in intensity will be necessary. This is determined by comparing
the interpolated intensity values at each x position with the last value
entered into the display buffer (PTLST) and only calling ENTER when the

difference is 1.0 or greater.



When the subroutine is called, it first checks the value of
FIN to see if it is greater than 255.0 (the maximum intensity which can
be produced by the display). IT it is, then ENTER will use an intensity
of 255 provided that the previous entry was not also 255. If it was in fact
255, the subroutine returns. For each value over 255» the ENTER subroutine
increments the common variable OVFL. by 1.0. This variable is used by
SPDISP to keep track of the number of points which have been truncated.

IT an entry is added to the display, its floating point value
is converted to fixed point and PTLST is updated to reflect the new
intensity value. Then a combination of shifts and masked transfers are
performed to produce a 2Wbit display buffer entry in the A register.

At this point it is necessary to know into which half of the

current display word to load the entry. For this purpose the variable

I0DD is used. IT it is 0, the current entry is loaded into the left half
of the current buffer entry. |If it is 1, it is loaded into the right
half. In the latter case the pointer to the current word, IPTR, 1is in-

cremented. In either case the value of I0DD is changed to its alternate

value
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SUBROUTINE ENTER

THIS MIXED FORTRAN«-1LLAR SUBROUTINE GENERATES A SINGLE
ENTRY TO THE SCAN MCDE DISPLAY FILE, BUF . AND UPDATES THE
DISPLAY FILE CONSTANTS. IF THE INTENSITY IS GREAIEW THAN
255, IT IS PRINTED CUT AND THEN TRUNCATED TO 255 BEFORE BEING
ENTERED In TIRE FILE. after GENERATING, IN TpE RIGHT HALF
OF THE A REGISTER# A 24 BIT ENTRY CONSISTING OF A 12 BM X
POSITION CN THE LEFT AND AN 8 BIT INTENSITY RIGHT JUSTItIED
ON THE RIGHT# THE SLBROUTINE CHECKS THE ICDD PARAMETER 10
DETERMINE WHERE TO STORE THE ENTRY. IF iCDDaQ, THE ENTRY Ib
LOADED INTO The LEFT HALF OF BUF(IPTR). if 10DD*1# THE
ENTRY IS loaded INTO THE RIGHT HALF OF BuFdpTR). WHILE PRE-
SERVING THE CONTENTS OF THE LEFT HALF OF THAT WORD, AND IPTK
IS INCREMENTED BY 1. IN BOTH CASES THE VALUE OF 10&D IS RE-
VERSED.

FIN * INTENSITY CF NEW ENTRY IN DISP, BUFF.IFIT. PT.>*

PTLST INTENSITY CF PREVIOUS ENTRY IN DISPLAY 8UFFSR.

INT  » INTENSITY CF NEW ENTRY IN DISPLAY BUFF . (FIX8D).

IODD a O IF LEFT HALF OF CURRENT BUFF. WORD IS TO CONTAIN
new entry. *i if right half cf clrrfnt buffer word
is K contain entry.

IPTR a CURRENT word in BUF to be loaded with a new entry.

ISCOPEa ELFFER Isec to hold scan node display bufner. each
KCRC in ISCCPE CONTAINS TKO 24-BIT DISPLAY ¢NFfRIES.

IX * X POSITION CF NEW ENTRY IN DISP. BUFF.(FIXEU).

MASK1 a MASK USED TC LOAD RIGHT-mCST 12 RITS OF THE A RbG.
kith the Intensity value cf the current entry.

MASK2 s MASK USED TC LOAD LEFT-MOST 24 BITS ff THic A REG.
KITH THE LFFT HALF OF BUF(IPTR) WHEN I1CDDS1*

TITLE*

CONVERT CURRENT INTENSITY TO FIXED POINT AND URDATfc KLIN.
IF FIN IS GREATER THAN g55<THE MAXIMUM A] LOWED INTENSITY),
TRUNCATE "THE FIXED POINT INTENSITY VALUE TO 255. THEN MAKE AN
ENTRY ONLY IF THE FREVIOUS ENTRY HAS NOT 255.

OO0 0000000000000 OO0NNN0O0ONOOOOOONOO

IF (FIN - 255,) 70. . 60
00005 60 INT a 255
00006 OVFI * OVFL + 1
00011 IF (PTLST - 255,) 80 200. 200
00014 70 INT = FIN
00015 80 PTLST a FIN
--ILLAR
LCA IX LOAD 12 BIT X FOSITION VALUE;
ALS 12 SHIFT X VALUE TO POSITIONS 24 THRU 12.
ldq HASKI
ADL IiNT MASK OFF ALL BIT LOW OKD*R 12 BITS OF

INTENSITY ANMIC ADD IT TG SHIFTED X VALIE
TO GET A 24 BIT X VALUB- INTENS 1TY PAIR.
UL 1 FTR LOAD IR1 FCR [JE IN ACCESSING 6UMIPTR),
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RIGHT

LEFT

MASKI
MASK?2

ouT

--FORTRAN
RETURN

00022
"«FORTRAN

200

END

LDQ
QJP
LOG
ACL
STA
RAO
R90
SLJ
ALS
STA
RAO
SLJ
oCT
oCT

IM

PCDD IF IODE m O

LIFT LOAC PAIR INTO LIFT HALF OF WORD.
'\‘lggong ADD LEFT HALF OF JSCOPEIIPTR» TO A REG,
(scope RESTORE 2 ENTRIES IN A RIGe TO ISCOPE(ipRT)
iptr increment IPTR BY 1.

KDD DECREMENT 10DD by 1. IE. SET IT TO O,
OLT UNCONDITIONAL JUMp TO OUT.

24 SHIFT ENTRY TO LEFT HALF OF A RElir

I1SCOPi STORE ENTRY IN LEFT HALF OF ISCORE(IPTR),
KDD INCREMENT IODD BY 1# H. SET IT TO 1.
OLT UNCONDITIONAL uUHP TO OUT.
0000000000001777

7777777700000000

0 NO OPERATION.



7.6 HEDBUF (FI. IXX,1Y,BUF)

This subroutine is used to produce the "heading"™ for a display
buffer containing commands to the CRT for a variable intensity TV-type
scan display. The subroutine has as parameters, the initial intensity,
F1, the initial x position, IX, the initial y position, 1Y, and the
buffer to be used by the CRT, BUF. These data items are then arranged
in the order as shown in figure 7.6.1.

This subroutine work is extremely simple and consists mainly
of shifting and masking in data to generate the first word of the buffer.
The zeroth word is simply loaded with all 1’s. This is essentially
a command to the CRT which lets it know that a mode change command will
be coming next.

Once the zeroth and first words have been loaded, HEDBUF sets
IPIR = 2 and I0DD = O to indicate to the ENTRY subroutine that the next
entry is to be loaded in the left half of the 2nd word in the display
buffer. PTLST, the last intensity loaded into the buffer, is set to the
initial intensity specified in the mode change command word. Then the

routine returns.



111 zeroth word
48 494 33 2423 rn 0
1000 ? A > Y. ist. word

where lo « initial intensity
A * step size between display points
*9 » Enitial X position

vyo = initial X position

Figure 7.6.1 Format for the first 2 words of the display buffer when used
in the variable intensity scanning mode
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CSL FORTRAN of sept 1968, CATE 6/28/71
SUBROUTINE PEDEIF(FI, IXX, iy, BUF)

0000000000000 O0OCTO0OOOO0OOO0O0OO0OCSOO0O00

-ILLAR

THIS SUBROUTINE GENERATES THE ZEROTH ANC FIRST WORDS IN
THE CRT CISFLAY BUFFER WHICH CONTAIN THE NECESSARY COMMANDS TO
START A SCAN MODE riSPUAY. THE INITIAL INTENSITY# AND THE
INITIAL X ANC Y POSITIONS# IX AND 1Y# ARF GIVEN AS PARAMETERS.
THE SUBROUTINE LOADS THE ZEROTH wCRD CF RUF WITH ALL ONES# WHICH
PREPARES THE CRT DISPLAY TO ACCEPT A MODE CONTROL WORD. THEN
IT USES HASHING AND SHIFTING TO CONSTRUCT IN THE A REGISTER# THE
PROPER MCCE CONTROL WORD AND INITIAL SCAN POSITION, TH"IS IS THEN
STORED IN THE FIRST ENTRY IN BUF. THE SUBROLTINE ALSO INITIALIZES
PTLST# 1CCD# ANC IFTR.

BUF « CISFLAY BUFFER
FI a INITIAL INTENSITY OF SCAN(FLOATING PCINT>.
IDEL a SFACING BETWEEN POINTS IN DISPLAY.
INT m INITIAL INTENSITY OF SCAN(FIXED PC INT)e
I0ODD > INDICATOR FOR THE ENTER SUBROLTINE.
a 0 IF LEFT HALF OF CURRENT BUFFER WORD IS TO CONTAIN
NEW ENTRY#
a 1 IF RIGHT HALF OF CURRENT BUFFER WORD 1S TO CONTAIN
NEW ENTRY,
IPTR  »CURRENT WORD IN BUFFER TO BE LOADED WITH ANEW ENTRY
IXX aINITIAL X POSITION OF SCAN.
Y aINITIAL Y FCSITION OF SCAN.
MASKI =MSH USED TC LOAD THE 8 BIT INITIAL INTENSITY INTOTHE A
REGISTER,
MASK? a HA%HSUSED TC LOAD 12 BIT DATA FIELDS INTO THE A
REGISTER .
PTLST a INTENSITY OF THE LAST PREVIOUS POINT TO BE ENTERED
INTO THE DISPLAY BUFFER.

TITLE*
DATAI ICONO=777777777777777 78)

DATAI 1CONI =00 000000 000040006 )
DATA(MASH1a0C00000000000377B)

DATA(MASH2=0CUDO000000U7777B)
DIMENSION BUF(100U0)

INT = F

BUF(@©) * ICONO

LCA ICON1 LOAD COCE FCR SCAN MODE DISH . IN LOW ORDER
12 BITS CF A REGISTER.

LCQ MASKI _

acl INT MASK IN initial INTENSIIY in LOW URDER 8 Bli

ALS 12 SHIFT scan mode code and INTEN, left 12 FITS

LCQ MASK?2

ACL ICEL mask UIN IDEL IN LOW ORDER 12 BITS OF A REG,

ALS 12

ACL IXX mask IN initial X POSITION

ALS 12

ACL P mask IN initial Y FOSITION

STA temp



00013
00016
00020
00021
00022
00023

CiL FORTRAN OF 8«PT 1*68»
«*FORTRAN

100

«FORTRAN

Bur<i>

PTLST

10DD

IPTR

RETURN
END

|
S
|
|

tehf
FI

0

2

BATE

6/88/71
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7.7 DISPLAY

DISPLAY is a general purpose oscilloscope output routine for
alphanumeric and/or graph plotting. It is a CSL ILLAR system program
which was written by Donald Lee and Charles Arnold. Graphing features
include automatic normalization of data points; automatic axis, hash,
or grid plotting; point, line segment, or connected line modes; special
matrix plotting; polar coordinates and features allowing multiple graphs.

The use of the DISPLAY subroutine has been directly incorporated
into the CSL FORTRAN system by adding several new statements to the FORTRAN
compiler to facilitate its use. For alphanumeric plotting, DISPLAY is
controlled by a FORTRAN FORMAT statement and follows the conventions of the
FORTRAN FORMAT. To control graphing options and modes, the FORMAT statement
is also used in an extended form. The FORMAT statment number, the address
of the buffer into which the display buffer is to be packed (which is an array
in the user®s program), the maximum length of the buffer, and the buffer
pointer are transmitted to DISPLAY by the following statement:

DISPLAY 100 (BUFFER,BUFLING, IPOINT)
where 100 is the format statement number, BUFFER is the name of the array
in the user®"s program into which the display buffer is packed, BUFLING is
the maximum length of the buffer (usually an integer constant), and IPOINT
is the name of an integer variable which is updated by DISPLAY and is
equal to the length of the buffer. IPOINT is not to be changed by the
user; however, it may be referenced to obtain the buffer length.

In order to transmit data which may be needed by the FORMAT
statement (e.g. origin coordinates, maximum and minimum coordinate values,
etc.) this statement can be written as:

DISPLAY 100 (BUFFER, BUFLING, IPOINT)/LIST
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where LIST may be any conventional FORTRAN list format. Also signed
and unsigned constants are recognized.

To transmit data to the display once the subroutine has been
set up by one of the above statements, the following statement can be
used:

DISPLAY/LIST
where LIST is again defined as above. |In this case LIST will contain
the data needed to specify the successive display points. This state-
ment may be repeated several times or it may be part of a DO loop
generating display data.

IT the user wishes to change formats in the construction of
a single display buffer, the following statement is used:

DISPLAY 100
or DISPLAY 100/LIST
where 100 is the format statement number. All graph options are reset to
standard values by this statement. This statement may be necessary if
more than one graph is being displayed at once or if the graphing mode
is switched. Note that the buffer array, buffer length and buffer pointer
need not and must not be used if the format is changed in the construction
of a single buffer. This information is_transmitted if an entirely new
graph is desired.

Once the complete set of display data has been generated, the
CRT can be initiated by the statement:

DISPLAY

In addition to controlling the input of alphanumeric information,
the FORMAT statement (as it is specially extended in CSL FORTRAN) may be
used to specify display options, and the placement, size, and intensity of

alphanumeric information.
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A graph mode display option must ‘be given if a graph is
desired, hut all other options may be omitted if the standard parameters
are desired. The display options are introduced by the character (buB)
in the FORMAT statement. For example:

100 FORMAT (7HEXAMPLE*GRAPHMODE ,AXES)

indicates that there is an alphanumeric heading "EXAMPLE™ and that the
graphing mode is GRAFMODE and that axes are desired. All data points
received by DISPLAY -will be interpreted according to the GRAFMODE mode,
unless the format is changed. Thus the number of points in the graph
need not be specified.

Alphanumeric statements and display options may be mixed where
necessary. The e#* character indicates that the interpretation is
switched, for example:

100 FORMAT (*YORG*7HEXAMPLE*GRAFMODE).

The initial indicates that the following information, up to the next
* is display option information. The second indicates a switch to
alphanumeric format, and the third switches back to display options.

(YORG controls the Y direction orientation of alphanumeric information.)
A restriction on the use of switching the format interpretation is that
no switch may be made after the graph mode is set. In other words, the
graph mode must be given in the last set of display options. Display
options may be given in any order. However, those options requiring a
parameter to be supplied must be in the same order as the parameter
information, similar to the standard FORTRAN format.

In the CSL display system there axe a variety of graph options
available. For the purposes of this report, however, only the most commonly
used (in the Speech Display system, at least) will be described. These

include: GRAFMODE, LINEMODE, CLINEMOD, and CHARMODE.
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In the GRAFMODE option, the data entries are interpreted as
alternate X and Y entries. The values may be either floating point or
integer entries, as specified by the format statement. The entries are
normalized, converted into scope coordinate a and packed into a buffer.

The coordinates are displayed as points.

LINEMODE 1is the line segment mode. Data is entered in four
element groups: XI, YI, X2, Y2. This group defines a single vector on the
scope. Data may be either floating point or integer, as specified in
the FORMAT statement. The entries are normalized, converted into scope
coordinates, and packed into the buffer. CLINEMOD is the continuous line
mode and is the same as LINEMODE except that data is entered in two
element groups each group defining a line with the previous group as its
origin.

In the CHARMODE option, each data entry is treated as a BCD
word. The program must insert its own carriage return characters (32b).
The options XORG, YORG, SIZE, XS, S, M, and L can be used to specify
the characters” placement and size.

In addition to the graph mode options, a variety of options are
provided by DISPLAY to control intensity, letter size, portion of scope
face containing graph, automatic axis, hash mark and grid plotting, values
to be treated as maxima and minima, interpretation of data coordinates,
"integer or floating point mode, and others. No option need be given unless
it varies from the standard parameters. Some of the most commonly used

options which do not require the user to supply parameter information are:
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| Specifies that data is treated as integers. If not set,

floating point is assumed.

AXES Axes will be drawn through the point specified by X0
and YO. If X0 and YO are not given, the point is

assumed to be (0,0). An axis or hash mark that would

be off the screen is discarded.

HASH Hash marks will be drawn on the axes. It is not necessary
to specify AXES with HASH; the axes will automatically be
plotted. To locate where the marks are plotted, n is

. ™
calculated such that 10 < maxvalue-minvalue <10
n 1
Marks are then plotted at units of SETXHASH X 10
(or SETYHASH). If SETXHASH or SETYHASH is not given,

the value is assumed to be 1. This results iIn from 11 to

100 hash marks on each axis.

POLAR Indicates that data is to be treated as polar coordinates

(r, theta). Data must be floating point. Cannot be used

in the increment modes.

TRUNCATE When XMAX, MIN, YMAX, or YMIN are specified (see below)
data entries falling outside the specified range are set

to the given maximum or minimum.

11,12,13,11* Scope intensity level, initialized to 11. The intensity
setting will control all intensities up to the next in-
tensity setting. For example,
100 FORMAT C*IU*7HEXAMPLE#13 ,AXES ,12 ,HASH ,11,GRAFMODE)
will cause the alphabetic information to be displayed at the
highfest® intensity, iH, the axis at 13, the hashmarks at 12,

and the graph at I1I.
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Extra small, small, medium, large. Sets size of letters
initialized to M. The following example shows how two
letter sizes can be specified in one format statement:
100 FORMAT (*5HSMALL/*L*5HLARGE)

Note that the letter size must précéde the alphanumeric
information that it is to govern. Once set, the letter
size remains so unless another letter size option is

encountered, or a new format is set.

The following options require the user to supply parameter

information in a parameter list.

XMAX

YMAX ,XMIN,YMIN

X0.T0

SETXHASH, SETYHASH

Used to specify the first value of the maximum X value.
IT a data item is found that is larger than this value,
the larger data item is used as the new maximum X value,
unless TRUNCATE is set, in which case the larger value

is ignored.

Used like XMAX.

Specifies the origin of the AXES. Initialized to (0,0).
The parameter data is integer or floating point as

specified in the FORMAT statement.

Specifies the unit used in plotting hashmarks. See HASH
Parameter data is integer or floating point as specified

in the FORMAT statement.



SETXMAX,SETXMIN
SETYMAX,SETYMIN

XORG, YORG

LENGTH
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Sets the boundaries on the scope face on to "which
the graph will be drawn. [Initial values are
7777b,0,7777b,0. The parameter must be actual scope
coordinates. These options are useful for plotting
graphs side by side or separating a graph from

alphabetic information.

Scope coordinates of the first letter of alphanumeric
data. [Initialized to 0,7777b. XORG or YORG must
precede the alphanumeric format that it is to govern
in the format statement. For instance,

100 FORMAT (*XORG, YORG*7HEXAMPLE)

The number of characters per line, initialized to 60.
The following table gives maximum line length

corresponding to each letter size:

XS - 133
S - 96
M - 6k

L - 32
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T.8 ACTSCOPE(BUFFER, LENGTH, MODE)

This subroutine activates the display buffer, BUFFER, of
length, LENGTH. 1f MODE is positive, the buffer will be treated as
a circular buffer and will be displayed continuously. IT it is negative,
it will be displayed once.

ACTSCOPE 1is used by the DISPLAY subroutine and can also be used
by any other programs which construct their own display buffers from
scratch (e.g. SPDISP).

When using ACTSCOPE to produce a continuous display, all
system routine output to the printer will automatically turn the scope
off before printing and turn it back on after printing a single line.

This 1s necessary since the printer and CRT are on the same output

channel.
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7.9 STOPSCQP

This subroutine is used to halt the operation of the CRT.
It must be used whenever a new graph is to be constructed in a buffer
which is currently being used by the CRT, or in any case where the
buffer may be written upon. Otherwise all hell will break loose since
the display will continue to interpret whatever is in the buffer as
display commands.

The subroutine itself is extremely simple since its main
component is a single machine instruction which inactivates the CRT

output channel.
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7.10 PHOTO(N)

This subroutine is used to take a photograph of the current
buffer being displayed by an ACTSCOPE call or of the last such buffer
to be displayed if the display is currently off. The subroutine opens
the camera shutter and exposes the display N times before closing it

again.



7.11 WHATNOW
WHATNOW is an entry point to the DISPLAY subroutine which
allows the operator to modify the display on line, photograph it, exit
to the main system, or simply to look at the display before continuing
in the program. When it is entered for the very first time, it produces
the following comment on the typewriter:
type p,c,a,d,r,s,af,rf, or period.
*
At this time the operator may type one of these options and a carriage
return and the respective operations as described below will be performed.
Alternatively, the operator can type:
noret
and a carriage return. This will eliminate the need for carriage returns
in all future use of the WHATNOW subroutine. Note that this option is only
valid on the very first use of WHATNOW when the message is printed out.
No matter what option is chosen on this first call, successive calls will
not print the message.
The actions resulting from the various WHATNOW options are
as fTollows:
exit to the main system.
c continue to the next statement in the user®s program after
the call to WHATNOW.
p take a picture of the scope display. The scope camera must
be on and ready.
a add a line of heading to the scope display. WHATNOW will type:
xorg =

The user then types a four digit number less than ~096, which
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will become the x coordinate of the lower left corner of the
first word to be displayed.

WHATNOW will then type:

yorg =

and the user supplies the y coordinate of the lower left
corner of the first word to be displayed. Again, a four
digit number if required. WHATNOW will then type
Xs,s,m,l-size =

to determine the letter size, extra small, small, medium

or large. Simply type one of the letters. WHATNOW will

now type a minus sign indicating it is ready for the line

of heading. A full line consists of 120 xs, 96 s, 6k m,

or 32 1 sized letters. IT a typing mistake is made, a space
followed by a carriage return will delete the whole line and
it may be retyped. Otherwise the line will appear on the
screenafter making a carriage return.” This line may be
replaced or deleted by other directives. After the line is
displayed, an asterisk will be typed and WHATNOW will await

a new directive.

This directive works just as ’a" does, except the line typed
is used to replace the last line added to the display with an
’a® directive.

This works just as ’a* does except that XORG and YORG are given
as unnormalized data coordinates. |If the data is floating point,
the number is read in E8.2 format. |If the data is integer, an

110 format is used.
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This works just as tr" except that XORG and YORG are
specified as in "af".
The last line added by a directive is deleted,

All lines added by directives are deleted.

1&
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Section 8

SPEECH PROCESSING ROUTINES

The Speech Processing Routines are a collection of sub-
routines used by the Speech Display routines to produce the various types
of displays. They are usually somewhat general in nature and in many
cases are used by several different speech displays. The idea is that

they should be a type of universal speech processing building block.
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8.1 ZCRPIC (BUF, ZERO, NUM, PBUF, FINDX, LIMIT, REM)

This subroutine finds the positions at which the data in
the input buffer, BUF, crosses the zero level defined by ZERO. It scans
the iInput data beginqing with BUF(0). wzen it finds a zero crossing it

m\__. .. - -- -
calculates the interpolated distance (in time) from the last previous
crossing and converts this to an equivalent frequency (in cps.) which is
stored in the array PBUF, beginning with location 0. It also stores the
position of the crossing in time (secs.) with respect to the beginning
of the buffer, BUF, in the corresponding entry of the floating point
array FINDX. After NUM intervals from BUF have been processed, the
subroutine loads LIMIT with the number of zero crossings which have
been detected and returns. Note that at this time REM will contain the
distance (in time) from the last zero crossing to the end of the buffer,
BUF.

The actual detection of the zero crossings is performed by
calculating the distance of each point above the zero level and then
taking the products of the pairs of endpoints for each interval. A zero
crossing occurs whenever the signs of the pair are different and this
will result in a product sign of When it is determined that an
interval contains a zero crossing, the actual interpolated crossing point
is calculated using the equation derived from the calculations in figure
8.1.1.

A special situation occurs in the case of a point lying on
the zero level line. |In this case, the point will cause the two adjacent
pairs to produce products of zero. The program has been written so that
the initial pair will be considered to have a zero crossing at its second

end point, but the second pair (and all subsequent pairs, if several
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Figure 8.1.1 Finding the Interpolated Position

of a Zero Crossing Point
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zero points occur together) -will be ignored. This implies two constraints
1. Maxima or minima points occurring on the zero level
line will be considered to be one zero crossing
when in fact the signal did not really cross the
line.
2. If the signal remains on the zero level for several
successive points only one zero crossing will be
counted.
Although these constraints are not the only possible ones, they are just

as reasonable as any alternatives.
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CSL FORTRAN OF SEPT 1568, CATE 9/9/71

O00000O0OOO0O0O00O0O0

10

O 00

240

O00000O0O 000000 O00O0

250

O0O0O0

SUBROUTINE ZCRFIC(BUF, 7ERO, NUM, PEUF, FInDX, LIMIT, REM)

THIS SUEROUTInE IS USED TO EXTRACT THE ZERO CROSSING
POINTS IN THE INPUT BUFFER, BUF, USING THE ZERO LEVEL DE-
FINED BY THE INPUT PARAMETER, ZERO. IT SCANS THE INPUT DATA
BEGINNING WITH THE ZERCTH POSITION IN BUF, AnC CALCULATES
THE [INTERPOLATED DISTANCE FROM THE LAST ZERO CROSSING, THE
EQUIVALENT INSTANTANEOUS FREQUENCY FROM THE PREVIOUS CROSSING
TO THE PRESENT CROSSING IS STORED IN FBUF , WHILE THE FLOATING
POINT POSITION CF THE CROSSING (IN NO, OF SAMPLES), WITH RESPECT
TO THE TIME *0F THE INITIAL POINT IN BUF IS STCRED IN HNDX.
PBLF AND FINCX ARE LOADED BEGINNING WITH LOCATION O, AFTER
NUM INTERVALS HAVE BEEN PROCESSED, THE SUBROUTINE LOADS
LIMIT WITH THE NtMpER CF ZERO CROSSINGS DETECTED AND RETURNS.

TITLE*

DIMENSION BUF(), FBUF(i), FINDX(D)
J « 0

FIR = BUF(0) " ZEPC

PROCESS NSAMT [INTERVALS IN BLFF LOOKING FOR ZERO CROSSINGS,

DO 299, 1=1, NUM
SEC = BUF(I) - ZERr

CHECK THE SIGN OF THE PRODUCT OF FIr AND SEC TO SEE IF
THE SIGNAL CFCSSED THE 7ERO LEVEL DURING THE CURRENT INTERVAL,

IF <FIR*SEC) 250, 240, 275

IF THE FRODUCT OF THE ENDPOINTS IS 7ERO, ONE OF [IHEM MUST
BE ZERO. COUNT IT AS A ZERO CROSSING INTERVAU ONLY IT FIR IS
NOT ZERO. THIS ENSURES THAT A POINT TOUCHING THE ZERO LEVEL
WILL ONLY BE COLNTPD AS ONE ZERO CROSSING.

IF (FIR) 250, 275, 250

IF THE FRODUCT OF THE ENDPOINTS IS -, TPE SIGNAL MUST HAVE
CROSSED THE 2ERC LFVEL. THEREFORE CALCULATE THE DISTANCE O»- THfc
CROSSING FOINT FROM THE INITIAL ENDPOINT AND ADD THIS DISTANCE
TO REM BEFORE CALCILATING THE FRECUENCY EQUIVALENT TO THE LENGTH
OF TIME BETWEEN THIS CROSSING AND THE LAST PREVIOUS CROSSING.

RESIDUE * AESF(SEC*DTIME/(FIR-SEC) >
PBUF(J) s REN * (CTIME - RESIDUE)
FINDX(J) * 1| - RESIEUE/DTIME
PBUF(J) = ,5/PBLF(w)

REM = RESIDLE

SET THE VALUE CF REM EQUAL TC THE DISTANCE (H THE ZERO CROS-
SING FROH THE FINAI ENDPOINT OF THE INTERVAL.

J=Je1
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CSU FORTRAN OF SEPT 1968, CATE 9/9/71

00045 c GO TO 290
C IF THE PRODUCT OF FIR AND SEC IS o, THERE IS NO ZERO CROSSING
C between the endpoints, therefore increment rem by the lengih
C OF ONE SAMPLING period.
C
00046 275 REM = REM & CTIME
00047 290 FIR = SEC

00051 2N9 continue

00052 LIMIT * v
00053 RETURN
00054 END

-FORTRAN
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8.2 TZCRP

This, program tests out the. ZECPIC subroutine. It is used
in conjunction with the TESTP program which gets the actual data and loads
it into BUFF. Then TZCRP uses ZECPIC to process the data and prints out
the results on the printer. It also displays the data on the CRT using
cursor lines to indicate the zero crossing points.

The exact details concerning the use of TZCRP are given in
the comment at the beginning of the source program. Figure 8.2.1 shows

an example of its operation on a section of data.
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Data with zero crossings picked by ZECPIC

Figure 8.2.1 Effect of ZECPIC on a Section of Speech Data
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CSL FORTRAN OF SEPT 1«68, CATE 9/9/71

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C
00004 10
00 005
00006
00023

C
00024
00041

C

C

C
00045 100
00060
00063

C

C

g
00075
00111
00112 500
00112 501
00112

--fortran

PROGRAM TZCRP

THIS PROGRAM TESTS THE ZCRPIC SUBROUTINE. IN ORDER TO LOAD
THIS PROGRAM, TYPE OUT,

EXITCALL, PROGRAM tape, TESTP, TZCRP

THE SYSTEM WILL TYPE TAPE 5, IF THE COMPLETE LIBRARY IS NOT ON
THE PROGRAM TAPE, IN THIS CASE, TYPE ASPACE PROVIDED THE REST OF
THE LIBRARY IS INDEED ON TAPE UNIT 5.

ONCE THE PROGRAMS ARE LOADED, TYPE TESTP AND THEN USE THE
MAIN PROGRAH TO SELECT A PORTION <CF THE DATA TAPE TO BERUN,  THEN
EXIT FROH THE MAIN PROGRAM BY TYPING . NEXT TYPETZCRP TO BEGIN
THE TEST. T r

THE TEST CONSISTS OF DISPLAYING THE DATA WHICH WILL BE PRO-
CESSED, PROCESSING IT, PRINTING OCT THE OUTPUT ARRAYS AND THEN
DISPLAYING THE ORIGINAL DATA WITH CURSORS MARKING EACH DETECTED
ZERO CROSSING,

TITLE*
DIMENSION PBIF(1000), FINDX(1000)
EQUIVALENCE (PBLF(4), A<7003>>* “(FINDX(1), A(90Q3>>

BUFF CONTAINS THE DATA TO BE PROCESSED, WHILt NSAMT INDICATES
HOW MANY POINTS ARF TO BE PROCESSED.

CALL ADJLS20NSAHT, «1>

X8 - 0*0

FTMP = NSAMT

CALL DISSY(XE,BIFF(ISAMPB),NSAMT, ISCOPI1*4000 ,FTMP*1024., 0>
CALL WHATNOW

AFTER DISPLAYING THE DATA, PROCESS IT By CALLING ZCRPICT

CALL ZCRFICCECFFCISAMPB),512.#NSAHT,PBUF.FINCX(1),LIM,REM)
FINDX(0) m LIM

PRINT OLT THE CUTPUT ARRAYS.

PRINT 500, ("FBUF(I), 1«0. LIM)
PRINT 501
PRINT 500 , (FINCX(1)=1«0# LIM)

DISFLAY THE ZERO CROSSINGS ON THE CRT.

CALL DISSY(FINDX.BIFF(ISAMPB) ,NSAHT, ISCOPI.4000,FTMP,1024./U)
CALL WHATNOW
FORMAT (2X»10(F9.2,1X>>
format (///)
END
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8.3 ORDER (PBUF, INDX, NUM, 1ISW1, 1ISW2)

This subroutine sorts the data in the input buffers PBUF
and INDX. It is used primarily by FORMEX to sort formant candidates for
processing, in which case PBUF contains floating point peak values and
INDX contains the corresponding integer index positions of these peaks.
The two buffers are always sorted together, i.e. the moving operations
are performed on both corresponding entries in the two buffers. 1Swi
determines which buffer will be used in determining the new order and
ISW2 determines whether it will be sorted high-to-low or low-to-high.
NUM indicates the number of entries in PBUF and INDX which are to be

sorted.
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0000000000000

--FORTRAN

SRE&HES

100

SUBROUTINE CRDER<PBUF. INOX, NUM, ISWi, ISw2>

THIS SUBROUTINE SORTS THE DATA IN THE INPUT BUKFERb, P~ F
AND INDX* PEUF IS USUAULY AN ARRAY OF FLOATING AVPLIT UDES,
WHILE INC* IS AN ARRAY OF FIXED POINT INDEXES. THE SORTING *S
DONE ON EITHER POUF OR INDX ACCORDING TO THE STATE 8F I”“WI, WITH
THE CORRESPONDING ENTRIES OF THE LNCHCSEn ARRAY BEING SORTED SO
THAT THEY MAINTAIN THEIR POSITIONS WITH RESPECT TO THE SORTED
ARRAY.  ISW2 DETERMINES WHETHER ThE SORT WILL ARRANGE THE DATA
FROM HIGH TO LOW OR LOW TO HICH,

ISvi a0 IF PBLFIS TO BE SORTED,
*1 IF INDXIS TO BE SORTED,
ISW2 sO IF SORT IS HIGW-TO-LOW.
al IF SORTIS LOW-TO-HIGH.

DIMENSION PELF(i), INDX(D

DO 100. lal#<NUN - 1)

DO 100, -*<I ¢ 1)» NUM

IF (ISwD) 100. 40, 30

IF <INDX(1) - INDX(w) > 50, 100i 45
IF (PBUF(I) * PBUF(w) ) 50, 100: 45
IF <Isw2> 100, 100» 55

IF <ISW2> 100, 55, 100

T™MP = PBLF(V)
PBLF(J) 2 PBIF(I)
PBUF(I) = TWF
ITMP = IN"CX(W)
INDX(J) s INCX(1)
INDX(1) 3 ITNP
continue

return
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8.1+ PITPIC (BUF, ZERO, NUMP, PBUF1, INDX3, LIMIT)

The algorithm for this routine is based on a pitch extract-
ing device developed at Northeastern University by L. 0. Dolansky [1955s
1965, 1966 I It utilizes a filter having a fast rise time and a slow
fall time. A block diagram of the process is given in figure 8.1+.1.

The process begins by half-wave rectifying the speech input.
The rectified signal is then used as the input to the filter which will
follow the rapid initial "attack™ of a pitch period and then slowly drop
during the rest of the period. Figure Q.h.2 shows the filter output
which results in this example. By applying a peak picking algorithm to
the fTilter output, the initial starting time of the pitch period can be
detected to within a few samples (there is a slight delay due to the
filtering process, but this delay is virtually a constant).

Unfortunately there is a small problem which can occur if
the secondary peaks of a pitch period are relatively large (as is quite
often the case). IT this happens, there may be several peaks in the
filter output at the beginning of each pitch period as shown in figure
8.~.3. Dolansky"s analog device removed this problem to a certain
degree by critically adjusting the rise and fall times so that the
secondary peaks would not affect the output. However, this is a tricky
task and was not entirely effective. By making use of the digital
computer®s versatility, it was possible to eliminate these additional
peaks in the present program simply by calculating the pitch period
which would have resulted from using it as a primary peak. In the case
of any unreasonable pitch frequency, the second peak could be eliminated

with confidence.
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Figure Q.k.l Block Diagram for PITPIC



Figure Q.k.2 Peak Picking Filter Output

Figure Q.b.3 Peak Picking Filter Output
in the Case of Large Secondary Peaks
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CSL FORTRAN OF SEPT 1568, HATE 6/28/71
SUBROUTINE FITFICCBUF, ZERO, NUMP, FBUF1, INDX3* LIMIT)

THIS SUBROUTINE IS USED TO EXTRACT THE PITCH PIAK
POSITIONS IN THE INPUT BUFFER BUF, IT SCANS THE INPUT
data beginning WITH ENTRY o# AND finds the approximate

000000 OOOOOOOOOOOONOOD 0000000000 OOOOOONO0 OO0

POSITION
POSITION

CF THE INITIAL PEAK IN EACH PITCH PERIOD. THE
IS APPROXJMATE(IT MAY BE OFF BY CNE ORTWO

INDEX POINTS), BECAUSE A FILTERING TECHN TCUE  ISUSED
WHICH PRODUCES A SHORT DELAY IN THE RESPoNCE OF THE SUB*

ROUTINE.

FOR EACH PITCH PEAK DISCOVERED, THE EQUIVALENT IN-
STANTANECUS FITCH FREQUENCY FROM THE PREVIOUS PITCH

peak to the current peak is stored 1in the corresponding

entry in

p&uf while the index POSITION of the curreé&t

peak is STORED in tndx, pbuf and Indx Are both loaded
beginning with o .

AFTER PROCESSING NUM DATA POINTS, THE SUBROUTINE
LOADS THE NUMBER OF PITCH PEAKS FCUND INTO LIMIT AND

RETURNS.

BF
BR
BUF
EAF
EAR

ENVLP
F1

FQM AX

DO XY I DOV

IBEG
IEND
IFILT

INDX3

INVL
LIMs

nHw wilww

FALL TIME CONSTANT CALCULATED AND USED BY FILTERING PROGRAM,
RISE TIME CONSTANT CALCULATED AND USED BY FILTERING PROGRAM.
FARAMETER, INPUT DATA BUFFER,

Fall time constant calculated and used BY FILTERING PROGRAM
RISE TIME CONSTANT CALCULATED AND USED BY FILTERING PROGRAM.
SUBROUTINE. FILTERING PROGRAM.

INSTANTANEOUS PITCH FREQUENCY PRODUCED BY TWOSUCCESSIVE  PEAKS.
MAXIMUM ALLOWABLE PITCH FREQUENCY. IF TWO SUCCESSIVEPEAKS
afe found which produce a higher pitch frequency, one of

them must ee eliminated.

LOCATION IN BUF OF INITIAL PITCH PEAK.

LOCATION In RUF OF FINAL FITCH PEAK.

SUBROUT INE. INITIALIZATION ENTRY POINT FUR FILIERING PROG,
FARAMETER, OUTPUT DATA BLFFER - CONTAINS LFICAT ION OF INITIAL
POINT OF EACH PITCH PERIOD,

NUMBER CF INTERVALS BETWEEN PITCH PEAKS IN BUF.

INDEX WITHIN INDXs ARRAY CF THE I1.AST PEAK FFIUND IN THE

OUTFIT CF THE FILTERING PROGRAM. (ONE LESS THAN THE ACTUAL
NUMBER CF PEAKS FOUND), .

LIMIT a FARAMETERIQCLTPUT) .

NUM »

NUMP_ =
PBIFI

SAMF

Y
ZERO 3

3
PFREQ 3
a

MMBER CF TATA POINTS IN BUF - SET EQUAL TO NUMP FON INCREASED
&FFICENCY CF OPERATION.

FARAMETER.  NUMBER OF DATA POINTS IN BUF.

PARAMETER. OUTPUT DATA BUFFER - CONTAINS  INSTANTANEOUS

FITOR FREQLENCY FOR EACH FITCH PERIOD.

AVERAGE PITCH FREQUENCY OVER BUF.

COMM>CN VARIABLE.  SAMPLING FREQUENCY IN FLOATING POINT.

PARAMETER, ZERO LEVEL OF DATA - TO BE USED BY RECTIF.

DIMENSION BIF(I), pFiUFKI), INDX3 (1)

title™

NUM a NUMF
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CSL FORTRAN OF SEFT 1?68, CATE 6/28/71

C
C
-
00003
00014
00015
00023
00034
00042
00054
o 0066
o 0066
00066

LSOOOOOO S

00071

00073
00077
00107

00112

00113

SO0OS

00114
00115
00122

00124
00125
00126
00130
00131
00132
00136
00140
00143
00144
00145
00155
00165
00165
00177
00200

00201
-—fortran

21

30
42

55

75

78
v

20

initialize Fllter constants.

CALL IFILT(#1* NUN. 20,, BR, EAR, BF, EAF, V)
FTMP = NUN

CALL RECT IF(EOF, ZERO* NUM, PBUFI)

CALL ENVUF(PELFI, NLM, PBUFI. BR,” EAR, BF, EaF, Y)
CALL PEAF IC (FsUF1, NUM, PBUFI, INCXs, L IM3>

PRINT 30» (PEIFIU), 1=0, LIM3)

PRINT 31* (INCXs (I'), 1=0» L IM3)

FORMAT <2X,1C(F9.2.1Y))

FORMAT c2X.1C(19,I1X))

IBEG = INCX3(l>

NEXT TRY TC El IMINATE FALSE FEaKS DUE TC SECUNFIARY PEAKS.
ASSUME TEAT THE PEAK AT INDX3<1> IS IN FACT A VALID PEAK.
THEN PROCEED BY CAICUI.ATING THE EFFECTIVE PITCH FREQUENCY BE-
TWEEN each remaining peak and its nearest neighbor earlier in
TIME. F ANY PITCH FREQUENCY THUS CALCUIATEC IS 10C HIGH, E-
LIMINATE THE ASSOCIATED PEAK.

FQVAX = 500,

DO 50, J=2» L IM3

F1 a SAMF/ (INDX3(J)-INCY3(J-i))
IF (FQMAX - FiI) 45, 45, 50
PBUF1(J) = 0,0

CONTINUE

NOW ELIMINATE ALL ZERO-VALUE PEAKS, [INCLUDING THE KERO
VALUE PEAK L"GaDED INTO ENTRY O OF PBUFI RY THE PEAPJC SUB-
ROUTINE ,

KsoO

DO 60» J=0» L IM3

IF PBUFl(J%? 5«, 60, 55

PBUFI(K) s FELFi (J)

INDXs 1 * INEX3 ()

K=K+ 1

continue

L IMs K -1

IEND INCX3 (L IM3)

INNL = LIM3 - 1

IF (INVL) 75, T«, 78

PFREO = 0.0

GO TO 19

PFREO = FLOATF(ISAMF*INVL)/(1END - IBEG)
PRINT 20» PFPEG, 1IpEG, IEND, UMa3» INVL
FORMAT (2X ,F12»2*7( 110»2X))

PRINT 31» (TNcXs (1), 17o» LIM3)

LIMIT = LIMs

RETURN

END
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8.5 FFTB(NP, N, N2PQWT, T, IFLAG)

This program is the descendant of a fast Fourier transform
program originally written by Gary Horlick at the Coordinated Science
Laboratory. It is a version of the original Cooley-Tukey algorithm which
has been much discussed in the literature (see for example, Cooley and
Tukey[1965], Gentleman and Sande[1966], Cochran, et al.[1967], or Brigham
and Morrow[1967]). Since the purpose of the present program has generally
been to analyze real data, FFTB has a provision for using the process
described in Cooley[1966] which allows the program to analyze twice as
much real data with the same time and storage requirements.

The subroutine utilizes two COMMON arrays, X and Y, as the
real and imaginary components, respectively, of the intermediate processing
array and also as the final output. The parameter N specifies the number
of complex coefficients which will be used in X and Y in the calculation.
This number controls the number of output frequency samples and the
spacing between them, and must be a power of two.

The IFLAG parameter indicates which of the input options is

being used. IT IFLAG = 0, the data is assumed to be purely real with NP
data samples stored in T. In this case NP cannot be more than 2 times N.
IT it is, the additional samples in T are ignored. |In this option the odd

samples are loaded into the real processing array X and the even samples
are loaded into the imaginary processing array Y. |If T contains less than
2N points, the unfilled points iIn X and Y are loaded with zeros. Then
normal processing is performed as if X and Y contained N complex input
samples.

At the end of the processing, in order to get the coefficients

for the real data, as opposed to the artificial data which was constructed
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in the X and Y arrays, another transformation must he performed. The
derivation for this transformation and its FORTRAN implementation are
given in Appendix A.

If IFLAG = 1, the data is assumed to he complex and already
in the X and Y processing arrays. In this case there is no loading from
T and no reconversion afterwards. This option is used when it is desired
to perform a transform on complex data and at a later time perform the
inverse (perhaps after some modification of Uu. coefficients) transform.
An inverse FFT can he performed hy dividing the magnitude of the complex
coefficients hy N and reversing the sign of the imaginary components
before calling FFTB.

The FFTB subroutine calculates the complex coefficients hy
means of two separate loops. The TFfirst consists of the radix U passes
while the second consists of a radix 2 pass (if the number of points is
not evenly divisible hy U). In each loop note that the sine and cosine
values are determined for each iteration hy means of the trigonometric
identities for the sum of two angles (the previous angle plus the itera-
tion increment). This is much faster than calling the sine and/or cosine
routine on each iteration. A further speedup is achieved by using the
simplified forms of the loop equations on the first iteration when the
cosine terms are +1 and the sine terms are O.

In calculating the output coefficients, the Cooley-Tukey
algorithm scrambles the order of the coefficients. Therefore the next
step after the calculation of the complex coefficients is to unscramble
them on the basis of a binary sort. The limits for the various sorting
loops are calculated on the basis of the number of output coefficients which
were calculated. The FFTB subroutine contains 13 loops which allows for

output data fields containing up to 213 coefficients. If less than this
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number are used, the outermost loops will only be performed once. Note
that the fact that JI, J2, J3, and (the first four loop indices in
the sorting section) are index registers is of no significance in this
part of the loop and occurs only because these same variables were pre-

viously used in the radix H calculation of the complex coefficients.



183

CM". FORTRAN @& SE~T 1968» TATE fl1/12/71
SURRCUTIME FFTB(NF, N, N2ROWT, T, IFLAG)

THIS SL-EROITInE CALCULATfcS THE CCMPIEX FCURItR COEFFI CRIMTS
FOR *"HP INPLT ARRAY, T. IT UStS ARRAYS X ANC Y AS PROCESSING
ARRAYS ANL LEAVES THE RESULTS IN these arrays WHEN DONE. Thb
ZEROTH COMPLEX COEFFITENT(CORRESPOND ING TC yhE DC COMPONENT) IS
STCRuUD IN X@ ) AND Y(1), THE FIRST FUNDAMENTAL FREQUENCY Cufdl -
FICE*viT, IN X<2) ANT Y(2), ETC. THE PROGRAM RETURNS THE UOEF -
FICENTS Ac REAL (x) ANC IMAGINARY (Y) COmFONPNTS.

THE HETFCD USED IS A VARIENT OF THE COOl EY-TUKEY FAST
fuirtrr transform uhich uses both radix four and radix two
calculations.

ol = COSINE FUNCTION USED FOR COMRLEy MULTIPLICATIONS IN THE
RADIX 4 LOOP AND IN THE FINAL STEP rCK RECONSTRUCTi#uN
cf the foirirr coefficents.

C2 =COSINE OF TWICE THE ARGUMENT OF CI.

C3 =COSINE OF THREE TIMES THt ARGUMENT pF CI.

Fiia rFI?#F1 3#F14 = IMAGINARY COMPONENTS Ur INTERMEDIATE VARI-
ABLES LSEr IN THE RADIX 4 AND RAC IX 2 CALCULATIONS
AND ALSO IN THE FINAL STEP FOR RECONSTRUCTING THE
foleier coefficents.

FRI ,rR2»FP3»FR4 = REAL COMPONENTS CORRESPOND ING TO Fli, ETC.

IPASC =ITERATION VARIABLE FOR RADIX 4 1COP.

I1SOL DC 1 ITEFATION VARIABLE USED WITHIN RADIX 4 LOOP TO OBTAIN
SUBSETS OF 4 COMPLEX VARIABLES EACH, WHICH ARE THEN
PROCESSED TO OBTAIN THE N&XT I1IrATIpN VALUES FOR THESE
SAME CCMP! ex VAR IABLES.

J1,32,33*w4 * NAME? FOR [INDEX REGISTERS 3#4,5#AND 6 RESPECT IVELY ,
THESE VARTARIES ARE USED To ALLOW THE COMPILER TO USE
INCEXET [INSTRUCTIONS WHEN ACCESSING DATA IN THE RADIX
4 AND RADIX 2 LOOPS INSTEAD CF GCING THRU THE LABORI-
OUS PROCESS OF CALCULATING AN ADDRESS AND THEN USING
INDIRECT ADDRESSING.

LENGTH s

n * number of complex coefficents(must pe a power cf 2)-

NP = NUMBER OF data POINTS IN T TC BP ANALYZED(MUST NOT
ee greater than 2%*n. if SO, the adcitignal samples
WILL BE IGNORED).

nxtlth

N2PO;! = LOG TC THE BASF 2 OF N.

N4Pou s N2PCW/2. 1E. THE NUMBER CF TIMER 4 IS A FACTOR OF N.

51 2 SINE OF Samp ARGUMENT as CI.

52 = SINE OF TulCF THE ARGUMENT OF Ci.

53 = sine of three times the argument of ci.

i = ARR*Y CONTAINING INPUT SAMPLES.

X 2 REAL COMPONENTS OF COMPLEX PROCESSING ARRAY (FOR MAX.

efficency should be an ARRAY internal TO FFTB OR IN
COMMON ARFA ).

Y 2 IMAGINARY COMPONENTS of COMPLEX PROCESSING ARRAY(FOR
MAXIMUM EFFICENCY SHOULD BE INTFRNAI TO FFTB CR IN
COMMON AREA).

ICI ,uSl = COSINE AND SINE, RESPECTIVELY, OF thE ANGLE INCREMENT

00000200 C2O00000TOOOOCO0OCO000N0N0C20200000000ND0OOOO0O0O0
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ORTRAN Of SEPT 1968, rATP 8/12/71

AOWN P

IN the LOFF USED IN THE RECONSTriCrTCN OF THE FOUR 1ER

COEFF ICENTP . THEY ARE USED TO CALCULATE A NfcH SINfc
AND COSINF FOR EACH ITERATION WTTHOl.1 HAVING TC CALL
COSF ANI) |CIMF EACH TIME.

1ITLE*
DIMENSION T(1),LL<13)

InIS ECUVALEnCE STATEMENT is USED RY the BINARY SORT LuOR

ERGP*MNC at STATEMENT 90 AND ENDING CN STATEMENT 600 . IT

pnaribs 1IbE scRt parameters to be referenced as an array when
bfcIN'T CALCULATED By THE 99 LOOP INSTEAD OF HAVING TO BE CALCU-
LATED [INCIVICLALLY.

EUUIVALFNCE (L13.LLT 1)).(L12,LL( 2)>.(LI1I,LL( 3)).
(L10»LL ¢ 4)).(L9» LL< 5>>_(L8, LL( 6)).
<L/# LLC 7)).(L6» LL< 8)),(L5» CL( 9)).
(LA, LL@O>)»(L3» LL(n)),(L2# LL(g2>>»
(LI. LL(3>)

THIS STATEMENT CAUSES THE VARIABLES wl, «2, J3. AND J4
TO pH ASSIGNED TO tndfx registers.

INDEX JI1(0)» .2(4), .3(5). J4(6)

IF IFLaG = n. THE DATA IS ALL REAL AND IS IN T. THERE-
fore, load tee cdd points of the input array, t,
INTO THE REAL CCMPTNFNTS OF THE PROCESSING ARRAY AND THE EvfcU
POINTS INTO THE [IMAGINARY COMPONENTS CF THE PROCESSING ARRAY.
THIS ALLOWS TEE ANALYSIS OF ¢N REAL POINTS USING ONLY N COM-
PLEX STORAGE LOCATTCNS. IF THE NLMBER OF VAI ID DATA SAMPLES
iIS 0SS ipan ¢(w, the processing array fntries corresponding 10

THE UNUSED SAMPLES ARE [INITIALLY SET TO 76RO.

N2POH = N2PCRT

IF (IFLAG) As , in, 45
JINp r (NP/2) 4 1

CO 20 J=JTNF. N

X@@) =10.0
YG) =0.U
CONTINUE

JIMP = (NP ¢ 1)/2
DU 30 U=l. wTIMF
X)) = T@*w - 1)
CONT InyE

JTKP s NP/2

DO 40 0=1. vTMF
YQ) s TQR*w>
CONTINUE

CHECK TC SEE IF THE NUMBER OF POINTS TO BE ANALYZED
HAS ANY MULTIPLES TF 4.
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00176
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0014}

00143
00146
00147

0015}
0016 3
00165
00161
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0016 4
0017}
00176
00*00
00202
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r,.SL hiRTRaN nf StFl 1965, raTt

HhoO o

m~o

AS O S om

COO0O0 =

«2

r4

M hPow - 2**NtFcn
NsPOD = @?FOk/?
IF ( A1 TL, P7.

IFF A, Ilcr consists -l the RADIX 4 PASSPSt 1f any.

tiu bo iRAS" =1, N4ROw
NX7ITR = 2**(N2ECK - ?*1FASS)
LEBUTH r 4nML Ih

SCal F - 6-2831623/F1 (AtFtiength)

Ucl = <(SF ISCALE)
0S7 = <L MF (SCALE>
cl =2.0
31 = 1.9

re 79 =8, NXTL Th
ul 61 SiLul -LINFTh, KNTHFOwf LENOTH

FIRS CALTULETR (ArRvhs TO hF USEC FOR this iieraiion.

Wil = I>PiUc * LF\erH + .
U* - J- * nXxTI1Th
-3 = J- + aXTLTh
Moo= j? * IXTL th

*PXT CALcLLATE tmf RRAL and iRlaginary COhPONFNTS DF (HE itM-
RORA"v Var IAtLRS NFROFH IN THE COMPLEX RilILTIPLICAITIONS FUR
IMIS I1TbhaTICN .

Fhi = "(li) + »u2)
Ph? - M j1) - Mo,1)
FR3 = <(lc>+ *(54)
FR4A = a<?> - >(.4)
F11 = "(J) + Y(ji)
FI? = 1) - v(,3)
F15 = «(J2) ® M 04)
FU = "(J?) ~ Y<04 >

ATULLATK ThF ~“RW X AND) Y VAIIES. IF J=1> NO 1E THAT
m m aRr,)=0 ACc coS(APG)=1 AND THUS THE SIRPIIF Ib0 EQUATIONS
CAN M USRD.

X(ul) - Fhl + FR:

Y1) = Pit + Fls

F ( - ) 64* 6?_ ea
ThN1 r FI< - FR4

TRN2 = Fk™ + FJ4

X(@3) - TEN1*51 + TEn**C1
Y(J3) - TEni*C1l - TEn2*Sl1
TEyl r Fii - Fls

TER? - FRi - FRs

XU?) - TEM™*5S + rpN *C?
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00313

00315
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rSL FORTRAN Qf SfcFT 1568, TATE 8/12/71

OO0 OO,

OO0 00

0O0000OOO

ct>

69

Y(J2) = TENi*C2 - TEm?*S2
TEMj.. = FI2 # FR4

TEM2 - FR2 - F14

X(J4) r TEMI4S3 4 TEV2*C3
Y(J4) TEMI4CV  TEN2*S3
G0 TC 61

X(i3) - FR2 4 F14

vy(03) = F12 - FR4

X(3?) = FRI - FR3

Y(32) r PIl - F13

X(J4) = PR2 - F14

Y(J4> = FR4 4 F12
CONTINUE

CALCi-LATE THE SINE AND COSINE FUNCTIONS NEEDED FOR THE NEXT
ITERATION OF THE LCCP.
TCl = Ci o
ci tci*cci - SI*rsi
si SI*1Cl 4 TCI*rSI
C2 =C1*C1 -Si*sl
52 = C1*S1 A4cCi*Sl
C3 =Cl1*C2 -SI*S2
53 =r.22S1 4S52*Cl
CONT lisaE
CONTIN UE

NEXT check to SEE if N4POW WAS TRUNCATED WHEN IT WAS
CALCULATED F-CM N2PCW/2. IF SO, GNE ADDITIONAL RADIX 2
PASS MUST BE PERFORMED.

IF (N2POW - 2*N4PCW) 85» 90», 65

DO 89 J=1, NTHFCW, 2

J =341

R.i = X(J) 4 X<J1)
FRz = X(d) - X(wl)
F11 = YQ) 4 Y<*1>
FI2 =v(@) - YQui)
X(J) = FRi

YQ) eFl
X1 c FRj
Y<Ji) s FI2
CONTINUE

AT TWIS Pc INT WE Have OBTAINED THE FOURIER CCtFFICENFS FOR

THE ORIGINAL CONTESTS OF THE COMPLEX PROCESSING ARRAY. HOMTYfCR,
THEY HAVE sECCME SCRAMBLED DURING THE CAICULATIONS AND MUST
THEREFORE BE SORTED OUT.

SET UP PARAMETERS FOP SORT
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CSL FORTRAN QF SERT 1568, TATE 8/12//1

00345 ou U0 95 i, 13

00351 LLJ) " t

00357? IF (* - N27~Cw) Q5, 95» 99

00355 9b LL (@) - 2** (N2FD* + 1 - w)

00362 55 COM INE
C NU1E E ml11VAIENCE CF ti AND L({14-1
C HInAhY S™"H1
C

00364 1=1

00365 DO 600 01 = 1* ™~

00372 DO 600 J2 = J1» 02» 1iT

00376 DO 600 W3 = J2» L3 . 1~

00402 DO 6nn 04 = J3" L4, 13

00406 DO 6on J5 = M » L5» 14

00411 DuU 600 JA = J5» L6 » 15

00414 DU 600 J7 = Jt» 17, (6

00417 DO 600 j8 - J7» 1E, =7

004?p DO 6U0 J9 = JE» 15, 18

ou425 " 600 o B v »HO. 15

00 430 00 601 JIIMC »LU »1r

00433 DO 601 012U 11 »L12 »L1

00436 c DO 601 v ~wi12 »l 13 »Li 2

00441 IF (1- > blO» 11€, 6

00445 610 FR] r x(n

00446 x(J) = va)d

00447 X(J) = FRI

00450 Fil = v(1)

00451 Y(T) = YQ)

00452 VIJ) = F11

00453  6ijl 1 S Ul

00466 6(@Gnm CONTIN, E
o NCR ®E HAvE 7Re CCFFFiCtMS IN THbIR ERCpEN rhifcR. hURE<ER»
C IF wu mERE FFCCESSTNE PIdE RFAL ijA1A 70 QEG1n RiFH, Rt SA ViU
) TIME AMJ SPACE OV IC API NO ALTERNATE SAMPIES iMO |HE REAL AMJ
C inagenary Parts of tue chmplex prciessing arpay. if ihis is
0 ACTOAH.Y THE CASP, TWEN IN ORDER TU GET tPE rCEFfiCENTS PUR
C TEE +EAL DATA, AS rF°USED TO THE
o ARTIr IOiALLY CONSTPLCTET CUMPLEX LATA wITE w-ICh wE 31ARjbD»
0 T MECESSARY TO FFRFORM ONE LAS! TRA\<?FOh*aTIUN ON THE CU-
c EFF D | MTS.
o

00522 IF <IFi AG) 120» HO, 120

00524 1H® ARG = T.1415*27/ FILATF(N)

00527 Dil = O0OSF (ARO)

00531 DS1 = -S INi- (ARG )

00535 Ci = >.0

00536 SI = ..o

00537 N2 = NI/2

00541 N2E1 = N2 - 1



CSL fortran of SEPT 1568, TATE

00543
00550
00553
00555
00557
00561
00565
00572
00574
00576
00603
00610
00614
00617
00622
00625
00630
00631

00631

-fortran

113

115
120

DO 115 J*2# N2F1

Jl =N ¢ 2 - w

FRI s X(@J) ¢ X, D

F11 a Y(J) - Y<viI>

TCl « CI "

Cl « CI*CCl - $1*D$%$1
SI s TC1*DS1 S1*DCI
FR2 » X)) -

F12 » Y(() ><wl)

FR3 « CI*FR2 - SI*F I?
F13 = CI™F 12 SItFRg
Y(J) = 0.5*<FI11-FR3)
X(J) s o .5*(FF1*FI13)

IF (w - N2FI) 113, 115,
Y(J1) = 0<5*( FI1*FR5>
X)) = o0.5*C FRI-FI3)
CONTINUE

CONTINUE

END

8/12/71
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8.6 IFILT(BUF, NUM, OBUF, BR, EART, BF, EAFT, YI)

This subroutine simulates a digital filter with independently
specifiable rise and fall times. The data from the input buffer, BUF, is
filtered and loaded into the output buffer, OBUF (which may be the same
physical buffer if desired). There are two entry points, IFILT, which sets
up the Tfilter constants and ENVLP, which does the actual filtering. When
IFILT is called, BUF(O) will contain the desired rise time in msec, and
OBUF(O) will contain the desired fall time. [IFILT then calculates the
values of BR, EART, BF and EAFT which are the coefficients for the differ-
ence equations to be used in the case of rising and falling signals, respec-
tively. When ENVLP is called, NUM samples from BUF are filtered and loaded
into OBUF.

The difference equations for the filter were chosen to be of

the following form:

y(nT) = [I - e~aT] x(nT) + e aTy(nT - T)

with the time constant, a, being independently specified for a rising and
a falling signal. The subroutine compares the input value with the last
previous output value and then chooses the '"rising signal™ equation or
the "falling signal™ equation on the basis of this comparison.

Figure 8.6.1 shows the step response of the filter for various

rise and fall time constants.



fall time = 1 ms fall time = 25 ms

full time scale = 50 ms

Figure 8.6.1 Step Response of ENVLP

for Various Rise and Fall Time Constants
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eSL FORTRAN OF SEPT 1568, CATE 6/28/71

00003
00005
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00045

00051
00053
00 054

00055
m-FORTRAN

100
W

200
300

SUBROUTINE IF ILT(EUF,NUM,0OBUF,BR,EART,8F,EaFT,YI)

THIS SUEROUT INE IS A DIGITAL FILTER WHICH 1S USED 10
SMOOTH OUT THE DATA IN THE INPUT BUFFER, BUF, IT CAN Ob
UTILIZED AS AN ENVELOPE TRACER AND CAN BF ADJUSTED TO HAVE
DIFFERENT RISE AND FALL TIMES*

IN CRDEP TC CALCULATE THE FILTER VALUES TO BE USED*
IFI 1T MUST BE CALLED WITH BUF = RISE TIME ANC OBUF ? FALL
time in mlleseconcs of the desired filtfr. then data may
BE PROCESSED BY CALLING ENVLP WITH BUF * INPL.T BUFFiR AND
OBLF = OUTPUT BUFFER.

NOTE. THIS ROUTINE WILL STILL WORK PROPERLY WITH
THE BUF AND CBUF PARAMETERS BOTH INDICATING THE SAMi BUFFER.

AR r RISE TIME CONSTANT

AF = fall time CONSTANT

BF r INPUT SAMPLE COEFFICENT FOR FALLING SIGNAL

BR s INPUT SAMPLE COEFFICENT FORRISING SIGNAL

BUF = INPUT DATA PLFFER

DTIME= CCMMC*N VARIABLE. TIME PERIOD BETWEEN [INPUT BATA SAMPLES
NUM = NUMBER OF POINTS IN BUF

OBUF * OUTPIT DATA BUFFER

Yl = PREVIOUS SAMPLE VALUE.

TITLE*

DIMENSION BUF(l), CEUF<1)
AR 1GQOt/BUF

AF 1000 ,/0BUF

EART 1.0/E>PF(AR*CTIME)
EAFT 1.0/E>PF <AF*CTIME)

BR i - EART
BF 1 - E*FT

A

nHow i

RETURN

ENTRY ENVLP

DO 300, 1*0, <NUM*L)
IF (BUF(I) - YD 50, 100, 100

falling signal

OBLF(1) = BF*BUF< 1) * EAFT*Y1
GO TO 200

RISING SIGNAL
OBUF(1) s BR*BUF(I> ¢ EART*YI
YI s OBUF <I)

continue

RETURN

END
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8.T TENVL

This is a test program for IEILT. It allows the operator
to select various values for the rise and fall times of the filter and
then produces positive and negative steps to test out the program. The
directions for the use of the program are given in the comment at the
beginning of the program listing. Examples of TENVL"s output are given

in figure 8.6.1 in the previous section.
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FORTRAN OF SEPT 1*68, CATE 6/28/71
PROGRAM TENVL

THIS RCITINE IS USED TO TEST THE ENVLP CIGITAL FIL.I-H
SUEROUTINE. it SETS the RISE and Fall TIMES for 1Hi FILTER

1hG

ACCORDING TC NUMBERS TYPED IN ON THE TYPFURItTER AN# THEN TESTS

IT OUT WITH A * AND - STEP INPUT CF MAGNITUDF 1000.
IN CRDEF TC LCAD THIS PROGRAM , TYPE CUT,

EXITCALI. PROGRAM TAPE, TENVL

THE SYSTEM HILL TYFE TARE 5. IP THE CCMPi.ETE LIBRARY IS NOT

ON

THE PROGRAM TAPE. IN THIS CASE TYPE A SPACE PROVIDED THE REST

OF THE 1tlierary IS indeed ON TAPE LNIT 5.

ONCE THE PROGRAM IS LOADED, TYPE TENVL TO START THfc PROGRAM.
THE PROGRAM HILL TypF A + AFTER WHICH THF OPERATOR MUST TYPE,

TENVLsRIse TIME(CIN MSEC,),FALL TIME (IN MSEC.)

THE PROGRAM HILL THEN CONTINUE» PRINT OUT THE RESULTS» AND
PLAY THEM ON THE CRT.

L1S-

by envlp
BY ENVLP
by envlp
BY ENVLP

BF = fall time cceffjcent calculated ry ifilt anb used

BR * RISE TIME OCEFFICENT CALCULATED RYIFILT ANB USED

EAFT = fall time <ccpffjcent calculated ry ifilt anb used

EART a RISETIME CCEFFJCENT CALCULATED RY IFILT ANB USED

Fi * ALPHABETIC PARAMETER read 1In EY [INPTCM. NOT UStD by TENVL

FTMP1 = TEMPORARY VARIABLE USED TC CONVERT Ni TO FLI. Pi.

FTMP2 = TEMPORARY VARIABLE USED TC CONVERT N? TO HLTf. FI.

NI a FIRST NUMERIC PARAMETER READ IN RY UPTCM. RISE TIME IN
MSEC . FcR FILTER (INTEGER).

N2 e SECOND NUMERIC PARAMETER HEAD IN EY INFTCM. Farr TIME IN
MSEC, FCR FILTER (INTEGER),

NV AL a STEF VALUE.

OBLF a cltplt data buffer.

TBUF a INPLT DATA BUFFER.

VAR a INPLT COMMAND READ IN BY INPTCM (6 CHARAC IEd NAME),

Y a LAST PREVICLS OUTPUT VALUE.

title

DIMENSION TELF(igoo)» CBUF(1000)
EQUIVALENCE <TBIF(1>, A<*003 >>, (CBuF(i). A(7 004)>

INITIALIZE variables and CONSTANTS,

CALL INITI
X =10.0

REAL IN AND CHECK THE COMMANL FRCM THE TYPEWRITER.

CALL [INPTCMIVAR, Nj, N2» FI, 19)
IF (VAR - 5HTENVL) 2, b» 2

INITIALIZE THE FILTER ACCORDING TO THE FHEQUENGY RANGE
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eSL FORTRAN OF SEPT 1968, date 6/28/71

C

&

00015
00016
00020
00032

00033
00034

00037

00044
00047

=HOR

00060
00072
00103

QXe

00104
00115
00116

00130

00132
00133
00134
00137
00141
00141
00141

00142
--FORTRAN

TO00 KOO0

5

10
15

8

100
200

GIVEN 9Y THE INPUT PARAMETERS.

FTMPL s Nj

FTMP2 = N2

CALL ™ IFILT(FTMPi ,1000.FTMP2,BR.EART,BF,EaFT,Y>
NVAL  * 100C

Y = 0.0

TBUF(0)» 0,0

DO 15» 131# 1000

TBUF(1) « NVAL

CALL ENVLPCTEUF, 1000# OBUF,BR,EART,BF,EaFT,Y)

PRINT OLT AND DISPLAY INPUT TO FILTER.

PRINT 100# (TBUF(1), I»0» 1000)

CALL DISSYCX»TBUF, 1Q00#ISCOP1#3000»100 0 . -1024 *#0)
CALL WHATNOT

display and print out output from filter.

CALL D ISSYO# OBUF #1000 #1SCOP1 #3000 #1000 . .1024 »#0 >
CALL WHATNOT
PRINT 100# (CBUF(I), I»0# 1000)

IF NVAL IS NON.ZERO, THEN REPEAT PROCESS FOR NBGAT HME STEP
INPUT. OTHERWISE# IF NVAL IS O, RETURN.

IF (NVAL) 200# 200# *0

SET UP THE PARAMETERS FOR A NEGATIVE STEP GOINS FR«M 1UOO
T0 o- THEN REPEAT TME TEST.

NVAL * C

Y m 1000 ,0
TBUF(0)* 1000,0

GO TO 10

FORMAT (2X# 10<F9,2#1X)>
continue

RETURN

END
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BUF, PBUF, YI, Y2, CONST, EAT, XIN)

This program simulates the action of a Uth order Lerner-type hand-

pass filter. The

while the LERNFIL entry point does the actual processing of data.

setup phase, I1AP and

the processing phase
1AP

to he processed while

YI, Y2, CONST, EAT, and XIN are

information which characterizes

As originally described

IBP specify the frequency hounds of the filter.
IBP specifies the number of points

is not

INILER entry point sets up the various constants needed

In the
In

in BUF which are

PBUF

used. is the output buffer, while

variables and constants used to store the
a particular filter.

by Learner[196U], the continuous Lerner

filter is defined by the system function™":
m B. x (sta)
Y(8) = £ @ ——-———
i=l (s+ta) + b©
where:
| B. = (-11+1 i=2, ..., m-1
_ (-Dm+1
Bm 2

The primary advantage of this type of filter is its flat pass

band transmission combined with a linear phase change over most of the

pass band. In addition (and what is more iImportant in the present case)

it is easily implemented on a computer since each term iIn the system

function is quite similar. |In particular, following Rader and Gold[19671,

wThe notation used follows Rader and Gold[1967]. As
it does not agree with Learner’s original notation.

is to be expected,
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we can develop the following Z Transform equations for the same Lerner

filter:

Bx (I - e-at(cos b"T)Z-1)

Y@ =
- ge_aT(cos bA??E_I g o 28TH2

It 3

An m-order bandpass digital Lerner filter can then be realized using the

following difference equations:

yi(nT) = e"aT(cos b~rTUay.UT - T) - x(nT - T]

- e”2aT yi(nT - 2T) + x(nT)

l’ 2, ooo$ m

and

y(nT) = By

“',—|3

Note that with the equations in this form, we can increase the order of
the filter (and thus improve its quality) by simply increasing the
number of iterations per sample and the storage used. The algorithm
remains unchanged.

For this system a four-pole filter was chosen. To get the
Learner filter equations into a form more compatible with the FORTRAN

programming language, we can do the following:

YI(i) = y™nT)

Y2(i) = yjl(nT - D

Y3(@i) = yi(T - 27)
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and

CONST(i) = e”aT cos(b.T)

BUF(N) = x(nT)

XIN

x(nT - T)

-2aT
= e

where the subscripts in the various arrays signify the variables for the
equations relating to the ith pole.
As a result the equations for the outputs of the four pole Tfilter

for any input sample n become:

YI(I) = CONST(1) * (2.* Y2(1) - XIN2) - EAT*Y3(1) + BUF(N)

PBUF(N) = .5 * YI(I) - YI(2) + YI(3) - .5 * YI(U)

OFf course, in the process of time and space optimization a few changes
were made. In particular Y3 does not need to be stored in an array, since
its value is not saved from one iteration to the next. Also the equations
were rearranged slightly to speed up the arithmetic.

The program has been written in such a manner that given the
upper and lower frequency limits of the desired bandpass filter, it will
calculate the proper pole positions, (i.e. evaluate a, b~, b”, b, and
b~). In order to do this certain assumptions were made about the desir-
able characteristics of the Tilter. In particular a decision had to be

made on how to pick the ratio of a/Ab where a is the distance of the Tfilter

poles from the jw axis and 2Ab is the distance between the interior poles
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of the Lerner filter. After studying Lerner’s design criteria and running
a few test programs, it was decided to make the ratio equal to one. Also
as a result of the test runs, it was decided to arbitrarily increase what-
ever bandwidth is specified by the calling sequence by a factor of 1.1.
This allows the sharpest part of the magnitude curve to occur right on

the cutoff frequencies specified instead of further inside the pass band.
The theoretical effect of this decision is simply to arbitrarily redefine

the originally arbitrary definition of ™bandwidth” .



CSL FORTRAN OF SEFT 1$68, TATE
SUBROUTINE

000000000000 00N00000O00O0NDNDO0O000O0O000ODO0ODO0O0O00O0O0O00O00O OO0

THIS SUBFCUTINE IS A DIGITAL FILTERING PROGRAM.

a buffer
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6/28/71

INILER(IAF.IBP,BUF,PBUF,Y1,Y2#CONST ,EAT#XIN)

IT ACCEPTS

cf floating point numbers# blf, and simulates the ac-

tion of A 4TH, CRDFR BAND-PASS LEKNER FIl TER to PROOUCE THE DATA
IN THE OUTPUT BIFFFR. PBUF.
THE CONSTANTS FOR THE FILTER ARE SET UP BY CALLING INILER

WITH UP

* I'CU FREoLENCY EDGE AND IBP a HIGH FREQUENCY EDGE.

AFTER CALCULATING THE CONSTANTS AND STORING THEM IN THE ARRAYS
GIVEN AS PARAMETERS, IMIER PRINTS OUT THE CALCULATED CONSTANTS

AND RETURNS.

WHEN AN INPUT BUFFER NEEDS TO pE FILTERED™*

LERNFIL IS CALLED WITH IBP = LENGTH OF THE BUFFER AND GIVING AS
PARAMETERS# That set of constant arrays CORRESPONDING to the
DESIRED FILTER.

A
B

BUF
BW
CONST

DT1HE
eat

fudge

U# 124
13 »14

| AP
IBP

ISAMF

PBUF
XIN

YI# Y2

Y3

TITLE*
DIMENSION

DISTANCE from POLES TO the IMAGINARY AXIS*
ONE HALF THE FREQUENCY DIFFERENCE BETWEEN THE CENIER
PCLES, = EW/4.
INFLT DATA BUFFER.
bandwidth in radians after fudge is made.
constant ARRAY USED IN FILTER OALCILAT IUNS .
4 entries beginning with entry o*
COMMON VARIABLE. SAMPLING PERIOD cF [INPUT DATA*
CONSTANT ARRAY USED IN FILTER OALCILATIONS. IT CONTAINS
2 entries beginning with entry o¥*
FI'LGE FACTOR TO STEEPEN SLOFE aT EDGE OF PASS BAND. |ITS
EFFECT is to widen the BANDWIDTH SLIGHTLY,
NAMES FOR |INDEX REGISTERS 3 THROUGH 6. THESE REGISTERS
ARE LCADEC WITH THE INTEGER CONSTANTS O TMRULGH 3 SO THAT
elements in the constant arrays can be accessed by index-
ing instead cf by subscript CAi CULATION which IS much
LESS EFFtCENT in CSL Fortran.
input PARAM. = LOW FREQ, EDGE FCR INFIL CALLSUN UPS.).
INFLT PARAM. a HIGH FREC. EDGE FOR INF IL CALLS!'IN CPS.).

a NUMBER OF ImPUT SAMPLES FOR LERNFIL OalLLS.
SAMPLING FRECUENCY. common VARIABLE PRESET 8tF ORE CALL.
POLE POSITIONS IN RADIANS, THIS ARRAY CONTAINS 4
ENTRIES PEGINNTNG WITH ENTRY 0.
output Data buffer.
DELAYED INPUT SAMPLE (FROM BUF) PROCESSED JUS | PRIOR
TC SAMPLF CURRENTLY BEING PROCESSED *
INTERMEDIATE PARAMETERS USED By LERNFIL. NUMBER REP-
RESENTS NUMBER OF TIME DELAYS. EACH PARAMETER REPRE-
SENTS A FCHJR ENTRY ARRAY BEGINNING AT ENTRY O
INTERMEDIATE VARIABLE USED BY IERNFIL. REPRESENTS THE
OUTPUT OF THE ITH COMPONENT OF THE LERNER FILLER 3 TIME
DELAYS AGC. THIS VARIABLE IS USED ONLY ONCE AND NEED
NCT BE SAVED, THUS IT LUES NOT NEED TO 8S A PARAMETER
OR AN ARRAY.

IT CUNTAINS

Yl<s ># V5<3)> CONST<3), P<3)#
BIF(1)f FBUF( )
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CSL FORTRAN OF SEPT 1566, CATE 6/28/71
INDEX 11(3), 12(4)* 13(5)# U(6)

8 SET UP POLES CP FILTER, |IE. CALCULATE B AND CTHER CONSTANTS,
--1LLAR
* LOAC REGISTERS 3 THROUGH & WITH THE CONSTANTS 9 THROUGH
* 3. THESE WILL EE LsED TO ACCESS THE CONSTANT ARRAYS.
ENI 3 OCE
EM 4 ik
EM 5 2E
EM 6 36
--FORTRAN
00004 1 APR r FLCATF<IAP>*s ,2831853
00007 BPR « FLCATF( IBP)*« .2831853
00012 fudge * 1.1
00013 BW s @f - APR)#FI.CGE
00016 B = BW/4,0
00017 A b B
00021 P<li) » APR - (RDCE - 1 ,)*BW/2.
00026 PEI2> *P<U) ¢ 0
00027 P(lIz) aP(l2) ¢B ¢ R
00032 P1(I4) 3 P(M13> *B
00033 AT s A*DTI ME
00035 TAT a AT 4 AT
00037 ET a 1,/EXFF(AT)
00043 EAT = 1,/EXFF(TAT)
00046 DO s» 1*0, 3
00052 PT s P(1)*DT IWE
00053 CONST (1) * CCSF <PT)#ET
00057 5 CONTINUE
00060 DO 55# 1Is0# 3
00064 PRINT 50# K P(1)# 1, CONST

|
00075 50 FORMAT (3H F(11,4H) a on-8§42#6HCONST<L ,4H> - F20*8)
00075 55 CONTINUE

00076 c RETURN
00077 100 entry lernfil
;—lLLAR
« LOAD REGISTERS 3 THROUGH 6 with THE CONSTANTS 9 THROUGH
E 3. THESE WILL BE LSED TO ACCESS the CONSTANT ARRAYS.
EM 3
ENI 4 5
EM 5 2k
6
FORTRAN
00103 DO 199* vmO, (IBP - 1)

calculate NEW VALUES FOR YI# Y2# AND T3*

O0O=
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CSL FORTRAN of S6FT 1*68, TATE 6/28/71

--1ILLAR
EM 1 o
--FORTRAN
00112 110 Y3 =Y2()
00113 Y2( 1) = Y1I(D)
00114 YL(I) = CONST (DD*(Y2(1) + Y2(D - XIN> -
--1LLAR }
XX120 ISK 1 Je
SLJ 0 =*>110
--FORTRAN
r
C CALCULATE OLTPUT
00126 N PBUF(J) = <5*Y1(ID - Y1<12) & YI (13) -
C calculate DELAYED VALUE OF THE INPUT FOR
U
00133 XIN 1 SUF(J) -
00135 159 continue
00136 RETURN
00137 END

--FORTRAN
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8.9 LTEST

This program tests the Lerner filter subroutine by generating
an input of cosine functions at specific frequencies (in 100 cps. steps)
and then plotting the output of the filter as a function of frequency.
The operator can set the band limits for the frequency by typing in their
values. The exact operating procedure is described in the comment at the
beginning of the program printout.

The main purpose of this routine is to allow the operator to
find out the frequency characteristics of a particular filter before he uses
it in his system. It was also helpful during the initial programming of
the Lerner filter when the various design parameters were being decided.
Figure 8.9.1 shows the effect of changes in the various filter design

parameters for a 2000-3000 cps. filter.
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bandwidth factor = 1.0 bandwidth factor = 1.1
A=28B A = .75(B)
bandwidth factor = 1.1 bandwidth factor =1.1
A =B A = 1.5(B)

Figure 8.9.1 Effect of Variations in Filter
Parameters for a 2000-3000 cps. Filter
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CSL FORTRAN OF SEPT 1*68, CATE 9/9/71
PROGRAM 1test

THIS PROGRAM TESTS LERNFIL BY GENERATING COSINE
FUNCTIONS AT SPECIFIC FREQUENCIES (IN 100 CPS STEPS) AND THEN
RUNNING 4000 SUCCESSIVE SAMPLES (1/4 SEC. AT 20 *C) THROUGH
THE FILTER, THE PROGRAM DISPLAYS THE [INPUT AND OUTPUT OF THE
FILTER AS A FUNCTION OF FREQUENCY.

IN ORDER TO LOAD THIS PROGRAM # TYPE CUT,

EXITCALL,PROGRAM TAPE,LTEST

THE SYSTEM HILL TYPE TAPE 5# |IF THE COMPLETE LIBRARY IS NOT UN
THE PROGRAM TAPE. IN THIS CASE TYPE A SPACE, PROVIDED THE REST
OF THE LIBRARY IS INDEED ON TAPE UNIT 5.

ONCE THE PROGRAM IS LOADED, TYPE LTEST TO START THE PROGRAM.
THE PROGRAM HILL TYPE A ¢ AFTER WHICH THE OPERATOR MUST TYPE,

LTEST«LOUER FILTER EDGE (IN CPS.)#UPPER ULTfeR EDGE (IN CPS.)

THE PROGRAM HILL THEN CONTINUE, PRINT OUT THE RESULTS# AND DIS-
PLAY THEM ON THE CRT.

CONST, » ARRAYS USED BY DIGITAL FILTER DURING PROCESSING.

Y1.Y2

DI Si * ARRAY CONTAINING AVERAGE MAGNITUDE cF INPUT AT EACH
FREGUENCY.

DIS2 * ARRAY CONTAINING AVERAGE MAGNITUDE cF OUTPUT AT EACH
FREGUENCY. AT THE END OF THE PROGRAM, THESE VALUES
ARE CHANGED TO THE GAIN AT EACH FREQUENCY BY DIVIDING
BY THE CORRESPONDING INPUT AVERAGE.

EAT, * VARIABLES ISED BY THE DIGITAL FILTER DURING PFfiOCES-

X IN SING,

U « initial frequency edge of Tfilter to be tested (in
cps.) - typed in by operator.

12 * FIN*L FREQUENCY EDGE OF FILTER TO BE TESTED (IN CPSt)
TYPED IN PY OPERATOR.

Fi aDUMMY VARIABLE FOR INPTCM. NOT USED BY LTEST.

VAR a CHARACTER VARIABLE CONTAINING COMMAND TYPED IN BY OPERATOR.

XSUM * TEMFGRARY VARIABLE USED IN CALCULATING AVERAGE MAGNI-
TUDE OF THE [INPUT SIGNAL.

0000000000000 O00O0O0OOO0O000O0O0O0O0000O0OOOOOO0

title™
DIMENSION DIS1(100), DIS2(100)* YI<3), Y?<3), CONST(3)
EQUIVALENCE (DISKI), A(15003)># (DIS2 (1) # A(15103))

obtain input command and parameters.
2 CALL [INPTCM(VAR, 1j, 12# FI, 19)
00010 IF (VAR - B5H.LTEST) 2# 4d» 2

INITIALIZE VARIABLES, CONSTANTS AND FILTER.

00013 4 CALL INITI
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CSL FORTRAN OF StPT 1568, TATE 9/9/71

oou14 CALL INILEH(11, 12,FIMT,FINIt,YI,V2,CONST, FAT, X1N)

00026 X = 0.0

Q0027 DO 5» I=u, 100

00033 DISI (1) = 0.

00034 b DIS2(1) = 0.
C
c resi F&DbcotNCTbs kIl include all mulu-rles uf iUO cps.
c WITHIN |Efc FIL TER FANGAS WELL AS + Oh - I5u0 CPSON tITHfcR  biUt
C OF IT. PCweEVEH,IF THIS CAOStS NtGATIvt FEECUENCI1ES, THtTtbhT
C WILL BEGIN Al ZERO CpS.
C

00036 ISTRT = 0

00037 IF (11 - 1500) <5,9,7

00042 / ISTRT = (11/100) - 15

00046 5 ISTOP = (12/100)+ 15

00052 DO 80, I=ISTFT, ISTfP

00056 ARG = 6..63It53*FLFATF(1) 100 «/20t00 .

00063 XSIM = 0.

00064 PRINT 15# |

00071 Ib FORMAT (22F b\TER INNER I 00P 1 = 13)
c
c GENtKATb TEE INPUT DAIA BY CALCULATING THE CUSINt FUNCIiUN
C FOR THE FIRCI 200 FCINTS. THEN SET TEE REMAINING POINTS 10 <HIb
C SANE REPEATING PATTERN. THIS METHOD WILL *URK Ab LONG AS |[Ht
C TEST FREQUENCIES HAVE AN INTEGRAL NUMEER CF FYCLbS IN 2UU SAMPLES.
c

00071 TEMP = U.1

00072 DC 20, J=0# 199

00076 TEMP = TbMP ¢ AhG

00077 FINT() = 51c .*COSF (TEMP )

00103 XSUM = XbLM o AfesSF (FINT(G))

00107 DO 19, K=(j42§U), c§oo, 200

00114 FINT(K) = FINT(w)

00115 19 DONT | NUt

00120 0 CONTINUE

00121 DO 25, J=0» 3

00125 YI() = U.U

00126 25 Y2(J) = 0.0

0U130 XIN = 0.0

00131 CALL LERNF IL(X,4i)i]1(-,FI\T,F[\T(5U00),Yl,Y?,CUNST, t:AT,XiN)
(o
C CALCULATE AVERAGE MAGNITUDE LF TEE INPUT AND OUTPUT ANU
C STORE IN Clbl AND FIS2 PESptC 1iVELY,
c

00146 DISKI) = XSLR/20U

00147 CALL AVEMAG(FJAT(5000), O.i, 4UUO0, DIS2(1))

00160 EO CONTINUE

00161 print 10U, (LIS1 (1), 1=0. 100)

00173 PRINT 10U, (LI1S2(1), 1=0, 100)

00205 DIS2(0) = DIb2(0 )*TIS1( ISTQP)/bl2

00214 PRINT 100, (LIS2(1), 1=0, 100)

00226 100 FORMAT (10 (FE.1,2X))

00226 CALL DISSY(X,C1S$S2,50,ISCCP1,20UU,5U.,100.,U)

00237 CALL. WHAINOhA

00240 END

--fortran
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8.10 DIFFER(BUF, NUM, PBUF)

This subroutine differentiates the NUM + 1 data samples in
BUF by taking the difference between each successive pair of samples and
storing the NUM resulting differences into the successive locations in
BBUF. The indexes within the DO loop have been arranged so that BUF and

PBUF may be the same physical array if desired.
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CSL FORTRAN of SEFT 1968, CATE 6/28/71

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
000 07
00013
00015
00016

-—fortran

100

SUBROUTINE CIFFER(BUF, NUH, PBUF)

THIS SUBROUTINE DIFFERENTIATES THE nUM & 1 DATA SAMPLES
IN OUF, Ey TAKING THE DIFFERENCE EEtwEEN EACH SUCCESSIVE PAIR
OF SAMPLES AND STORING THE NUM RESULTING NUMBERS IN THE SUC-
CESSIVE LOCATIONS IN PBUF. IN NORMAL USF* TrE INPUT DA IA
CONSISTS CF jNM SAMPLES FROM SOME LARGER BUFFER SO THAT THE
final difference, WHICH UTILIZES the NUM & 1 SAMPLE# IS STILL
VALID.

THIS SUBROUTINE WILL STILL OPERATE CORRECTLY IF BUF AND
PBUF ARE THE SAME RHYSICAL ARRAY.

BUF =ANFUT DATA ARRAY,
NUM =NUMBER OF DIFFERENCES TO BE CALCULATED.
PBUF =0OUTPUT DATA ARRAY.

DIMENSION BUF<1), F6UF<1)
DO 100. IQ# gNUM - 1)
PBUF (1) = BUFClel) - BUFM)

continue

RETURN
ND
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8.11 AVEMAGCBUF, ZERO» m m AYE)

This subroutine_ds used to calculate the average magnitude,
AVE, of the NUM data samples in the data buffer, BUF, about the "zero
value” specified by ZERO. It was specified in the above manner so as to
make it applicable to the widest variety of cases.

The zero level parameter is handy since the input data gener-
ally has a significant DC component by virtue of the way the A to D con-
vertor operates. |If an average value is needed, ZERO can be set to 0.0
if all the data is positive or to some large negative value if it is not.

In the latter case, this value must be subtracted from the resulting average

to get the average value of the original input.
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CSL FORTRAN or SEFT 1568, CATE 6/28/71

OOOO0O0O0OO0O0

00003
00010
00015
00020
00021
--FORTRAN

10

SUBROUTINE AVEMG(BUF, 7ERO* NUM, AVE)

THIS SLERCItine is used to CALCULATE THE AVERAGE magmiude of
THE NUM CATA SAMPLES IN THE INPUT BUFFER, 6UF, BEG INNING AT LOCATION
0. SPECIF ICALLV, THE VALUE OF THE PARAMETER, ZERO, 1S USED TO DE-
TERMINE 1RE ERC LEVEL OF THE INPLT DATA ABOt T WHICH THE AVERAGE
MAGNITUDE IS TO RE CALCULATED. THE RESUIT, aVE, IS THE AVERAGE
MAGNITUDE OF THE DEVIATION CF THE DATA FrCM THIS ZERO LEVEL,

AV = TEMPCFARY VARIABLE USED TO CALCULATE AVERAGE*

DIMENSION BIF(i)

AV = 0.0

DO io* LsO. <NUM - 1)

AV s AV + AESF(EUF(L>-ZFRO)
AVE = AV/FLCATF(NUM)

RETURN

END
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8.12 peapic(uf, num, pbuf, indx, limit)

This subroutine is used to pick out the maxima peaks in the
input buffer, BUF. The subroutine scans NUM samples in BUF and for each
maximum peak it finds, it creates entries in PBUF and INDX containing the
value of the maximum peak and its location within BUF respectively. Upon
completion the subroutine enters the number of peaks found into the LIMIT
parameter and returns.

PEAPIC scans the contents of BUF beginning with entry 0 and
continuing for NUM samples. Thus it effectively inspects NUM - 1 inter-
vals. PBUF and INDX are loaded beginning with entry 1. Entry O in both
buffers is set to zero. This is helpful in those cases where PEAPIC is
used to operate on its own output.

The operation of PEAPIC is perfectly straightforward. It looks
at the slopes between samples and watches for changes in the sign of the
slope. [IFLAG is used to store the sign of the previous slope, index 1 is
used to keep track of the position within BUF, and index register 2 is
used to keep track of the positions within PBUF and INDX and to count the
number of peaks found by PEAPIC.

Note that the portion of the subroutine starting at RECORD
is used to store the peak magnitudes which have been found. Index register
1 is used to make an indexed memory access to BUF in order to obtain this
magnitude. However, since at this point, IRl has already been incremented
to the next sample in order to calculate the "latest” slope, the address

field of the indexed instruction is set to the address of BUF minus one.
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CSL FORTRAN OF SEPT 1*68, CATE 6/28/71
SUBROUTINE PEAFIC(BUF, NUM, PBUF, INDx, LIMIT)

THIS SUEROLTINE IS USED TO EXTRACT THE MAXIMA POINTS FROM
INPUT Buffer, BLF. it SCANS the Input data, beginning WITH

THE

OOOO 0000000000000 00000000000O0O0

THE ZEROTH POSITION IN BUF» AND STORES THE VALUE AND INDEX HOS1
TICNS OF
RESPECTIVELY# BEGINNING WITH LOCATION 1. THE ZEROTH ENTRIES
IN PBUF AND INDX ARE SET TO ZERO. AFTER PROCESSING NUM
INTERVALS FRCM bUF, THE SUBROUTINE LOADS THE NUMBER OF MAX-
IMA FOUND INTO LIMTT AND RETURNS.

the SUCCESSIVE MAXIMA INTO the PBUF AND INDX ARRAYS,

THIS SUEROLTINE WILL WORK PROPERLY IF BIf AND PBUF ARE

BUF S
fir S
| a
iflag a

a
INDX «
J a
LIMIT a
NUM a
PBUF a

THE SAME ARRAY IN STORAGE.

input Data array,

tempc RARY LOCATION USED TC STORE PREVIOUS SAMPLE WHfAN
calol LATING SLOPES.

INDEX REGISTER 1 - USED TC KEEP TRACK OF POSITIUN IN
BLF AS DATA IS PROCESSED.

INDICATCR FOR PREVIOUS SLCPE.

¢, IF SIOPE IS +, - IF SLCPE IS

cltpl T DATA ARRAY FOR LOCATION OF PEAKS FOUND BY PEAPIC.
INDEX REGISTER 2 - USED TC KEEP TRACK OF NUMBER OF PEAKS
store D IN INDX AND PBUF.

NUMBER CF FEAKS FOUND By FEAPIC.

NLMEER CF INTERVALS TO BE PROCESSED RY PEAPIC.

CLTPL T DATA ARRAY FOR MAGNITUDE OF PEAKS FOUND BY PtAPiC.

DIMENSION BUF

INITIALI ( INDEX REGISTERS 1 AND 2 RESPfcCeIVELY) AND
ALSO FIR ANC
20 1 =1
J 31
FIR a BUF
IFLAG a 1
— ILLAR
CALCULATE END ADDRESS CF DATA BUFFER.
LCA NL
SAU IT r STORE NUMBER OF SAMPLES IN THE ADDRESS PORTION
CF THE LOOP TEST InSTR. IN THE UPPER HALF OCh
LOCATION ITEST.
ENA BL STORE ADDRESS OF THE BUFFER * BUF
INA 77 B MINUS # IN THE ADDRESS PQRUFIN CF THE INSTR
SAU RE <D WHICH ACCESSES A DISCOVERED PEAK, WHICH IS

LCA

LOCATED IN THE LPPER HALF OF LOCATION RECORD

CHECK THE DIFFERENCE BETWEEN THE FIRST TWO BUFFER ENTRIES TO
DETERMINE THE INITIAL SLOPE OF THE DATA AND SET THE SIGN OF THE Q

REGISTER ACOCRDINGIY.

BLF
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CONT

o% k% X X

NEG

* % ok X

POS

*

RECORD

* 4 % %

FIR
Ef% 2 L'COP IF SLOPE IS GO DIRECTLY TwW LOOP
LDQ sel otherw ISE SET 0 AND IFLAG 10 -
STO IFLAG before GCINO TO LOOP
SLJ 0 LTOoP - Q" e]]

IF PROCESSING is to continue after the end test, calculate
THE SIGN CF THE SLCPE BETWEEN THE NEW PAIR OF POINTS AND LOAD IT
IN THE A REGISTER, IF THE SLOPE IS ZERO ASSIME THESE IS NO PEAK AND
CONTINUE. IF THE SLOPE IS NOT ZERO, LOAD THE Q REGISTER WITH THE

sign of the slope cf the previous point pair and test the sign of the

A REGISTER.

LCA 1 BLF LOAD CURRENT SAMPLE AND SUBTRACT PREVIOUS SAMPLE
FSB FIR TO GIVE THE RESULTING SLOPE IN THE A REG.

AP 0 Ltop IF SLOFE IS 0. GO DIRECTLY TO LOOP.

LDO IFLAG LOAD Q REG. hITH IFIAG FOR TEST LATER UN,

AjJp 2 PCS IF SLOPE IS # GC TO POS.

IF THE CURRENT 2 POINTS HAVE A NEGATIVE SLOPE# CHECK THE
SIGN OF THE PREVIOIS SLOPE(CURRENTLY STORED IN THE Q REG ISTfcR)
ANC IF IT WAS POSITIVE# A PEAK HAS BEEN FOUNT. IF THE PREVIOUS
SLCPE WAS NEGATIVE, RETURN TO THE LOOP,

QvP 3 LGP IF OLD SLOPE WAS ALSO CONTINUE dY GOING TU LOUP,
SLJ 0 RECORD OTHERWISE RECORD THE cISCOVEBED PEAK,

if the current two points have a positive slop#. check the
SIGN OF THE PREVIOIS SLOPE, AND IF IT WAS NEGATIVE A MINIMUM
POINT HAS BEEN FOUND. IN THIS CASE THE SIGN OF THE PREVIOUS
SLCPE MUST BE CHANGED TO POSITIVE BEFORE RETURNING TO THE LUOP.
IF THE PREVIOUS SLCPE WAS POSITIVE# RETURN DIRECTLY TO THE LUOP,

QJP 2 L"0P IF OLD SLOPE WAS ALSC ¢, CONTINUE dy GOING TU LOUP
LDQ *] OTHERWISE CHANGE THE SIGN OF IFLAG

STQ 1FUAG

SLJ 0 LOP BEFORE GOING TC LOOP.

WHEN A FEAK IS FOUND, RECORD ITS MAQNITIDE IN RBUFU) AND
ITS LOCAI ION IN INmJ).  THEN INCREMENT jUN"DEX REGISTER 2)
BY le

LDA 1 * ADDRESS FIELD IS LOADED WITH BUF - 1.
STA 2 PEUF

ENA 1 LCAD A with INDEX REGISTER 1*

INA 777768 INCREMENT A REG. BY -1,

STA 2 INOX STORE THIS VALUE IN THE CURRENT INDX ENTRY.
INI 2 iE INCREMENT CURRENT ENTRY ADDRESS (IB. XH2) FOR

INDX AND PfdUF BUFFERS BY 1.

RESET THE SLOPE OF THE PREVIOUS POINT PAIR UB| IFLAG) TU
NEGATIVE . THEN CONT INUE WITH THE LOOP.
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LOOP

& 3 O* ¥

ITEST

00012
00013
00015
00016
00017
--FORTRAN

LCQ «*1
sto iflag

LOAC THE SECOND MEMBER OF THE CURRENT PAIR OH ROIMS INTO
FIR, THE STOP AGE LOCATION FOR POINT NUMBER ONE, IN PREPARATION
FOR THE NEXT [ITERATION,

LDA 1 BIF
STA FIR

TEST 1 (INCEX REGISTER 1> TO SEE IF THE LAST PS8INT HAS BEEN
REACHED, NOTE THAT THE SUBROUTINE TESTS NUM POINTS WHICH MEANS
THAT IT PROCESSES NLM - 1 INTERVALS.

ISK 1 ADDRESS FIELD IS LOADED WITH NuM,
SLJ 0 CCNT

FORTRAN

100

LIMIT s ,,
PBLF = 0.0
INDX = 0
RETURN

END
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8.13 KECTIF(BUF, ZERO, NUM, PBUF)

This subroutine is a half-wave rectifier. Using the value in
ZERO as a "zero level”, it examines each value in BUF and transfers it to
PBUF if it is greater than ZERO. |If it is not, it loads the corresponding
entry of PBUF with ZERO. After processing NUM samples (beginning with the
zeroth sample in BUF), it returns. Note that the subroutine will operate

correctly even if BUF and PBUF are both the same physical array.
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00012
00013
00014
00015
00016
00017
--ILLAR
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OOOOOOOOO0O0

v 10

20
100

SUBROUTINE RECTIF(8UF, ZERO# NUM# PBUF)

THIS SUBROUTINE HALFWAVE RECTIFIES THE NUM DATA SAMPLE*
IN THE input buffer, buf, beginning with location 0* all
POINTS WHICH ARE LF5S THAN THE ZERO LEVEL VALUE STOWED IN
THE PARAMETER ZERO ARE TRUNCATED TO THAT VALIE BEHQBE BEING
TRANSFERRED TO THE OUTPUT BUFFER, PBUF. POINTS GREATER THAN
THIS VALUE APE LOATED INTO THEIR RESPECTIVE ENTRIES IN PBUF
UNCHANGED

BUF ANC PBUF HAY BE THE SAME BUFFER IF cESIRED* AND THE
SUBROUTINE HILL STILL OPERATE.

DIHENSION BIF(1), FBUF<1>
DO 100# 0. (NLM - )

IF (BUF(I) * ZERO
PBUF(I1) * ZERO

GO TO 100

PBLF(1) = BLR(I>
continue

RETURN

END
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Appendix A
FORTRAN Implementation of Transformation Equations

for the Analysis of 2N Real Sample Points With N Complex Coefficients

Following Cooley[1966] we first note that given

n-1 ik
Z. =X, +i1Y_. = E AW
J J J ko = @
0, 1, n-1
ok 2iTjki
where X*. and are real and = e N , then the complex anmplitudes
defined by:
X. = E A" WJk @)
J k=0 k
n-1
Y E ©)
J k=0
can be shown to be given by:
(Ak + ~"n-k)1
5 (k)
(\"’ AN 17k Afn-k)”~ ®)
2i

Thus AE and A”™ represent the complex amplitudes for the 2 real data sets,
X and Y, respectively. If we now let these two sets be the odd and the

even data samples, respectively, of the real data set T, we get:

n{2—1 0 v
Disl = k_|0 AR;(vr)JK 6)
) (odd points)
n/2-1 2\)“
T = E al/\(w 7
=0 Q)

(even points)

3=0,1, ..., n/2
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By plugging in the inverse of equations (6) and (7)» it can be shown

that the coefficients of:

n-1
T I AMNWIK ®@)
J k=0 ) )
J ~ 0» 1) eee» n-1
are given by:
= (AE + AEW-k) ®
An/2 + k = (A1 - M W'k o

k=0, 1, ...,n/2-1

Where the factor WiW(comes from the shifting of the zero time location
in the even data samples.

Thus by plugging equations (U) and (6) into equations (9) and
(10), we obtain the expressions for the complex Fourier coefficients for

the original real data, namely:

\ + Atn-k) - + 1Atn-k)W~k an
Ak 2

* Atn-k) + 1AW~k - 1A?n-kW~k  (@2)
n/2 + k 2

However, since the CSL FORTRAN cannot make use of complex numbers or

- - *k
operations, we will express W as:
-2itik

»
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separate equations (I1I) and (.12) into real and imaginary components.

Thus since:

and

-k . . .
AW  ~ Ancosa + jLAICOSa - iA~sina + A”sina

Tk
Aln-KOW “ = A(n-k)roosa ~ iA(n-k)icosa ~ iA(n-K)rsilla " A (n-k)islnct

ow

where =" , we get:

+

\ A(n-kK)r » V. 0080 - Akrslna + A(n-k)lIcosa + A (n-k)rsltla
\r 2

\r - A(n-k)r + cosa[Aki + A(n-k)i] ~ sina[Akr ~ A(h-k)r] =
2

Attt \i - A(M-K)I - V CO0Sa - + A(n-k)roosa " A (n-k)isin“
it 2

2

A +
kr L(n-k): \ i cosa + - A(n-k)icosa - A(n-k)rsina
2

=\r + A(n-k)r ~ cosa[Aki + A(h-k)i] » slpa [Akr ~ A(n-K)r] ,
2

Alt» -\i “ A(n-k)i + Akroosot * Akisina - A(n-k)rcosa + A(n-k)isina
A (n-k)i 2
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- A(n-k)i + ccsa:V - A(p-K)i-]1 + SIna[\i1i + A(n-k)i]
2

In order to transform these equations into the form used in the

FFTB subroutine, the following simplifications are used:

+

FRL = Ar A/(n—k)\r

FI1

1
>

ki~ AMp-iSt

FR2 = Ay - Atn—kj?
FI2 = Aki + AQh_Kfi
Cl = cosa
SI = -sina
Thus we have:
A*" = _5*¥[FR1 + C1*FI2 + S1#FR2]

Al»l- 5x[FI1 - C1*FR2 + S1*FI2]

ACi*yr = -B*[FP1 C1*FI2 - S1#FR2]

! = + * _ *
A%n—kfr ,5#[FI1 C1*FR2 S1*FI2]
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But if we use the following representations:

AEr - X(K)
AEL" > Y(K)
. XK

A%M—I’di ¢ Y(n-k)

replacing k by J and n-k by JlI and using the additional simplifications

FR3 = CI1#FR2 - S1*FI12

FI3 = C1*FI2 + S1*FR2 ,
we TFTinally get:

X(@) = .5*[FRI + FI13]

Y@ = .5*[FI1 - FR3]

X(J1) = .5*[FR1 - FI13]

Y(J1) = .5*[FI1 + FR3]
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