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^	 INTRODUCTION

An experiment in El ectrornyography (EMG) utilizing surface electrode tech-

^	 piques was developed for the Apollo-Soyuz Test Project, The objective of the

study was to obtain quantitative measure of changes in muscle characteristics as a

^	 result of exposure to weightlessness (see Appendix A), Tliis report describes the

computer program, EMGAN, which was written to provide first order data reduc-

Lion for the experiment,

EMG signals are produced by the membrane depolarization of muscle fibers

during a muscle contraction. Surface electrodes detect a spatially summated

signal from a large number of muscle fibers commonly called an interference
i

pattern. An interference pattern is usually so complex that analysis through signal

morphology is extremely difficult if not im possible. However, because of the ease

of application and noninvasive character of surface electrodes and the often de-

^	 sirable feature of studying large groups of muscle fibers, methods have been sought

to evaluate tl^e surface interference pattern.

In the time domain a valuable technique to characterize an interference pattern

^	 has been the root-mean-square (RMS) value of the signal . A similar technique has

^	 been to integrate the interference pattern over a given time length, A linear rela-

tionship is usually found between the integrated EMG or the RMS value and the force

*	 exerted by the muscle up to some maximum.

P^1ore recently with the increased access to the digital computers and the avail-

ability of an algorithm to economically calculate discrete Fourier transforms, it has
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become comr^^on to process EMG interference patterns in tl^e frequency domain.

^	 Muscle fatigue and certain myopathic conditions can be recognized through changes

in muscle frequency spectra,

DATA PREPARATION

The protocol for the ASTP Nlyography required that tyro types of data be record-

ed, digitized, and processed: the force being exerted by a muscle group and the

*	 surface EMG signal , The data was originally recorded on a 4-channel Tandberg 	 `-

analog recorder with one-channel of TRIG Q time code, one-channel of force data,

and two-channels of simultaneous EMG signal (two different muscles).

A digital tape was prepared from the analog data using the General A/D program

(see Appendix H) available on the CF -16A mini-computer located in the Sigrna 3	 ^^"'

Computer Room. Analog force data was low pass filtered ai 10 Hz before being

digitized at 20 samples/second. Analog EMG data was low pass filtered at 400

Hz. Consistent with this frequency limit a digitizing rate of 1000 samples/second

I	 was chosen as the minimum necessary for power spectral density analysis ^2^. 	 —

Tlie digitized data was organized into {calf second records vrith 535 words per

record. T{ie first twenty-five words were header information with ten words of

digitized force data interspaced into 500 words of EMG data (see data format in

^	 Appendix B). Only one-channel of EMG data was digitized with its associated

force data at any one time. Although not required by EMGAN, a data tape was

usually constructed with the first file containing force calibration and subsequent

2
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files containing EMG data from each muscle wit{t the appropriate E^1G calibration

signals.

F'ROGP,AM CHARACTERISTICS	 --

EMGAN exists in two versions. 	 One version was written to execute on the

Biomedical Sciences Division Xerox Sigma 3 Computer using the Computek 400/20
ra

CRT terminal for graphical output. 	 A second version was written to execute on	 •

^ the Cardiovascular Laboratory's Data General Nova 820 mini-computer. 	 Both	
.^

programs a. a essentially identical to the user. 	 However, there are a number of

programming differences made necessrn • y by differences in Xerox and Data

General's Fortran IV, supporting software packages (graphical and tart: (/0),

and peripheral hardware. 	 W{tenever these differences are sufficiently important

in describing the program they will be noted. 	 Complete program listings of bout

^ versions with their associated load maps are given in the Appendices F and G.

An EMG system tape exists for tite Sigma 3 Computer which contains an

^
•_--

appropriately sized operating systen . 	 EMGAN exists in absolute binary as a fi{e

^ in the User Processor area of t{te Rad.	 A source listing of EMGAN exists both on

magnetic tape stored in the Sigma 3 Computer Room and on punched cards in the

Cardiovascular Laboratory.	 Both source listings and absolute binary files of the

^ Nova version of EMGAN are stored ort disk pack and on magnetic tape in the

Cardiovascular Laboratory.	 The absolute binary files are named EMGAN.SV and,'

EMGAN.OL (bot{t are needed for program execution). 	 The source listing is lo-	 ;

3
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Gated in separate files for the main program and each subroutine with each file

named for tl^e subroutine it contains. How to execute a run with eiil^er computer

version is explained in a later section. Tlie computer peripherals required to

fully execute ^ivi^.4N are b card reader, I ine printer, two 9-track tape drives,

and the Computek terminal (Sigma) or the Tektronix 4014 terminal (Nova).

EMGAN's execution is totally controlled by the data card information receiv-

ed. Force and EMG data slices are processed with separate data cards. The

maximum length of a force data slice is 120 seconds with previous force calibr-a-

tior^ required. After the raw data is converted into pounds it is averaged over a

user selected interval for output to tl^e line printer. T{^e maximum length of an

EMG dcta slice is four seconds with previous EMG calibration required. After

scaling into microvolts, an integrated value is found for the EMG data slice. The

discrete Fourier transform of the data is taken. The raw power spectral density

(PSD) of the data up to 400 Hz is calculated and smoothed over a frequency band-

width selected by tl^e user. The raw PSD with associated Header information is

outputed to magnetic tape for use in any subsequent processing program. Tl^e

smoothed PSD is outputed to the line printer along with accessory information

such as a normalized PSD, percent contribution of each bandwidth to the whole

spectrum, the mean and standard deviation of the spectrum, and time domain

integration and mean square value of the data slice.

EMGAN run time is variable and depends on tl^e number and kind of data

cards, the length of the EMG data slices, whether or not the 60 Hz filter is used,

4
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data locatio-^ on the input tape (processing data in sequential order on the tape

is much faster than skipping back and forth on t l,e input tape), the number of

data plots, and whether execution is on the Sigma or Nova. For the ASTP

EMG experiments a typical run consisting of calibration cards, 16 force data

slice cards, and 28 4-second EMG data slice cards (no filtering or plotting) re-

quired approximately 25 minutes on the Sigma and 35 minutes on tl^e Nova.

EMGAN DESCRIPTION

In describing the various subroutines, differences in tl^e Nova version from the

•	 Sigma version will be set off with a ***. A table of formulas used in tl^e program

is I fisted in Appendix D.

;..

Main Program:
i

Tlie Main Program's basic task is i^o load the needed overlays in the

sequence. A flowchart is given in Appendix C. The program is organi:

r large do loop with one pass through the loop for each dota card to be pr

A check is made to determine if calibration data I^as been received befc

r
respective data type, force or EMG, can be processed. If the user shop

the processing of data without calibration, tl^e program outputs an error

and halts,

^

	

	 *** Tl^e magnetic tape units are initialized and the output tape fil

ed. Upon completion of t{^e proyr^m the tape units are released.

S

l

i
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Subroutine CINPUT

subroutine ^ INPUT inputs all data card information. Data card format is 	 -

given in Appendix B. As each cord is read it is outputed to the line printer to

aid the user in verification. If the number of data cards to be processed is read

to be greater than 200, an appropriate error message is given and the program

halts. All data card information is stored in a scratch file, (CARD, in the user

data area of t l^e RAD. As each data card is to be processed (CARD is read back 	 ____

into main memory. The program variable are then set to tl^e corresponding data

card values.

... ,.

*** The scratch file, ICARD, is created on the disk pack by the Nova pro-

gram if it does not already exist. For the Sigma version the user should create 	
.^

(CARD (1 record, 6000 bytes, random format) if it does not already exist before

attempting to execute EMGAN.

Subroutine TINPU T_	 _

Subroutine TINPUT acquires the digitized data from the input tape. Tape

files are numbered from 00 to 99. Tlie routine keeps track of tl^e current file

being accessed. If a data card requests another file, TINPUT skips tl^e tape 	 .

either forward or backward to the beginning of tl^e requested file. Subroutine

FIND is called to position the tape at the start of tl^e data slice within the tile.

TINPUT reads either force or EMG data according to data card request. After

tl^e data has been read, the tape is backed up to the beginning of the data slice.

6	 '!
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If an EOT is encountered during a search for a requested file, an error message is

given and the program halts. If an EOF or EOT is encountered during the input of

a data slice, a error message is given and the program (alts.

*** Nova Fortran calls for magnetic tape I/O are considerably different from

tl^e QINOUT package used on the Sigma, Because Nova error checking is more

comprehensive, error messages given by EMGAN resulting from tape I/O problems

contain much more information.	 '^

Subroutine FIND

Subroutine FIND searches the currently accessed tape file for the start time of	 _.

the data slice. If an EOF is encountered before the start time is found, the tape
rr^•-

is rewound to the b.^ginning of the file. A second search is then made through the

entire file. If the start time is still not found, an error message is given and the

program halts.

Subroutine OUTGO •----

Subroutine OUT60 is a digital notch filter which can be called to remove 60

Hz and its odd harmonics from EMG data. If at all possible filtering should be 	 '

avoided, since no distinction can be made between 60 Hz present in the true data

and that which may have been picked up from extraneous sources. Since a large

number of sines and cosines are generated, considerable time is added to the pro-

cessing of data slices.

7
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Subroutine DCAL	 .

i	
Subroutine DCAL processes force and EMG calibration data to obtain the

scale factors needed to change the data from raw counts to engineering units.

After the scale factors have been calculated, the calibration is converted to

engineering units for plotting.

A force calibration data slice consists of two DC levels, t{^e first level corre-

sponding to zero pounds of force, and a second level corresponding to a known	 _
,^

amount of force (98 pounds in tl^e ASTP experiment). The data slice is searched

1	 for a jump in the data to indicate tl^e beginning of the second level. When the

jump is found, the average number of counts three seconds before tl^e jump is	 `"

subtracted from the average number of counts three seconds after the jump. The .....

1	 difference is divided by t{ie number of pounds represented by the jump to obtain

the scale factor. If the jump is not detected, an error message is outputed and
1

tl^e program Halts.

Tl^e EMG scale factor is calculated using tl^e fact that for o zero mean,
r	 ---

stationarysignal the standard deviation of tl^e signal is equal to its RMS value.

(For• the ASTP experiment a nominal 20 Hz, 350 microvolt RMS signal was used 	 `

i
	 for EMG calibration). T{^e calibration data first has any DC mean subtracted

from it and the standard deviation of the data ^n cot,nts is found. Tl^e scale factor

'	 is computed by dividing the standard deviation by t{^e RMS magnitude of the

calibration signal.
L

8
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Subroutine GRAPH

Subroutine GRAPH plots on the Computek terminal, if requested by the data

card, force and EMG calibration data, force data, and EMG data both in the

time and frequency domain. Scaling for force and EMG data is variable accord-
s

ing to t{ie maximum amplitucle of tl^e data. Force data is plotted without smooth-

ing (such as is done for the pri:^ted output). When time domain EMG data is	 -

plotted, only 1000 evenly spaced points are plotted no matter what the length of	 •^
i	

—.

the dato slice. The PSD plotted is smoothed and normalized to tine maximum value

^	 of the spectrum. The return key must be struck for the program to continue when-

ever the terminal's bell is rung.	 ^•-^^

** *As of the writing of this report the graphics package for the Tektronix 	 ""

4014 terminal is not available. No plotting capability presently exists when

'^	 executing EMGAN on the Nova, However, if plots are requested when executing

on the Nova, no run error occurs.

^n
Subroutine MODLI NE, WO RDS, and BELL

These routines refer to the Computek terminal and respectively, plot data

arrays, output alphanumeric characters, and ring the Computek bell,	 '
..

t	 Subroutine EMG

Subroutine EMG ubtr•acts any DC offset from the unstated EMG data. The

data is then scaled into engineering units and the largest absolute value of the 	 `

9
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' data array is fourd for use in plotting of the data. Simpson's rule is used to find

the integrated value of the data in units of microvolt-seconds. The mean square

value of data is calculated.

Subroutine FORCE

Subroutine FORCE scales the fo-ce data into engineering units. Compensation

is made for force signals recorded at a higher gain than the force calibration.

^	 The first second of force data is assumed to be the zero force level , The user 	 ^'-

should insure that this is so for correct results. The maximum force in the data
.,^

slice is found for use in plotting the data. Force data is then a^•eraged over
.....

intervals requested by the data card for output to the I ine printer.

.^..

^	 Subroutine FFTPSD

^

	

	 Subroutine FFTPSD calculates t{ie raw power spectral density of an EMG data

slice uf. to 400 Hz. It is suggested that the user read (2) for information on data

analysis using PSD techniques and (1) for an excellent explanation of discrete

^	 Fourier transforms and the fast Fourier transform algorithm. A cosine taper is

applied to the first and last tenths of the data slice to reduce leakage. Tl^e

^	 Fourier transform of the data is then taken and the raw power spectral density is

^	 computed. The PSD arnplitvdes are corrected for reduction caused by the cosine

taper. Tl^e raw PSD is oulputed to magnetic tape for use in subsequent processing

I)
programs. The PSD is ^moathed over the frequency bandwidth requested by the

data card and tl^e maximum PSD value found. A second PSD array is computed,

^	 10	 ^'
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normalized to the maximum PSD value. 	 The area under the PSD is found and used

^ to calculate the percentage each bandwidth contains of the total power and the

cumulative of percentage of total pourer with increasing frequency. 	 11ie expected

value and variance of the PSD are computed.	 l

Viewed statistically t{^e raw PSD leas very poor reliability.	 Each calculated

value is an inconsistent estimate of the true value and { gas a possible random
^ ._	 .

error of 100%.	 Smoothing the PSD can greatly reduce the random e!ror and pro- 	 ^''^•^
^_

vide a better estimate over tl,e smoothed bandwidth (2).	 Tlie normalized standard

error is calculated to provide information on the amount of random error- associated

' with each PSD value.	 ^,

Subroutine WINDOW	 ,.a.

Subroutine WItJDOW applies a cosine taper to the first and lasi^ tenths of the

data slice to reduce leakage in the discrete Fourier transform.

Subroutines RFORT and FORT
------

^	 Subroutine RFORT and FORT tar̂ ce tl^e Fourier- transform of the EMG data. FORT

contains the actual fast Fourier transform algorithm and assumes a transform of N

complex data points. RFORT compensates for the actual case of a transform of

2N real data points. The FORT computes an initial sine cosine array and refers to

this array when computing the transform. Repetitive computation of identical sines

ar^d cosines is t{^ereby avoided,. substantially increasing the speed of the transform

!I^
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^ at the cost of an extra array of size N/4.	 Both of these subroutines were received

^ from Iv1r• ..Jack McEiryde of Lockheed. 	 Tl^e only modification was to not divide

each data value by the number of data points (an alternate definition of the dis-

Crete Fourier transform). 	 EMGAN can transform 1, 2, or 4 seconds of EMG data t

^ which corresponds to 1024, 2048, and 406 data paints, respectively.	 Computa-

tion time for the Fourier transform algorithm are as follows;	 •^
f

of Po ints	 Sigma Time	 Nova Time	 ^_

1024	 6 seconds	 10 seconds

2048	 13 seconds	 22 seconds,'

406	 29 seconds	 47 seconds
.^

.....

*** Subroutines RFORT and FORT are named RFFT and FFT to avoid confusion 	 ,,,,_•

^^^ with Nova Command Line Interpreter calls.

^	 Subroutine PSDSAVE

Subroutine PSDSAVE outputs to magnetic tape the raw PSD of each EMG data

slice. T{ie PSD values are preceded by a 25-word header record. Tlie format of 	 '

the header record is located in Appendix B. Tl^e PSD of aone-second slice of

^	 data I^as 512 real values, atwo-second slice { pus 1024 real values, and a four-

second slice leas 20413 real values. A PSD record contains 2048 integer words;
'7

therefore, aone-second PSD fills 1/2 of one record, atwo-second PSD fills one

full record, and afour-second slice fills two records. Two EOF's are written on

}	 the tape after the raw PSD is output and the tape then backs up to just before the

12
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	^	 EOF's, At tl^e end of an E/^1GAN run tl^e output tape consists of a file containing

a!I of raw PSD's from the run terminated by two EOF's.
n

Subroutine PRINT

Subroutine PRINT outputs to the line printer all of the processed force and
n

EMG data, A page of header and calibration information is printed whenever

tfie print switc{^ on a calibration data card is set. Tl^e len3t{^ of a force or PSD
^..

	

' ^	 output is checked ar^d if sufficiently long a two column list of the processed data 	 _---

is printed instead of a one column list. The frequency corresponding to each

	

f^	 PSD value is the center of the bandwidth.

*** Subroutine PRINT is named POUT to avoid confusion with Nova Command
^^

Line Interpreter cal I s .

SAMPLE EMGAN RUN

To execute an EMGAN run on the Sigma 3 first load the Eh1G system tape.

	

I	 Place the data cards in the card reader and power up the Computek terminal .

Mount the input data tape on unit 0 and tl^e PSD output on unit 1. Assign the

user input device to the teletype and type in "!EMGAN".

7

To execute an EMGAN run on ;he Nova load the EMG disk pack and bring 	 '

up tl^e system. Place tl^e data cards in the card reader. Mount the input data

tape on unit 0 and tl^e output tape on unit 1. Type in "EIv1GAN". A message 	 '

will be outputed to the terminal, ''LOAD $CDR, STRIKE ANY KEY", upon

entering any keyboard character, the data cards will be read and the program

13	 '^
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n
executed .

^..
n 	 An example of an EMGAN input card deck with tl^e printed and plotted out-

f _	 put is iri Appendix E.	 '

I
PROGRAM IMPROVEMENTS

There are several additions that would be desirable in future work with

EMGAN. The major addition would be a subroutine to check the EMG data

slice prior to transform for stationarity and normal distribution. Suggestions for 	 '^

tl^e necessary statistical techniques are found in (2).

An alternative FFT algorithm might be used which calculates sines and cosines 	 ...

as needed rather than establishing a table. The core storage saved would allow
.^-

an 8196 real data point transform to be performed on the Sigma and, with proper

sizing of operating system, on tl^e Nova. However a price would be paid in

increased processing time considerably beyond twice the transform time of 4096

real data point array.

^..^	 Of a more minor nature subroutine GRAPH could be modified to output the

muscle name with the EMG and PSD plots to allow easier later identification.

Although force and EMG data are now processed separately, it could be useful to 	 '

^l
obtain the average force value over the period of the EMG data slice. The force

^#	 value could be output with the EMG's PSD fc^ more convenient association be-

^	 tween tl^e two .

^	 14	
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^	 ASTP MYOGRAPHY DESCRIPTION
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t ^	 1 .0 General Objective

Tl^e general objective of the experiment is to continue tl^e study efforts begun
in the Skylab program to identify and describe antigravity muscle dysfunction

(^	 characteristics and consequences resulting from spaceflig ht. 	'

f	
2.0 Specific Objective

^	 The purpose of the experiment is to assess changes that occur following a
period of disuse. Some studies suggest that the first few days of exposure to 0 -g

..	 may be significant to the ultimate muscle deconditioning resulting from longer
missions. The relationship between muscle capability, in terms of strength or
tension, fatiga'^ility, and muscle electrical activity will be investigated, as well

^	 as the differential effects of spaceflight disuse on "fast" and "slow" muscles.

^^s

3.0 Significance	 '
^	 ^'«

Muscle function and condition may •^^ell be a critical determinant of man's	 .
capacity to endure tl^e effects of long duration weightlessness as well as the
readaptation to the earth's gravity, or to the gravity of other planets. Data 	 t•

i	 collected in the experiment will aid in quantifying the muscle deconditioning 	 ^^,
which results from weightlessness.7

't	 In addition, an important spinoff will be the extension of an already con-
siderable ground-based body of knowledge about tl^e characteristics and conse-

^	 quences of muscle disuse. Heretofore, research in this area has relied on the
"contrived" methods of surgical section and limb or torso fixation to produce the
disuse effects. Spaceflight uniquely provides a "pure" form of neuromuscular
system disuse .

4.0 Method

A . Concept
1

t	 The measurement of muscle electrical activity is known as electromyography
(EMG). Tl^e state of muscle function can be described by EMG measurements com-

1	 biped with knowledge of the force being exerted by tl^e muscle.

Electromyographie studies { g ave shown that skeletal muscle undergo char ges
7	 ire capability and composition when subjected to periods of disuse, i.e., periods

of time when the contractile mechanisms are not subjected to the stresses and
forces normally encountered. Also changes in biochemical constituents, as seen in

t. .

A-1
1
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€ ,^	 Skylab, such as calcium, potassium, etc., and alterations in enzymic constiuents
such as ATP, and acetylchol inesterase have been shown, by ground studies to
affect normal muscle function.

The Eti1G results of Skylab 3 skeletal muscle assessment provide ample
evidence that normal muscle function is significantly altered by periods of weight-
lessness (disuse) of 56 days or more.

`'^

	

	 To investigate the effects of a shorter period of weightlessness on muscle	 •
function, a standardized test protocol and a muscle stress device will be used,
Tl^e muscle stress apparatus will provide for preplanned isometric muscle forces

^	 from the calf muscles and the arm muscles. The standardized test protocol will
include measures of muscle strength, muscle endurance, and muscle fatigability.
Pre- and postflight measures only will be taken.

Q. Procedure

Tl^e test procedure is identified in Figure 1. Two muscles each from the leg
and arm will be instrumented and the muscle action potentials recorded. These .....
muscles are the brachial bicep, brachioradialis, gastrocnemius and soleus, The
procedure will require a'oout 11 minutes to complete.

..^...
C . Data

The EMG data will be recorded on magnetic tape for time and frequency
domain analysis at t{ie JSC Cardiovascular La'ooratory.

^	 ____

r

'^
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PROCEDURE

A,	 Apply surface electrodes

E3.	 Seat subject in muscle stress device prepared for muscle stress test

C.	 Three short (1 to 2 seconds) efforts to determine the maximum voluntary con-
traction (MVC)

D.	 Remainder of calf procedure

1 . 10 seconds at 10% MVC - 20 seconds rest .. ,.

2. 10 seconds at 20°o MVC - 20 seconds rest

3. 10 seconds at 30% MVC - 20 seconds rest

4. 60 seconds at 50% MVC

E.	 Reset muscle stress device for arm stress test

F.	 Three short (1 to 2 seconds) efforts to determine the maximum voluntary
contsoction

G.	 Rernainder of arm procedure

1 . 10 seconds at 10°o MVC - 20 seconds rest

2. 10 seconds at 20% MVC - 20 seconds rest

3. 10 seconds at 30% MVC - 20 seconds rest

4. 60 seconds at 50% MVC

H .	 Remove surface electrodes

A -3	 ._._
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.^	 INPUT/OUTPUT MAGNETIC TAPE AND DATA CARD FORMATS
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EMG DATA INPUT TAPE R.^%C?SZU ....
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2 3 4	 {	 - b^ 7 8 9 10 (11 1L	 -

Re^ord hours Minutes Seconds	 Mili- Subject Exn. Exp. Exo. Digital Digital Digital
Seconds No. Month Day Year Month Day Yec-

13 14 15 16 17 ^ 18^ 19 20 21 22 23 ; 24!

Fligat Run Anclo; E?vIG Samp, Force f RMS Am- Amount

Ref. Day No. Tape Rate ISa:np Rct^pl itu'de Not Used f Fo: ce Not Used No. Used ^Io` Use: Not Used

No. (S/S) 1	 S/S EMG Cal al	 Lbs

25
Not Use

26
EMG

Data Sa;^pi

2
orce

II Data
$cmphe

23
IG

Data
Scrple

129,
iG

Data
Sa.-nple I

8
o: ^°
Dcta

Sample

9
1G

Data
Sample

^^

!	 ^i

a
12^

Fo,•ce
Dctc

Scmole

133
EMG
Data

Samp le

2G
Force
DGiC

,Sampla

81
EMG
Data

Sam I^
!—^

Force
Dcta

Sam le

32	 R^
E1v1G
Data

Sa:nble

^

^ 32 33
^-

33 34 33 335

Force EMG _ Fo; ce ^ EMG Fo-co G

Data Data Dc^a Datc
I

Data Dcta
....	 ^ .,.	 ., . Sa ;^	 le Sa.r le Sam (e Sample

.35 36
G

°
Force

^ 37
^ Elv1G

S3
E^1G

3.^
Elv1G	 I

__^

once
Dcta
Samp le

Data
Sample

_	
—^ Dara

Sample
Datc

(Sar,.ple
^ D :ta

Sample
Dcta
Scmple

^ -.
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FiCADER RECORD FOR PSD OUIf'UT

Word '^ 1 -Subject Number

2 -Experiment Month

3 -Experiment Day

4 -Experiment Year

5 -Digitizing Monl^h

b -Digitizing Day

7 -Digitizing Year

8 -Flight Reference Day

9 -Run Number

)0 - Anulog Tape Number

11 -Sample Rate for EMG Signal (Samp/sec)

12 -Sample Rate fo^^ Force Signal (Samp/sec)

13 - RMS Amplitude of Sine Wave Cal (ir

14 -Not Used

15 -Amount of Force Cal

16 -Start Hour

17 -Start Minute

18 -Start Second

19 -length of Data Slice (sec)

20 -Muscle ID Number

21 - ^ of Following Records with PSD Val

22 - 25 -Not Used

1

n

.^

•
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C^ATA CARD FORMAT

r ors± Card In Data Card Deck

cc: 1 -5	 Number of data slices (max = 200)

Data SI i ce Cards

ec: 1-3	 File data slice located in (00 to 99)

cc: 4-b	 Data Type

1 = Force Cal

2 = EMG Cal

3 = EMG Data

4 = Force Data

HR start time of data slice

Min start time of data slice

Sec start time of data slice

Filter switc{^

-1 = No filter

0 = Filter 60 Hz

1 = Filter 60, 180 and 300 Hz

Length of data slice in seconds

Force data or cal -any integer number up to 120 seconds

EMG Cai - 1 , 2, 3 0: 4 seconds

EMG Data - 1, 2, or 4 seconds

Plot switch

0 = Plot data

1 = Suppress plotting

Print switch

0 = Print data

1 = Suppress printing

B-3

cc: 7-9

cc: 10-12

cc: 13-15

cc: 16-18

cc: 19-21

cc: 22-24

cc: 25-27

..

t.
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	cc: 28-30	 Averaging interval (force and EMG data cards only)

Force Uata = over any number of seconds up to the length
of data slice

EMG Data = (Frequency smoot{tiny only) any integer number
up to 400

	

c: 31-33	 Force signal gain with respect to force calibratio.i (force
crn-ds only

	

cc: 34-36	 Muscle Type (cal data cards only)

1 - 3rachial F3icep	 _

2 =Brachioradialis

3 = Gastrocnemius

4 = Soleus

4-4	 ----
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APPENDIX C

P^1AIN PROGRAM FLOW CHART
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1
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^^

A

7

Z

" Filtcr :.t o
EbiG Dat^_

^^

Call OUT6(^

Call F:;G

^calc Dana
Trztearat^^

='lit	 ^^„
rr.u3 rats.

ti-

Call Gr..'^P:'

_:all FFTPSn

Caluc^_ilat::
^sn

Fic:ur^ 1C

ORIGINAL PAGE IS
OF POUR ^UALI1'Y
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TAaLE OF FORMULAS

1 . Force Calibration Var i ab) e (counts/pound)

	

FORSLP = (H/20 - L,/20)/FLaCAL	 ^--

where	 H = sum of san^E^les for one second of force calibration level

L = suin of sam^^les for one second o^ z^r• o ^o;ep level

f LBCAL = amount of force calibration in pounds

2, EMG Calibration Variable (counts/microvolt)

	

^^ 2	 .
EMGAL - ^, X. /(NPTS-1)/MAGTUD

	

e J r	
•_

where	 ^X.	 Sum of data values squared

	

r	 ^--

NPTS = number of EMG cal signal sarnples

ti1AGTUD-= RMS voltage of EMG cal signal

3, Mean Square (Variance)

	

EMGVAR = ^,X? /(NPTS-1) 	 ^`
r

where	 ^;X? = sum of data values squared

NPTS = number of data points

	

4. Simpson's Rule (without error term)	 r

VOLTSEC = H/3 (2SUM0-+ • 4 SOME -Data (1) +• Data (n))

where	 H = spacing between the data values 	 •-

D -1	 ----

^i

^:
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1
SUh1Q = sum of tl^e odd numbered data values excluding first data value

SUME = sum of the ever rumbered data values excluding last data value

Data (1) = first data value

Uatc^ (n) = last data value

n

5.	 Scaling of EMG Data (microvolts)

SEDATA(i) _ (USEDATA(i) -OFFSET)/EMGCAL
^ _

where	 USEDATA(i)	 =	 i tl^ unsealed data value

OFFSET	 = DC value of EMG data array

EMGVAL	 = EMG calibration value 	 .-.

6.	 Scaling of Force Data (pounds) 	 ----

SFDATA(i) = (USFDATA(i) - E3ASE) •GAIN/FORSLP

^ where	 USFDATA(i) = i th unsealed force data value
i

BASE	 = zero force level

GAIN	 = ratio of force calibration gain to force data gain 	
.__-

FORSLP	 = force calibration variable

7.	 Discrete Fourier Transform	 F

N- 
i	 nk

X(n)	 x(k) (EXP (-j2 ^ /N))	 n = 0,	 1, ....N-1
^^
.^
K=0.,^

where x (k) = k th value of untransformed data	 ;

n	 = number of data points	 '-

^ L -2	 T
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7

8. Power Spectral Density (magnitude)

PSD (n) = 8H/NPTS [Re(X(n))2 + Im (X(n))2J

^_

where	 H = spacing between data samples

NPTS = number of data samples

P,c(X(n)) = real part of n t{ ' Fourier transform value

th
Im(X(n)) = imaginary part of n Fourier transform value

9. E^q^ected (Mean) Value of PSD

EXPVAL -^ F (PSD(n) - PERCNT(n)/100)

where PSJ (n)	 value of n tl' power spectral density bandwidth

PERCNT (n) = percent of total power contributed by n t{' bandwidth

F = center frequency of nth bandwidtl,

10. Standard Deviation of PSD

STDEV =,^(F- EXPVAL) 2* (PERCNT(n)/100)

where EXPVAL = expected value of PSD

PERCNT (n) = percent of total power contributed by n th bandwidth

F = center frequency of n th bandwidth	 r

^-3

;-
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APPENDIX E

EXAMf'E_F OF EMGAN INPUT CARD DECK WITH PLOTTED

AND PRINTED OUTPUT
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^VJ.•OF UATA SLICES= 11.^

t?ATA SLICES^

r.-
00 1 27 ul U	 -1 30 0 1 0 1 0	 0 0 0
O1 2 17 lu 22	 - 1 ^ 0 0 v 0 3	 0 0 0
O1 4 I7 lb to	 -1 20 0 U 1 4 0	 0 0 0

C1 3 !7 16 ^^	 -i u v 0 10 0 0	 u 0 0
-:^ O1 u! 7 to S5	 -1 20 C ti; 1 2 0	 0 0 J

O1 3 17 11 1	 -1 ^ U 0 lu 0 0	 0 0 V
O1 u 17 17 35	 -1 70 0 V 1 1 0	 0 0^ 0

O1 3 17 17 ul	 -1 u 0 C 10 0 0	 C 0 0

O1 3 l7 17 ^7	 -; u 0 ^^ 10 0 0	 G 0 0

71 3 17 19 lv	 -1 4 0 0 1C 0 0	 0 0 0
-s 1 3 17 in 31	 - 1 u 0 G lu G 0	 0 0 0

3

3

9

r	 i	 ^	 n 	 ^	
a /---

1
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4^

CANUiQVASGULAW LAhu4ATUkt

EMS -DATA-PkUCESSING-f+1+UtrkAM

ti

SUBJECT NU.:	 4u

RU:^ NG.:	 3

MUSCLEi	 GASTROCNEMIUS

^4G SAMPLE RATE (SAM?/SEC): 1000

+** MEAUEFI INFO ►9^"4TIUh•*•

EXPERIMENT DATE:	 bi28/75

ANALOG TAPt NO.:	 9

FURC^ SAMPLE RAZE tS AMp /StC):	 20

FLIGHT REFEwENCE DAfi F-15

uIGITIZING DATE:	 ei29/75

•* CALIERATI^N ^oTA *•

FORCE ^a^

CAL wEiGMT (LBS): 	 98.0

EN.G CAL	 ^^

--•---

FMJ AMAIiTUDE (NiCROVOLTS): 350.

COUNTS/Ltls	 3q.	 AVG. 6ASELINE COUNTi -3662.	 CAL GaINi	 1.	 ----

COUNTS/MICROVOLT: b.uu

ti
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1
2
3
u

S
b
7
8
9

1C
11
12
13
14
IS
16
17
lb
19
20

*** FORCE p4T4 ***

Ti^"c- 17:10:16	 DATA LEwGTr (SECS)- 20	 AVERAGE FGRCE INTERvA^ (SECS)- 1.

INTEkVAL	 AycRArE FUkCE (CBS)
--------	 -------------------

0.0
U.0
O.G
0.1

G7.7
vl.l
4 1 .'1
41.5

	

'_	 41.x+

uQ^4
u2.5
u2.2
µ1.3
41.b
42.3
41.6
21.7
O.0

-J.0
G.0

N



••• NOwEk SPtCTRA^ DENSIir UP t"'G JATA •*•

START TI^"E- 17:16:22

BAN^wIDTn (nZ)- 9.766

MEAN ( nZ)- 149.2

OATH ^EnGTM	 (SECS)-	 4

nU ►tMALIZtu	 S f Ar^L'ANU tk(<OR- u. 159

STanUAkO	 UEv1A1IUh(r+1)- 80.t+

ANEW PSG NSu

u.yy 1.39H U.030b
14.65 6.7eb O.IuA?
24,41 15.15 0,3319
34.14 25.153 0.507?
43,95 18,558 0.u0h5
53.71 30.225 O.bo?1
o3.utl 3u.u^0 0.7uS2
73.24 27.169 O.SG51
6.01 u5.bS2 1.6000
92.77 32.585 0.713?
162.54 39,ubS O.tl0u0
112.30 42.109 4.9224
122.07 V0,91u 0.84be
131.84 45.400 0.9945
lu1.t0 39,421 0.9635
151.37 u3.S97 U.aS50
161.13 36.9x1 0.8103
170.90 34.635 0.7u5^
160.ob 20.584 O.u510
140.43 21.723 O,u7Sd
200.20 23.014 U.5Cu1

^ C09,?b 21,384 O.S998
219.73 20.216 O.u42d
229,.,a 35.688 0.3x36
239.25 17.412 0.3814
249.02 13.422 0.2940
e5tl.7? 9.829 0.2153
268.55 30.347 0.2271
278.32 9,tl21 0.2151
2btl.09 b.L'11 0.1317
297.45 8.662 O.1b47"
307,62 7.959 4.1743
317.38 6.416 O.Iu05
327.15 5.909 0.1294
336.91 7.134 0.155e
346.68 5.590 0.1224
356.45 3.610 O.Od03
366.21 4.024 O.OflQI
375.99 2.574 0.0564
385.74 2.234 O.oug9
395.51 1.670 0.03be

INTtGkA1tU EMG lNiIRUVOLT*SEC)- 0.2676E 3

1Nft^++A1tD PSU l N^ll.«OVULT* R2)-	 0.7890E

EMb vak1ANCE ( M IC^uvGt,t • ^2;-	 O.BOIuE u

X Uh CUM	 ;^

TUTA(. iG1AL

0.11 u.1T
U.tlu I.OI
1.69 2.8a
Z.tl7 5.75
2.30 tl.05
3.14 11.79
4,21 1e,00
3.Sb 19.36
S.b^ lS.u1
u,u3 29.05
u,tl9 53 .93
5.21 S9,lu

S .Ob 44.21
5.02 u9,tl3
u.btl 5.71
5.40 00,10
u.5A bu,btl

4.21 otl.tl9

2.55 71.44

2.09 74,13

2.85 70.99

3.39 eu.37
z.su tlz.e7
1.44 44.81
2.Ib 96.97
l.bb 88.63
1.21 89.84
1.Z4 91.13 ^
1.22 v2.35
0.74 93.09

•	 1.07 94.1e
0.49 95.15
0.79 95.94
0.73 9b.o7
o.9tl 97.55
O.e9 98.25
o.u^ 9e.7o
0.50 99.20
0.32 99,52
o.2a 99.79
O.c'1 100.00

I
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C
C
r

C

C
C

C
C
C

C
C
C

C
C
C

DO 2a0 I.1.NSLICE

GO GET DATA CARD INFO FOR PP.E^cNT DATA SLICE

CALL SEGLD (i)
CALt CINPUT (IVARSiJ,NSLICE,I.START)
SPAN-FLOATtISPAN)
IF(DTYPE.Efl.^) FDGAIN-FLOAT(IFGAIN)

CHECK TO SEc IF CALIBRATION DATA ACCUIRED BEFORE PRGG^SSI*+G FIRST DA^a
SLICE

IF (DTYPE . Efl . 1) FCALSId-1
IF(DTYPE.Efl.2) ECALSW-1
IF(DTYPE.Efl.3.AND.ECALSW .NE.1) iJNGA-1
IF(DTYPE.Efl.^.AND.FCALSW NE.l) WHOA-1
7F(WHOA.Efl.1) GO TO 98

GO GET THE DA i A FRO`1 TAPE

CALL SEGLDc2)
CALL TINPUT(DTYPE.FILNOL^.FILNU'1.START.NSECS)

DcCIDE WHERE TO GO FOR EACH DATA TYPE

GO TO c^0.1a.30.?®).DTYPE

FILTER 68 HZ FOR ECG CALF

10 iF(FILTSW.Efl.-1) GO TO Z0
CALL OUT60 (DTYPE,NSECS.FILTSW)

CALCULATE CALIBRATION VARIA8LE5 OF Li?G OR FORCE DATA

29 CALL SEGLD(3)
CALL DCAL (DTYPE,NS"cCS.IFGAIN)

^.	 .r
	 r ,

r
^'
^,

r

C

i	 ^



^^^ ^ .^
^:^:: /--

^,
	

PLOT E^1G OR FORCE CAL DATA^
^.

25 IF^PLOTSW EQ.1) GO TO 26
CALL SEGLD(4)
CALL GRAPH (DTYPE,START.NSECS,SPAN,STDERR)

C
C
	

PRINT OUT HEADER
C

2E IFtPRNTSW.E0.1) GO TO ?90
GO TO 90

C
C
	

F I ATE:-c-c o8 HZ FOR E^iG DATr+ SL.Cc?
C

38 IFtFILTSW EO -1) GO TO 40
CALL OUToO (DTYPE,NScCS,FiLTSW)

C
C
	

SCALE Ei"IG DATA, CALCULATE INTEGRATED VaLUE AND '1EAN SQUARE uAL:fE
C

40 CALL SEGLD (5)
CALL E^1G ( N:^ECS , VOLTSEC )

C
C
	

PLOT E^1G DAT,^ ON CO"1PUTEK^
C

IF(PLOTSW.E0.1) GO TO SO
CALL SEGLD(4)
CALL GRAPH (DTti'PE.START,NScCS.SPAN,STDcRR)

C
C
	

TAKE THE FOURIER TRANSFORM OF THE DATA AND FIND PSD Ur TO 400 HZ.
C

50 CALL SEGLD (6)
CALL FFTPSD ( NSECS ,SPAN , PSDSU^1. S T DEr?R )
DTYPE-S

C
C
	

PLOT THE PSD ON THE COMPUTEK?
C

IF(?LOTSW EO 1) GO TO 64
CALL SFGLD(4)
CALL GP.APH (DTti'PE.START.NSECS,SFAN.STDERR)

J



.,...arc:	 ^ ^	 ^	 ^	 ^	 +^	 '	 ^.'	
^	 1	 ^	 ^ ^ ^	 r ^

!^

^^ PRINT OUT RESULTS ON LINE PRINTS R
^,

60 IF(PRNTSW E0.1)	 GO TO 200
GO TO 90

C
C SCALE FORCE DATA FOR PLOTTING AND AUERAGc 	 IT FOR PRINTING.
^^

,4 CALL SEGLD	 ( 5 )
CALL FORCE	 (DTYPE,NSECS,SPAN.FDGAIN)

C
C PLOT FORCE DATA ON COMPUTEK?
C

I F (PLOTS^J . EG . 1 ) 	 GO	 TO	 80
CAtt SEGLD(4)
CALL GRAPH	 ( DTYPE.START,NSECS.SPAN,STDERR)

C
C PRINT OUT FORCE DATA ON LI'^F PRINTER?
C

80 IF(PRNTSW.E^.1)	 GO TO 200
90 CALL SEGLD(7)

CALL PRINT	 (DTYPE,START,N5ECS,SPAN,VOLTSEC.PSDSUM.STDEKR,u^+OA)
200 CGNTINUE

END
SUBROUTINE CINPUT	 (IVARSW.NSLICE,I,STAQT)

C
C SUBROUTINE CINPUT AOUIRES THE CARD DATA AND STCRES IT ON A RAD FIt^
C
C ARGUMENTS	 IVARSW- ARRAY HOLDING THE VARIABLES AND SUI'CNES F02 E4C^^
C DATA SLICE	 tScE EOUIVALE yCc STATERENTS IN RAID
C PROGRAM)
C
C NSLICE- NUMBER OF DATA SLICES IN PRESENT RUN
C
C I	 -	 IDENTIFIES PRESt:NT DATA SLICE BEING PROCESSED
r'

C START - BEGIN TIME OF PPESENT DATA SLICE
C

f

_ ^-^



r	 '...'	 ...^'
.^:

j;?; '^; r

^ ^-

J- ^l^

DI^1ENSi0N IVARSW(10),ICARD(200.15)
DIMENSIGN IRDI0^10),IRDF(6)

COMMON DATA(85a0),IHEAD(20l,CAL(2,4)

EQUIVALENCE (ICARD,DATA(i))
DATA IRDIO(i) i'RD'i
DATA IRDF iZ4000.'RD',1.60@0.0.01
%ALL DEFINE (IRDF.IRDF)
IF(NSLICE E0.0) GO TO 30
GO TO 60

C
C
	

INPUT NUMBER OF DATa SLICES AND REaD DATA SLICE INFO FOR FREStNT RUN
C

30 READ(105,20) NSLICE
WRITE(108,35) NSLICE

20 FORMAT(I5)
35 FORMAT(iHl,' ^^^^ DATA CARDS *^*^',^^i.'
Ai^,SX,'DATA SLICES'.ii)
IFtNSLICE GT 200) GO TO 100
DO 50 J-1,NSLICE
READ(105,40) (ICARD(J.K),K•1,15)

40 FORMAT(i5I3)
WRITE(108.40) tICARDtJ.K),K•1,15)

50 CONTINUE
CALL OOPEN(IRDIO,ICARD,3000.1,8)
CALL OWRITE(IRDI0,3000,INDIC)
CALL QCLOSE tIRDI0,2)
GO TO ?90

NO OF DATA SLIC^S•'.IS.^

C
C	 INITIALIZE uARIABLE= AND SUiTCHES FOR EAC y DATA SLICE
C

60 CALL COPEN(IRDIO.ICARD.3000,0,0)
CALL OREAD(IRDI0.3000.INDIC)
CALL QCLOSE (IRDI0,2) 	 i
IvARSW(1) • ICARD(I,2)	 ^
IVARSW(2)-ICARD(I, 1)+1	 i

STAP.T • 3600 ^FLOAT(ICARD(I,3))+60 AFLOAT(ICARD(I,4))+FLOATtICARD c I.	 +
AS ? )

I^^aRS^^ c 3) = ICaRD c I .6 )



+^' l

____	 r...	 ..-

^^--^	 '^ ►_..." "fir"' . _.

^.	 -

IVAR^W(4)=ICARDtI,7)
IVARSW(5)=ICARD(I,8)
I^)ARSWt 6) • ICARi (I . 9 )
IVAP.SW c 7) • ICARD c I , i0 )
I'.'ARSW (8) • ICARD (I , 11 )
IMEAD(16)=ICARD(I,3)
IuEADt17)•ICARD(I.4)
IHEAD(18)•ICARD(I,5)
IHEADci9)•ICARDcI,7)
IF(IVARSW(1) -2) 90,90,290

90 I NE'AD (29) -ICARD (I . 12 )
GO TO 200

100 WRITE(108,110) NSLiCE
110 FORMAT(iii,' ERROR. 	 READ NUM$ER OF DATA StICES TO BE',I6,'

SOT HAVE MORE THAN 200.')
STOP

200 RETURN
END
SUBROUTINE TINPUTCDTYPE FiLNOW,FILNUP1,Si=RT,NSECS)

CANN

C
C
	

SUBROUTINE TINPUT KEADS FORCE AND Et1G DAiA IN FROM TAPE.
C
C
	

CALLING ARGUilENTS	 DTYP^ - DATA TYPE
C
C
	

FILNOLI- FILE ON TAPE CL'RRE'^TLY 3E;NG ACCESSED
C
C
	

FILNUM- FiLC ON TAPE 1SHrRE DESIRED DAiA IS LOCATED
C
C
	

SMART - TIh^ IN TOTALED SECONDS Or BEGINNING OF
C
	

DESi^ED DATa StiCE
r
C
	

NScCS - NUt'13c^ OF ScCOi^DS OF DATA TO BE READ

C
C

INTEGER FILMOVE,FILNUM,DTYPc",FILNOW
DIMENSION INTP(10),IARRAY(535)
COi1MON DATA (8500) , I HEAD (20) . CAL t 2.4 )
EQU I ^.^ALEr^CE c I ARRAY , DATA c 8230) )



_.. •. _... _^.. 1.. ^	 _ -

I^^TP(1 )•b

CALL QOPEN (INTP.IARRAY,535^2,0'+

s... s
^ .,-1 ,^ ^

^^
	

POSITION TAPE AT THE BEGINNING OF THE DESiPE^ DATA FILE
^_

IF(FILMOVE LT 0> FILMOUE•FILMOUE-1
CALL QFSKIP (INTP,FILMOVE,INDIC)
GO TO (300,5),INDICi4
IFtFILMOVE LT.0) CALL ^FSKIP tINTP,I,INDIC)

S IFtFIL^^^OVE.LT.0) FIL'lOVE=FILMOVc+1
FILMOUE-FILNUM-FILNOI^
FILNOW•FILr'OW+FILMOVE

C
r
	

POSITION TAPE AT THE 3EGINNING OF THE DATA SLICc.
C

CALL FIND (FILNUt^,START,INTP)
r
r
	

DECIDE WHERE TO GO FOP EACH DATA TYPE
C

GO TO (10.50,50,10),DTYPE
C
C
	

ACGviRE FORCE CAL OR FORCc DATA
C

10 JJ•1
	

-- -^

DC 39 J-1 , 2:^IScCS
CALL DREAD (INTP,535,INDIC)
IF (INDIC NE . 0 ) GO TO 23c^
DO 29 K•Z7,535,51
DATAtJJ)=FLOAT(IARRAY(K)i8)
JJ•JJ+1

20 CONTINUE
30 CO^IT i NUE

IF^DTYPE EQ 1) GO TG 1000
GO TO 150
	 ^_

r
C
	

ACQUIRE EMG CAL OR EMG DaTA
r.

50 JJ=1



^;.

^^

nc	 '^	 PG'r='.	 .h..

a- ^^
ri

^ .::'.^1; ^.E
^ • y Y .j

-^ f

^ i iL i^^a^ i• ^-^

DO 80 J=1,2*NSECS+i
:,ALL QREAD (INTP,535,INDIC)

IF(INDIC NE 0) GO TO 200

D^ 70 K^1.10

DG S0 KK, = L , L+58

IF' (KK . EQ . L+1) GO TO 60
DATA(JJ) n FtOAT(IARRAY(KK)i8)
JJ-JJ+1

6a CONTINUE
70 CONTINUE
80 CONTINUE

IF(DTYPE EQ.2) GO TO 1000
150 IBACK--(2*NSECS+2)

CALL OSKIP(INTP,IBACK,INDIC)
GO TO 1000

C
r
	

ERP.OR MESSAGES
r

200 FILNUM-FILNUM-1
WP,ZTE(108,?10) INDIC,DTYPE,FILNUM

2i0 FORMAT(///,' ERROR...INDIC-',I-^,'DURI^lG INPUT OF DATA TY^F',i^,' L
eOCATED IN FILE',I4)
STOP

300 FILNUM=FILNUM-;
WRITE(108,310) FILNUM

310 FORMAT(///,' FATAL ERROR...EOT ENCOUNTc;:EJ DUPING ScARCN FOR FILL'
A,I3)
STOP

1000 CONTINUE
CALL QCLOSE (INTP,O)
RETURN
SUBROUTINE FIND (FILNUM,START,INTP)

C
C
	

SUEROUTINE FIND POSITIONS THE TAPE AT THE BEGINNING OF A DATA SLICE
C
C
	

CaLLING ARGUMENTS	 FILNUM- FILE ON TAPE WHERE DATA SLICE IS LOCATED
G



C	 START - TIME IN TOTALED SECONDS OF THE BEG?'Ir^Ir^ r, OF
^^	 DESIRED DATA SLICE.
^^

INTP —CONTROL BLOCK FOR GiNOUT TAPE ROUTINES
C	

____

Di^iENSION INTP(10),IARRAYt535)
INTEGER FI LNUM
REAL NOW
COMMON DATA(8500),IHEAD(20^.CAL(2,4) 	 __

E .̂^UIVALcNCE(IARRAY,DATA(8230))
IFASS=0r

C	 READ EACH RECORD AND COMPARE ITS TI`1E LABE:.	 WITH THE	 START TIME
C

10	 CALL	 GREAD	 (INTP,535,INDZC)
IF(INDIC.NE	 0)	 GO	 TO	 20
NOW=3600.*AI3S(FLOAT(IARRAY(2)))+60 ^AES(FLOAT(IARRAY(3)))+AES(FtOA

^T(IARRAY(4)))
IF(NOW.NE	 START)	 GO TO	 10 ^

C
C	 ACGUIRE THE HEADER	 INFORt'1ATi0N FOR THE PRESt*+T DATA	 SLICE
C

DO	 15	 J-1.15
IHEAD(J)=IARRAY(J+S)

15 CONTINUE
_

CALL	 OSKIP(INTP,-1,INDIC)
GO Tq 100

C
C	 DiD NOT FIND THE	 START TIi'!E	 fiEFORE ENCOUNTc" ? I NG AN EGF	 IF ONLY ONE FA SS
C	 NAS BEEN MADE THRU THE DATA	 RACY UP AND TRY AGAIN	 OTHERt^;SE.STOP3
C

20 IF(IPASS.EG 1) GO TO 40
CALL GFSKIPtINTP,-2,INDIC)
I F (I N D I C. E G 8) G O T O 3 5 	 .—___.^__

CALL GFSKIP (INTP,I,INDIC)
35 IPASS=1

GO TO 10
^0 FILNUM=FILNUM-1

_._.	 a



- -----	 ^	 _	 _. ^	 - - -j---
^.^^^,^..^ ,

- - - ^u... f --

WRITE(108,50) FILNUM
50 FORf^AT (///. ' _CANNOT FIND START TIME I^^ FILE' . I4 )

STOP
100 CONTINUE

RETURN
END
SUBROUTINE OUT60 (DTYF^ NSECS,FILTSW)

C -- -
C	 SUBROUTINE OUT68	 iS N DIGIT NOTCH r" ILTER.	 DE?E'^DING ON THE DATA CARD

C	 REQUEST,	 ONLY 60 HZ	 IS RE;^IOVED OR ALL HARnONICS OF' 60 HZ UP TO 360 H2
C
C	 CALLING ARGUMENTS	 DTYPE - TYPE OF DATA

C	 N^cCS - NUMBER OF SECS OF DATA TO BE FILTERED

C
r	 FILTSW- S^;ITCH WHICH INDICATES WHETHER ONLY 60 HZ
C	 IS TO EE REhOVED OR ALL HARi^ONICS OF 60 HZ
C
C

INTEGER DTYPE,	 FILTSW
COi1MON	 DATA (8500) , IHEAD (20) . CaL (2 , 4 )
E^UIVALENCc	 (IRATE.IHEgD(11))
L00'S-1
TUOPI = 6.28318530717 - ^--
I F (FiLTSW E0.1)	 LOOPS-S
NPTS= 1024^NSECS
DO	 30	 J=1.LOOPS.2
A-0.0
*8.0 ^--

W•(60*J)^TWOPI/FLOAT(IRATE)
DO	 10	 K•1,NPT5
A=A+DATA(K)$COS(K^W)
B • B +DATA(K)^SIN(K^Li ^

10 CONTINUE
__

A=A^2 /FLOAT(NPTS)
B =B^2 /FLOAT(NFTS)

.	 DO	 20	 K•1,NPTS
DATA(K) • DATA(K) -A^COS(K^W)-B^SIN(K^W)

20 CONTINUE
__



,^,

^' ^	 —	 --	 -	 -	 -	 --' ^-	 - ar.^1...—

30 CONTINUE
140 RETURN

END
SUBROUTINE DCAL(DTYPE,NSECS,IFGAiN)

r

C SUBROUTINE DCAL CALCULATES THE SCALE FACTORS FOR THE FORCE AND Et1G LF^TA	 ^--
C THE CALIBRATION CONSTANT FOR INTEGRATED EMG AREA IS ALSO FOUND EMG
C T^+E CAL DATA IS THEN CONVERTED INTO UNITS OF POUNDS OR MICROVOLTS FOR
C PLOTTING ON THE CO^^lPUTE+C TERMINAL

C
C CALLING ARGU"lENTS^	 DTYPE - TYPE OF DATA
C
C NSECS - tE.NGTH OF CAL DATA
C
C

D I'^'ENS I ON	 H I CN (: 0) , LOU (1 @ ^ .POUNDS (260@ )
INiEGLR DTYrE.FL3CAL
REAL LOUSL'7
COF1f^ON	 DATA (85ae) . IHEAD (29) .CAL (c , 4 )
EGUIVALENCE	 (FLBCAL,IHEADciS)).cI,sATE,INcaDc „ ))
E^y UIvALENCE	 (^1AGTUD. INE!^D(13) ), (IC?S. IHEAD(14) ) . _—___..,
EOUIvaLENCE	 (POUNDS,DATACi))
IF(DTYPE.EQ.2)	 GO TO	 188

C
C FIND FCRCE CALIBRATICN vARIABt^S

CAL(i,i)-FtOAT(FL3CaL)
CAL (1 .4) • FLOAT (IFS,:AIN )

C

C L00!: FOR JUMP IN DATA TO	 INDIC:^TE FORCE COAL
C^_ -__--

BEGIN-DATA(80)
DO 10 J•81,29NSECS-fig
IF(DATA(J).GT.BEGIN+500.) GO TO 30

10 CGNTINUE
WRITE (108.20)

24 FORMAT(iii,'000LD NOT FIND THE FORCE CAt ___CHECK DATA SLICE TIMES
^!' )



_^.._ ^	 - _- __ ._,__.,^	 ^	 r.'s	 ^	 ---- --^	 --,- — ^	

'+ ^^-*-rte S

^-
STOP

^^

^^	 FOUND THE JUf1P, NOW COMPUTE THE AVERAGE BEFORE AND AFTER THE JUMP

C	 CAL WEIGHT IN COUNTS	 AVERAGE AFTER - AVERAGE SEFOPE
r	 FORCE SLOPE - COUNTSiPOUND
C	 ZERO FORCE n •AVERAGE COUNTS JUST BEFORE CAL JUMP
C

	

	 ,^
?0 HISUti-0.0

LOl^SUM • e . 0
DO 48 K•1,29
HISUi^ n HISU'1+DATA()+K +ba )
LOWSU^"^ • LOWSU^l+DATA(J-K-60 )

42 CONTINUE
FORSLP- (HISU q /29 -LOWSUM/29.)/FLOAT(FLBCAL)
CAL(1,2)-FORSLP
ZEROFOR-LOLiSUM/2E3
CAL(1,3)-ZE?OFOP,

C
C	 SCALE FORCE CALIBRATION DATA 	 _
C

DO 50 J n 1,z9^NSECS
POUNDS(J)•(DATA(J>-ZEROFOR)/FORSLP

50 CONTINUE
GO TO 290

C
C	 FIND E'!G CALIBRATION VARIABLE
C	 FIRST REi10VE ANY DC OFFSET I N THE CAL DATA
C

10@ SUi1 n 0.0
INDEX•1000^NSECS
DO 110 J-1,INDEX
SUt1-SUrt+DATA (J )

i10 CONTINUE
OFFSET n SUM/FLOAT(INDEX)	 __^^._
DO 129 J•1.INDEX
DATA(J)-DATA(J)-OFFSET
DATA(4000+J)-ABS(DATA(J)-OFr""SET)

lZ0 CONTINUE
	

i



aur.,	 wr	 -++n^	 +^^- ..r

_^ 1 ^ ŝ I ^ ^ 4 ^_ I

l^

	

^'
	

CALCULATE STANDARD DEVIATION AND CBTAIrr SCALE FACTOR. FOR ZERO "IEMN,
STATIONARY SIGNAL STANDARD DE^JIATION • Rr'1S VALUE

r
XSGUAR-0.0
DO 140 ,1 . 1 .INDEX
XSG!^AR • XSOUAR+DATAO )^^c

140 CONTINUE
Ei1GCAL • SGRT (XSOUAR/ (INDEX-1))/FLOAT t ^1AGTUn )
CAL (2 , 1) • FLOAT t ^!AGTUD )
CaLc2,2)•EMGCAL

C

	

C
	

SCALz CAL DATA FOR PLOTTING
C

DC 189 ^•1,INDEX
DATA (J) -DATA t J) iE^1GCAL

180 CONTINUE
230 RETURN

END
SUBROUTINE GRAPH (DTYPE,START,NSECS,Sr4N,STDERR)

C

	

C
	

SUBROUTINE G;^APH PLOTS ON THE C0^lPUTEK T"t^"'!INAL THE DATA SL.Cc BEi^1G

	

C
	

PROCcSSED ALONG WITH VARIOUS HEADER INFORi'!ATION.
C

	

r	 CALLING ARGU^"ENTS^ DTYPE - TYP^ OF DATA
C

	

r	 START - BEGIN TIi1E OF PRESENT DATA SLICE
C

	

C
	

NSECS - LENGTH OF DATA SLICE IN SECONDS
C

	

C
	

SPAN -AVERAGING INTzRUFL FOR PSD
C

	

C
	

STDERR- NOR('1ALIZED STANDARD ERROR FOR PSD ESTI^AT^ 	 -----^ -^
C

DIMENSION Z(15).DATEt3),POUNDSt2600),PSDN(410)
DIMENSION FREQt410),CALDATAt2900)
INTEGER DTYPE
COf^f10N DATA t 8500) , IHEAD (20) .CAL (2 , 4 )



^ "'
^ ^r	 +^	 ^r ^

-^	 ^---

_^.._ - - ^t:_

EQUIVALENCE cPOUriDS,DATaci)),rPSDN,DATF^(8000))

EQUIVALENCE (FRET,DHTA(5000)),(FLBCAL,CAL(1.1))
EQUIVALENCE (CALDATA.DATA(1)).(EMGMAX.DATA(8500))
EQUIVALENCE (FORMAX.DATA(8500))
5UB-FLOAT(IHEAD(1))
RUN • ^'LOAT(IHEAD'(9) )
DATE(1)•FLOAT(IHERD(c))
DAT^(2)•FLOAT(IHEAD(3))
DATc(3) n FLOAT(IHEAD(4))
^LBCaL•FLOATCIHEADc15))
SHCUR n FLOAT(IFiX(STARTi3600.))
S7IN•FLOAT(IFIX((START—SHOUR^3600.)i60.))
SSEC n START—SHOUR^3680 —Sf1IN^60
FItiISH n START+FLOAT(NSECS)
FHOUR•FLOAT(IFIX(FINISHi3600.))
F^!IN n FLOAT(IFIX((FINISH—FHOUR^3600.)^S0 ))
FS "cC •FINISH—FHOUR*3600.—FMIN^sB.

C
C	 INI'
C

CALL
CALL
CALL
CAi_L
CALL
CALL
CALL'
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

^ZALIZc PLOT AND OUTPUT HEADER INFORf!ATION

INI'AL (Z)
^IODSET(Z.4, 18 )
MODSE.T (Z . 5 , 10 . )
OBJECT(Z,75.,1008.,100.,??0 )
IdORDS(Z.660 ,780..16.' 	 ')
IdORDS(Z,100 .30..4.'SUB:')
NOQDS(Z.-^^9 ,30.,16.'EXP DATE 	 i i ')
^O4DStZ,340.,30 ,4.'RUN:')
NU'1BER(Z.660.,78@ .SHOUR.2.0)
NUMBERtZ.696.,780.,Si9IN.2,9)
NUf1BER(Z,732.,?80..SSEC.2.0)
NUMBER(Z.?80.,788 ,FHOUR.2.0)
NUMBER(Z.816.,780.,FMIN.2.0)
NUMBER(Z,852.,780.,FSEC.2.0)
NUMBER(Z.168.,30..SU8.3.0)
NUMBERtZ.548.,30..DATE(1),2.0)
NUMBER(Z.584.,30.,DATE(2).2.0)
NUr1BER(Z.620..30..DATEc3^.2.0^

n



_	 _.

CALL	 NUf^BER(Z.830	 ,30	 ,RUN,z.0)

C
C DECIDE WHERE TO GO FOR EACH DATA TYPE 	 _____
C

GO	 TO	 (10.40,40,10,70).DTYPE
C
C LABEL AXES FOP, FORCE DATA
C ^	 --

10 CAL:.	 MODScT (^ , 2 , 1 . )
r^P ?S• 20^NSECS
PTS • FLOC: t (NPTS )
CALL	 WORDS(Z.13	 .380.,4,'LBS	 ')
CALL	 WORDS(Z.25	 ,355..2.'OF')	 __
CALL	 WORDS(Z.0.,330.,6.'FORCE	 ')
CALL	 WORDS(Z.450..55..16.'TIl1E	 IN	 SECONDS	 ')
IF(DTYPE.E^.4)	 GO TO	 30

C
C FINISH UP PLOT FOR FORCE CALIBRATION DATA	 -	 --
C

CALL	 WORDS(Z.100..?E0	 .16.'FORC` CALIBRATION')
CALL	 WORDS(?.350.,0	 ,26,'At10UNT	 OF	 F02CE	 CAL	 (L$S)	 •')
CALL	 NUMBER	 (Z.674..0.,FLBCAL,3.0)
CALL	 SUBJEC	 (Z.O..FLOAT(NScCS).0..200.) 	 __
CALL	 GRIDtZ.2.,25	 )
CALL	 LABEL(Z.1.2	 ,2.0)
CALL	 LABEL	 (Z,2.50..3.0^
CALL	 SUBJEC	 (Z,O..PTS.O	 .290.)
CALL ^tODtINEtZ.NPTS.I.POUNDS)
CALL BELL(Z)
CAtL PAG^(Z)
GO TO 90

C
C ^ INISH UP PLOT FOR	 FORCE DATA	 --^---
C

30 CALL	 WORDS(Z.100	 .780	 .10.'FORCE	 DF+TA')
F^tAX • 200 .
IF (FORf^AX	 LT . 80	 )	 FMIAX • 100
CALL	 SUBJEC	 ( Z, 0	 , FLOAT (NSECS) , 0	 , F^IAX )	 -	 ---



.R,	 ,.. _ _	 ... _....

_	 ^	 ^	 ^ '.

CALL GRID (Z 2 ^14 )
TICK=Z.+FLOAT(NSECSi31)
CALL LABEL (Z^1,TICK.3,0)
CALL LABEL cZ,2 20 .3.0)
CALL SUBJEC (Z,0 ,PTS,O ,F^IAX)
CELL MODLINE(Z.^NPTS.I.POUNDS)
CALL BELL(Z)
CALL PAGE(Z)
GO TO 90

• ^• ^-^ }

_.^•^:.:.^:^ .ti

^---- -

C
C
	

FINISH UP PLOT FOR E'1G DATA

C
40 CALL WORDS(Z,430 ,55

CALL MODSET(Z,2,1.)
CALL WORDS (2.0..440
CALL WORDS (2.0..410
NPTS-1900
SEC"1IL•FLOAT(1000^NS
IF(DTYPE EQ 3) GO TO

.,20,'TIME IN MILLISE^:,ONLS'

,6,'MICRO ')
.6,'VOLTS ')

ECS)
50

C
C
	

EMG CAL DATA
C

CALL WORDS(Z,100 .780 ,8,'E^lG CAL ')
CALL SUBJEC (Z,0 ,SECt1IL,-.000 ,10Q^? ^
CALL GRID (2.258..259.)
CALL LABEL(Z,1.590.,4,0)
CALL LABEt (2,2,500..5.0)
CALL nODLINEtZ,NPTS,NS^CS,CALDATA)
GO TO 64

C
C
C

Ei1G DATA

50 CALL WORDS(Z,100 .780 ,8,'Ei^1G DATA')
ULIM = (FLOAT(IFIX(Et1GMAXi500.))+1 )+500
ELM=-ULIt1
CALL SUBJEC (Z.0 ,SECMIL^BLIM,ULIM)
HACY.=ULIMi4
CALL LABEL(Z.i,500 ,4,0)



f -

CALL GRID (Z.250..HACK)
WNUM•ULIMi2.
CaLL LABEL (Z,2,WNUM,5,0)
CALL MODLINE(Z,NPTS.NSECS.DATA)

60 CALL BELL(Z)
CALL PAGE(Z)
GO TO 90

C
C	 FINISH UP PLOT FOR L SD DATA
C

r0 CALL WORDStZ.100 ,780..22.'POL;ER SPECTRAL DEiiSiTY'?
CALL WOP.DSt'L,490..SS..18.'FREflUcNCY IN HERTZ')
CALL WORDS (Z.0 .425..6.'MICRO ')
CALL WORDStZ.0..405 .6,'VOLTS ')
CALL WORDS (2,60..410 ,2.'2 ')
CALL WORDS (2.0.0.385 ,6.'X1000 ')
CALL iJORDS(Z.100..8..16.'BANDWIDTH (HZ) •')
CALL WORDS tZ.440..0..26.'NORMALIZED STANDARD ERROR-')
CALL NUt98ER(Z.232 .O..SPAN.2.2)
CALL NUMBER (2.824.,0 .STDERR,1.3)
CALL SUBJEC (2.0.,400..0..1.1)
CALL GRID cZ.25...05)
CALL LAEEL (2.1.25 .3.0)
CALL LABEL (2.2,.10001.1.1)

C
C	 CREATE X—AXIS FOR PSD VALUES
C

^^?TS•IFIXt499 iSPyN)
DO 80 J•1.NFTS
FREt^ t J) • SPAN^FLOAT (J )

80 CONTINUE
CALL tINES(Z.NPTS.FREfl.PSDN)
CALL BELL(Z)
CALL PAGE(Z)

94 P.ETURN
END
SUBROUTINE f^ODLINE (Z.NFTS.MODX.Y)

C
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SU?ROUTINE MGDLINE PLOTS A Y-AR?A^' OF DATA POINTS WITHOUT REQUIRING A
^.
	

CORRESPONDING X-ARRAY INSTEAD OF AN X-ARRAY,THE ARRAY POSITION GF A
^_	 Y-ELEMENT IS USED FOR THE X VALUE

GALLING ARGUMENTS	 ^	 - THE PLOT ARRAY
C
C
	

NPTS - Ti-+E NU?19ER OF POINTS TC BE PLOTTED
C
r
	

^10DX - X VALUE INCREMENT (X • i.EVERY Y POINT; X=2.
C
	

EVERY OTHER Y POINT; EiC.)
C
C
	

Y	 - THE Y-ARRAY
C
C
	

SPECIAL CONSiDEnATION^ NFTS^hODX SHOULD NOT ^E G^E^;iER THAN THE. :,ENGTH
'J
	 OF THE Y-AR^AY

C
DIMENSION Z(1S).Y(1)
CALL POINTS (Z.1.MODX.Y)
J?-IWRDXY (Z(2),1)
DO 70 I=2.NPTS
IY =I^MODx
XX = FLOAT (I^MODX)
GO TO (40.50),J2

^0 YY n WORDXY(Y,IY`
GO TO 60

50 YY=Y(IY)
60 CALL UCTOR(SCALE(Z,XX.a).SCALE(Z,YY,1).1)
?0 CONTINUE

RETURN
END
SUEROUTINE WORDS tZ.X.Y.NL,L)
DIMENSION Z(iS),L(S0).M(S0)
NW=NLi2
DO 10 I.1.NW

10 r'1(I)=L(I)
CALL PASTOR ( 0 , M , i^IW )
CALL LEGEND (Z.X,Y,M.NL)
RETURN

I
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END
SUfiPOUTINE BELL (Z)

CALL MODE (Z,0)
CALL OUT (7.1)
CALL SCRIBE
DO 10 I . 1,300 .
DO 10 J•1,60

10 K•I+J
CALL OUT (Z.1)
CALL SCRIBE

20 CALL IN (I)
IF(I NE.13) GO TO 20
RETURN
END
SUBROUTINE EMG (NScCS,VOLTSEC)

C
C	 SUBROUTINE EMG SCALcS EMG DATA FOk PLOTTING ON THE CCI^PUTER AND FINDS
C	 THE INTEGRATED E+^G VALUE FOR THE RATA SLICE.
C
C	 CALLING ARGUf1ENTS	 NSECS - LENGTN OF DATA SLICE
C
C	 VOLTSEC- INTEGRATED ECG VALUE IN 1^ICROVO:.TxSEC
C

INTEGER DTYPE
COf1MON DATAt85a0),IHEAD(20).CAL(?.^4)
EQU:VAL^NCE (IRATE.IHEAD(11)).(Ei1GCAt,CAL(^.2))
ECRU I VALENCE ( E7G^1AX .DATA (8560)) . (Ei1GVAR .DATA (3499) )
SU^t-0 . 0

C
C	 CALCULATE OFFSET. SU3TRACT FR0 ►1 DATA AND AP°LY SCALD FACTOR
C

DO 10 J•1.1024^NSECS
SUf^ • SUM+DATA (J )

10 CONTINUE
OFFSt^^ • SUM^cl02^ ^FLOAT(NScCS))
CAL(Z.4)•OFFSET
EMGMAX • 0 0
DO 24 J=1,1024^NSECS



C
CALL RFORT (DATA.NEXP.S.-1,IFERR)	 __

C
C	 CALCULATc RAW POWER SF^CTRAL DENSITY
G

K-1	 .--
DO 20 J-3.N+1,2
°SDC^)-8 ^!-4/PTS^(DATA(J)^^2+DA"A(J+1 )^x2)
K•K+1

19 CONTiiiUE
C
C	 CORRECT PSD Ar1PL:TUDES FOR ^i`lDO^^ RLDUC+IO^1
C

DO 15 J•1.N/2
PSDcJ)-1 1429^PSD(J)

^	 15 co,iTiNU^
t:
C	 OUTPUT RAW PSD TO TAPE
C

CALL PSDSAU^ (NSECS)
C
C	 CALCULATE SOOTHED PSD
C

F0-1./(PTS^'FLOAT(IRATE))
ICTaA n Ir iX t Sr^AN /FO )
SP^,N n Ft^JAT (i CTA) ^Fa

K=1
DO 39 J•1.N/2.IOTA
TEit°-0 0

DO 28 JJ n 1 . I OTA	 — ---
TEi^° ^ Tci^P+PSD (J+JJ - 1 )

20 CONTINUE
PSD(K)•TEMPiFtOAT(IOTA)
IF^FLOAT(JiIOTA)^SPAN.GT 400 +SPAN) GO TO 25
IF(PSD(K).GT.PSDMAX) PSDf^AX = PSD(K)	 ^-

25 KKK+1
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30 CONTINUE
G
C CALCULATE THE NOP^1ALiZED PAD
C

LiM =IFIX(-(08	 iSPAN)+1
DO	 40	 J=1 . LI"!
PSDN(J) n PSD(J )iPSDgAX

4Q CONTINUE
C
C INTFGPATE THz Sr UOTNE'D PSD
C

PSDSU;^=9.9
DO	 s0	 J • 1 . LI^1
Psasu^=^^DSU^ +s^^^+^^s^ tJ)

sa coNTINU^
r
C CALCULATc	 ^ cAC;^	 ^A*tDJ I DTN	 i S OP TOTAL A^lD r IND THE	 CU^?LA T; Uc	 X ^^^ ^'GTALr

On	 60	 J =i.LIt9
Pc.RCNT t J) - 5 ?AN^PSD (J) iPSDSU^°^^ 138 .
I^(J.Nc.i)	 GO	 TO Ss
CUi^lPCT (1) = PE^CNT (1 )
r,0	 Tt)	 6E

sS CUi3PCT t J) n CU^IPCT t J-1)+FE^C^^T t ,? )
5d CO^iTI^lUE

C
C CALCUt:a T E THfv ^^PECTED uALUE AND ^^Aa. ^ yC^ C	 TA=E LSD

C
F=S?AN^2.

EXPVAL•®.8
Dv	 79	 J = 1 . LIi^
EXPUAL • EXPVAL +(PERCNT(J)i10^	 )ter
F-F+S?Ay

7E^ coy T:HUE
r =S?ANi2.
UARVAL =0.0
DO	 80	 J=1 , LI^I
uaRUAL=UARVAL+(PEPCNT(J)i100	 )^(F-EXPVAL)^^Z

i
r

^'^.-r 1
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F= ►=;SPAN
Ep CONTINUE

^''DEU=SQRT(VARUALI
r
C	 FIND STANDARDIZED NORMAL ERROR
G

STDERR=SQRT(1 ^FLOAT(IGTA))
P.ETURN
END

Si.'390UTINc WINDGid t ^tSECS )
C
C	 SUBROUTINE l^INDOW APPLIES A COSINE TAPER TO TAE Fi^.ST AND LAST TE^+THS OF
C	 THE DATA TO P.EDL'CE LEAKAGE .
C
C	 CALLING ARGUMENTS NSECS - LENGT^i OF THE D^;TA
C

coMMO N DATAC8500),IHEADc20).CALt2,4)
PI=3.1415927
NPTS•1024^NSECS
I^DG^=NPTS/10
TTOTAL =1.024^FLOAT(NSECS)
K -1
DO 10 J=1,IEDGE

C1 n .S^(1.-COS(PI^T1/(.1^TTOTAL)))
DATA(J) n C1^DATAtJ)
uATA(NPTS-J11)-C1^DATA(NPTS- J+1 )

10 CONTINUE
RETURN
END
SUBROUTINE RFORT(A.f1,S^IFS.FERR)

C	 ONE-DIMENSIONAL REAL FINITE FOURIER TRANSFARfI
C
C
C	 FOURIER TRANSFOR'1 SUBROUTINE FOR REAL. DATA.
C	 PROGRAMMED IN SYSTEM/360 BASIC PROGRAf^MING SUPPORT,
C	 FnP.TRAN IV, (SEE FORM CZ8-6504).
C	 THIS DECK IS SET UP FOR IBSYS ON THE IBM 7094
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	^^	 TF1iS PROG^A^1 USES THE SUBROUTINE FORT TO CO"iPUTE COt^FLEX 	 _____ _

	

r	 F^^URIER TRANSFORMS OF REAL DATA	 PK FORT S.D.A NO 3465 IS
C	 AVAILABLE THROUGH SHARE
r

	

C	 THc FOURIER SERIES IS	
^ ^

	

C	 ►^	 _

	

C	 X(J) n SU?t OVER K-0 TO N, OF CtK?^EXP(2^PI^I^J^'KiN ) 	
o^	

J

	

C	 J n ;3.1.2, . ..N-1	 ^^

	

C	 ,p

	

C	 Vi-±^;'E 1 • SCRT t -+_) AND ^'^:^^ C: ;) IS COi^PL=:{ .	 ^ ,^^

	

C	 S ,, SCE X (J) iS REaL , C t ^) • CC^dJG (C c N — K) ) . TI;EREr ORE ONLY	 ^	 _t^
.	 C	 C (': ). K n 4, !.... , roi?	 CL^PU?ED ANDiOR USLD .	 ^	 -- ^,

C
^	 C	 Ai^GU^lE=4TS-	 --.

C
	C	 A IS It^ITiALLY T^?^ INP13T :^^tRAY, X, t^^+EN CC+^.^°U^Ii^iG A FOURIER	 _____

	

C	 ?'2^s^5rC i^ AND C ^rE:d C^r P^JTIN^ A FGu^2IEr^ SERIES A IS RE?LACES BY

	

C	 THE OUT^U T ARRAY . C i:3 .!E ^'C^^^ i CASE . X it'4 THE LATTER .

	

C	 TH= X VECTOR COi^TAFt^s T1E. ^^AL DATA X (9) , X (1) , ... , X (N-1 )

	

C	 TH= C VeCTO^ CON?.'At:4S Ti^^ C^v'^LcX FOURIER AftPLITUDES

	

C	 Ct31,Cti).....CtTifi). ^^ CG:'^PL_^X U£CTGR C IS STORED ACCORDING

	

C	 TO Tip £ nC^;'Al FGRT'3^Y4 ICJ CC^3V'c^4Ti0y FOQ STORING COMPLEX NUF1BERS .

	

C	 I.E.. ?EAL PA2TS IN ALi^RI~'AT= C^tLS STaRTiNG KITH THE FIRST.
	C	 I^?AGINARY r^A?TS IN AL'^'!fi'f^ C^LLS STARTI yG l.^IT'r4 THE SECOND .

	

C	 TO ^DHE2E TO FO zT;^^^i^ ^L^S. X i ^) . X (1) , ... , ARE REFERRED TO AS

	

C	 X (.) , :t t ^) , ... , R^SP . ZSi T H^ PROGRAMS .	 ALSO , C (9) , C (1) , ... ARE
^	 `°	 R^'Ec?sD i0 A5 C(? ).Ct^J..... ;'?cSr^	 IF C IS DESIGy ATED AS

	

C	 CdMPtE:t IN A TYPE S?A`ieS^i'^T .r

	

C	 ^ GTUES N-2^t^M

	

C	 _
	C	 THE ARGUMENTS S. IrS, ANJ IF=iir^. ARE T}ic SAME AS iN THE

	

C	 SU3;^OUTINE FORT A;iD TN£ USE IS PErERRED TO THE COt1MENT CARDS

	

C	 IN FORT THEIR EXPLANATION.
	C	 D I ^iENS i ON STATEi^ENTS- THE DICIENS IONS OF ARRAYS A AND S SHOULD

	

C	 EE N+2 AND Ni4, RESP FOR THE LARGEST N TO BE USED. FOR	 _

	

C	 EXAMPLE, IF THE LARGEST M IS 13. THEN, N^^8192 AND ONE SHOULD



-,. '^	 ^	 '^ ,^ _1

• ^	 .i

C HA^.^c	 THE DIMENSION S;ATEMENT-
C DIMENSION	 A(8194),	 5(2048)
C iF ONE WISHES TO SPECIFY A TO BE CO MF LE:^ BY A TYPE STATEME NT.
C ONE SHOULD GIVE IT A DIMENSION OF Nit +1 FOR THE LARGEST N

D I ^1ENS I ON A (8590) , S (1024 )
10 IFEKRS - 8

M ^N - ? .• "?1
NU2	 N / 2
NVaf'i	 N/^i	 —	 1
I"1 ^ 1	 ^	 —	 1
IF	 (ABS{IF3) - 1)	 40,$8.20

2fl IF	 (i'IF—^^)	 30.50.58
39 IFE?RS	 1
4D NP	 N

^o	 ^
CALL FC?T(A.M.5,0.IFERP.1)
IF^?'2S	 IFt ;QRS T	 IFE^R1

S^ KD - MP / N
K. - KD
NPU4	 NP / 4
I^	 cirs) sa.s®.s0

6O CALL FCRT(A.^^1,S.— ?,IFERR2)
IFE;YcZS	 IFERRS + IFzRR2
DO ?3 X•1,NV^iMi
J-NV2—

KKT	 •	 N^'V4—ACT
AWR-A2R3S(KKT)	 + A2IMS(iCT)
AWI	 -	 A2I:S(KKT)— A2R^S{KTi
A(2:K+1)•(A1R+AWR) /4.
Ac2^K+2) •(A1I+AWI)/4.
A(2^J+1)•(A1R—AWR)/4.
A(2^J+2)•(AWI—Ali)/4.

?0 KT-KT+KD
T=A(1)

...r .w .... -.:
''^ f-.. . ^..

1 r... . ^,. ._ _..

^l ^'a -



ail ^=(T+Ai2))%2
AtN 1 1i	 (T- A(2))i2
a^2)=0
A ^ N+2)	 0

:0 IFERR	 IFERRS
RETURN

90 DO 100 K • 1 , NU4f"1
J•NU2 - K

KKT = NPV4 - KT

A2R • AWR,^S(KKT) - AWI^S(KT)
A2I • AWR^S ( KT) + AWI^S^KKT)
A(2^K+1)	 A1R - A2I
A (2^K.+2 )	 Al I + A2R
A(2TJ+1) n A1R + A2I
A(2^J+2)	 A2R - AlI

100 KT - KT + KD
T - A(1)
A E I)	 T + A(N+1)
A(2) - T - A(N+1)
A(NU2+1)	 2.*A(NV2+1)

CALL FORT(A,MM1,S.2,IFERR2)
IFERRS = IFEP.RS+IFERR2
GO TO 80
END
SUEROUTINE FORT ( A.M.S,IFS , IFERR)

C	 FORT. ONE-DIMENSIONAL FINITE C07PLEX FJUR:ER TRA^SFO?N
r
r
C	 FOURIER TRANSFORM SUBROUTINE PP.OGRAt^MED IN SYSTE7i368,
C	 BHSIC PROGRAMMING SUPPORT, FORTRAN IU FORM C28-55A^
C	 THIS DESK SET UP FOP IESYS ON IBM 7094

--..-_--

^:.
,.
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IFERR IS SET
• 0 IF NO ERP.OR
= 1 I F t^ I S O U T
PRE-CO!' D UTED S
=-1 WHEN IFS =
UNNECESSARILY.

BY PROGRAM TO-
DETECTED.
OF RANGc	 OR, WHEN IFS-+2.-2. THc
TABLE IS NOT LARGE ENOUGH.

+1,-1. MEANS ONE IS RECOMPUTING S TABLE

^_
	 +! --

..^	 ..rn	 "`°,	 r..

—mow

a	 _._	 •_

FOES EiT^tER r%^uRIER S'T^^THESIS.I E .COMFLTES COMPLEX FOURIEP SEPIE.
G IVEN A VECTOR OF N COMPLEX FOURIEP AMIPLITUDES.OR, GIVEN A VE^TOP
OF COMPLEX DATA X DOES FOURIER ANALYSIS. COMPUTING AMPLITULES
a IS A COMPLEX VECTOR OF LENGTH N • 2^^M COMPLEX NOS. OR 2^N REAL
NUMBEP.S A IS 'TO BE SET BY USER
f1 IS AN INTEGER 0 LT M LE 13, SET BY USER
S IS A VECTOR S(J) • SINC2^PI^JiNP ), J • 1,2,	 .NPi4 -1,
COMPUTED BY PROGRAM.
iFS IS A PARAMETER TO BE SET BY USER AS FOLLOWS-
IFS n 0 TO SET NP-2^=M AND SET UP SINE TABLE.
IFS=1 TO SET N•r^P•2^^M, SET UP SIN TABLE, AND DO FOURIER
SYNTHESIS, REPLACING THE VECTOR A BY

X;J)^ SUM OVE? K • 0,N-1 OF A(K)^EXP(2^PI^IiN)^^(J$K).
J=9.N-1. WHERE I-SORT(-1)

THE X'S ARE STORED WITH	 RE X(J) IN CELL 2^J+1
AND IM X(J) IN CELL 2*J +2 FOR J • 0,1,2.	 , N -1.
THE A' S ARE STORED IN THE SAr`1E FIANNER

IFS • -1	 TO SET N•NP•2:+^P1, SET UP SIN TABLE. AN L' DJ FOURIER
ANALYSIS. TAKING THE IrIPUT VECTOR A AS X AND
REPLACING IT BY THE A SATISFYING THE A80Uc FOURIER SERI'c^
IFS>0	 SET UP SIN TABLE AND RETU.4N
IFS • +2 TO DO FGURIER SYNTHESIS ONLY, E,IIT!^ A PRE-CC^IPUTED S
IFS--2 TO DO FOURIER ANALYSIS ONLY, EDITH A PaE-CG ►̂ PUTED S

NOTE- AS STATED ABOVE, THE thAXIMUM VALUE OF ^^1 FOR THIS PROGRAFI
Or+ THE IBM 709a IS i3 FOR 360 MACHINES HAVING GREATER STORAGE
cAP aCITY. ONE MAY INCREASE THIS LIMIT BY RE^'.arT`"' •^ -•^

^ _ _.. ^

(^

^^
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C
C
C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C

C
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^'	 STATEMENT 3 BELOW B'r LOG2 N. WHEPE '^ I T^;E MA;^ NO OF

^:	 COr1PLEX NUMEERS ONE CAN STORE IN HI^aH- SPEcL' C^^FE	 ONE IiU:T

^_	 ALSO ADD MORE DO STATEf^ENTS Tn THE BIr,aRY SORT ROUTINE

^:	 FOLLOUING STATEMENT 24 AND CHANGE THE EQUIVALENCE STATEMENTS
^^	 FOR THE	 K'S.
r

DIMENSION	 A(8500).S(1024),K(15)

IF	 (M)	 20,20.10

10 IF	 (M-15)	 40,40,20
20 IFE?R n 1
38 RETURN
40 iFERR=0

N-2^^M
IF	 (IABStIFS)-1)	 440,440.50

C WE ARE DOING TRANSFORM ONLY	 SEE
C S TABLE IS SUFFICIENTLY LARGE

S0 IF	 (N-NP)	 ?0.70,60
60 IFERR n 1

GO TO 440
C SCRAf1BLE A,	 BY SANDE'S METHOD

70 K(1) n 2^N
DO	 80	 L•2,M

80 K(L)=K(L-i)i2

DO	 90	 L=M,14
90 K(L+1)•2

C THE FOLLOWING	 15 STA+-ErE^ITS ARE
C THE FORTRAN U C0+IPILER

K1	 •K(15)
K2	 =K(14)
K3	 -K(13)
K4	 =K (12 )
KS	 •Ktli)

K6	 •K(10)
K7	 =Kt9)
K8	 =K(8)
KS	 =K(?)
K10=K(6)
K11=K(S)

IF PRE-COMPUTED

TG COMPENSATE FOR A WEaKNESS IN
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K12•K(4)

K13 =K(3)
K14•K(2)
K15-K(1)
N2 =K (1 )

C	 NOTE EQUIVALENCE OF KL AND K(14-L)
C	 BINARY SORT-

IJ •2
128 J1 -2
110 J2 =J1
120 J3 •J2
130 J4 n J3
140 ^S -J4
250 J6 •JS
163 J7 -J6
170 J8 •J7
180 J9 =J8
190 J12'J9
200 J11•J10
z10 J12-J11
220 J13=J12
230 J14-J13
240 JI•J14
250 IF (IJ-JI) 260.270.270
260 T • A(IJ-1 )

A(IJ-1) nA(JI-1)
A(J1^-1 )•T
T•A(IJ)
A(IJ)=A(JI )
A(JI)=T

270 IJ-IJ+2
JI•JI+K14
IF (JI.LE K15) GO TO 250
J14•J14+K13
IF (J14 LE.K14) GO TO 240
J13^J13+K12
IF (J13 LE.K13) GO TO 2^0
J12•J12+Ki1

J



"^ ^ ^ ^ ^^ /
-^ - -- s = -r- _

IF	 (J12	 LE	 K12)	 GO TO 220
Jil n J11+K10
IF	 (J11.LE.K11)	 GO TO 210
J10-J10+K9
IF	 (JI^,^.LE.K10.)	 GO TO 200

J^	 n J9 +Ka
IF	 (J9.LE	 K9)	 GO	 TO 190
J^s•JB+K?
IF	 (JB.LE.KB)	 GO	 TO 180
J7yJ?+K6
I F 	(J7.L^.K?)	 GO	 TO 17a
J6-J6+KS
IF	 (J6.LE	 K6)	 GO TO 160
JS•JS+K4
IF	 (JS.LE.KS)	 GO	 TO 150
J^-J4+K3
I ^'	 ( Ja . LE . K4 )	 GO	 TO 140
J3 n J3+K2
IF	 (J3.LE.K3)	 GO	 TO 130
Jc•J2+K1
^^	 (J2.LE	 K2)	 GC	 TO 129
J1 n J1+2
I=	 (J1.LE.K1)	 GO	 TO 110
IF	 (IFS)	 220,20.300

C DOING FOURIEP ANALYSiS,SO DIU
2°0 FN	 N

DO 290	 I n i,y
A(2^I—i)-At2:I-1)

290 A(2^I)--A(2I)
C SPECIAL CASE — L'1

300 DO	 310	 I-1,N,2
T	 A(2^I-1)

Ac2^i+i)•T—AC2xI +i)
T n A(2^I)
A(2^I)	 n 	 T	 +	 A(2^I+2)

310 A^2*I+Z) n 	T	 —	 A(2^I+2)
I F	 ( M - • 1)	 20 , 30 , 320

BY N AND CONJUGATE



SE" POR L*Z
LE:^P 1.2
LExPi =2^^cL—i^
LEXP=8
LEXP =2^*cL+1)
NPL= 2^^MT
NPL - NPL 2*^—1
DO 390 L-2.M
SPECIAL CASE— .
DO 349 I.2,N2.t
I1=I + LEXP1
I?=I1+ LEXP1
I3 •I2+LEXP1
T=A(I-1)
a(I—i) - T +At7
acI2—i) - T—At]
T n A(I)
A(I)	 T+A(I2)
A(IZ)	 T—AtIZ:
T= —A(I3)
TI - A(I3-1)
A(I3-1)	 A(I1-1) —
AtI3	 )	 Atli )
A(I1-1)	 A(I1-1) +T
A^I1)	 A(I1	 )
IF (L-2) 389,380.358
KLAST•NZ—LEXP
JJ=NPL
DO 370 J•4,LEXF1.2
NPJJ=NT—JJ
UR-S(NPJJ)
UI=StJJ)
ILAST=J+KLAST
DO 360 I • J , I i.AST ,LEXP
I1=I+LEXP1
I2=I1+LEXP1
I3=I2+LEXP1
T=A(I2-1)^UR—A(I2)^UI

C
3^^^

r

r,

C
-,J ^

C

348
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ors ^r^
i

r^ ^^'. •-

I HRRAY (J) = 0
:('^ ^:^)NTINUE

^^n 20 J = 1 ^ 2^^

IARRAY c J ^ = INEaD ^. J ^

2a CONTINUE
NRECS=NSECS 2 '
IF(NRECS EQ 0) NRECS -1
IARRAY(21)•NRECS
CALL OWRI^TE(IOUTP.25,INDIC)

C
C	 OUTPUT FOLLOWING DATA RECORDS CONTAINING THE RAW PSD VAL:IES
C

K=0
DO 50 J-1,NRECS
DO 40 JJ=1,1024
DATA(4099+JJ)^DATR(K+JJ)

40 CONTINUE
CALL QWRITE (IOUTP.2048.INDIC)
K=K+1024

SO CONTINUE
C
C	 WRITE TWO EOFS AND BACK UR TO JUS ► 8E=0?E THEE
C

CALL OWEOF (IOUTP,I,INDIC)
CALL QCLOSE (IOUTP:0)
RETURN
END
SUBP.OUT? NE PR iNT ( DTYPE , START .NSECS . Si-AN . VOLTScC . PSDSU^ . STDERR , {:ri0

pa)
c
C	 SUBROUTINE PRINT OUTPUTS TO THE LINE PRINTER HE4DER AND CALI^P.ATION DATA.
C	 AVERAGED FORCE DATA, AND Si700THED PSD SPEC'RU+^
C
C	 CALLING ARGL`iIENTS 	 DTYPE - TYPE OF DATA
C
C	 START - SEGIN TI+1E OF PRESENT DATA SLICF
C
C	 NSECS - LENGTH OF DATA SLICE



—^ -.^i —^. ^	 ^ ....i .

_^

SPAN - FOP. FORC
AI^ER^GED
INTEPUAL

...di	 ^ ^	 r ` .-a ^	 ^ -.ril	 _-.w

---	
: , r1 /

E DATA NUMfiEP OF SECS ^^J p ':E LATA I^
OVER, FOR PSD DATA FFE^^U^^^:'%	 —
FOR SMOOTHING ESTIr1H'E=

VOLTSEC- INTEGRATED EMG VALUE ^ TIME DO!'1^:'^+ ^

PSDSUM- INTEGRATED EMG VALUE ^FPEGUENCY DOr1AIN)

STDEKR- NORi1ALIZ^^ STANDARD EP.ROP OF ESTIMATE FOp
PSD VALUES

UHOA - FLAG SET WHEN DATA PROCESSING ATTEMPTED
WITHOUT CALI$RATION

-^	 ^-•^

.^

+^

r

C
r°^
r ^o

r ox^C
C ^ ^
C ^
C
C

^

C
C
C
C
C
C

INTEGcR DTYPE.WHGA
DIME?^SiON IEDATc(3).IDDATc(3).MUSC:.E(?.4),IFORR(2)
DIMENSION AVGL3S(130).PSD(410).ITI^1E(3):PSDN(410).PERCNT(410)
DIMENSION CUMPCTt410)
COMMON DATA(8500),IHFAD(20),CAL(2,4)
EQUIVALENCE (ISU3N0.IHEAD(1)),tIEDAT^.IHE4Dt2))
EQUIVALENCE (IDDAT^.IHEADtS)).tIFLITE.IHEADt8))
EQUIVALENCE (IRUN,IHEAD(9)).(MUS.IHEAD(29))
EQUIVALENCc (IATAPE,IHEAD(10)).tISAMPE.IHEAD(11))
EOU IVALEtiCE ( I SAi'lPi^l . IHEAD (12)) , (AVGL35. DATA (5908) )
EQUIVALENCE (PSD,DATA(1)),(PSDN.DATA($209))
EQUIVALENCE cPERC;^T,DATAC700®)).cCU^PCT,DATAC75a0))
EQUIV,4LENCc cExPVAt.DATA(5509)).tSTDEV.DATAt658i))
EQUIVALENCE (E+fGVAR.DATAt8499))
DATA MUSCLE ;'BR'.'AC'.'Hi'.'AL'.' B'.'iC'.'EP',' 8'.'. '.'RA'.'DI

@','AL'.'IS'.'	 ',' G'.'AS','TR'.'OC'.'NE'.'f1I'.'US'.' S'.'OL'.'EU'e,,sf	 ,,
DATA IFORR ^' F','R+'i
IFtWHOA.EQ 1) GO TO 150
ITIME(1)=IFIX(STARTi3600 )
ITIME(2) = IFIXt(START-FLOAT(ITiME(1))^3600 )i60 )
ITIME(3)=IFiX(START-FLOAT(ITIME(1))^3600 -FLOAT(ITIME(2))^60 ^



_^ . ~ ^^-^

7 .^. 'Z-.— _^^^

_ _._

.^rwr	 r1
	 ...	 .e

^^

^,

C
^^

C
C

ERANCH TO PROPER PRINT (?UT SECTIOt^ rOP THE DATA TYPE

IF(DTYPE -4) S.Se.100

PRIr^T OUT HEADER

S IP•1
IF (IFLITE.GE .0) IP•2
WRITE(188,10)

iD FORMAT(iHi,//,48X,'CARDIOuASCULAR LABORATORY',//,47x,'Er^G DATA PRO
^CcSSING PROGRAM',/,47X.'---------------------------')
WRITE(108,20)ISU3N0.IEDATE.IF04R(IP), IFLITE,IRUN.IATAPE,IDDATE.(MU

@SCLE(J.MUS).J-1,7),iSAi1PE.ISArPM
20 F0^?MAT(////,47X,'^^^ HEADER NFORMATION^x*',///,' SUBJECT NO ^'. 7

@Y.,I3.18X,'EXPERIMENT DATE '.6X,I2,'/',I2,'/',I2.10X,'FLTGHT REFERE
^rrCE DAY^',A3,I3,//,' RUN NO.^',i1X,I2.19X,'ANALOG TAPE NO ', 7X,I
e3.24X,'DIGITIZING DATz ',6X,I2.'/',I?,'/',I2.//.' MUSCLE ', 9X,7A2
8 . // . ' Er 1G SAMPLE RATE ( SA^IP/SEC) ^ ' . IS , 8X , 'FORCE SAf1PLE RATE ( SA19P^
^SEC)^',IS)
WRITE(148,30)(CAL(1,J),J•1,4)

30 FORMAT(////,49X,'^M CALIBRATION DATA ^*'.///,' FORCE CAL'./.' ----
-----',//.' CAL WEiG.^iT (L3S)^'.F7 1,16X,'COUNTS%t8^'.2X. F 6 O.SX,'A

BUG BASELINE COUNT^',2X,F6 O,SX,'CAL GAIN ',2X,F3 0)
WRIT^(108.49) (CAL(2,J),J•1,2)

40 FOR7ATC/^/,' Ei1G CAL',,' -------',//,' RMS aMPLITUDE cMICR0u0LTS)
8 ',F6.0,7X,' COUNTS/MIC^OVOLT^',F5.2.ii)
GO TO 200

PRINT OUT FORCE DATA

50 WPITE(108.60) ITIME.NSECS,SPAN
64 FO^MAT(1M1.S1X,'^** FORCE DATA ^^^c'///SX,'START TIME — '.I3,' '.Ic•'

e ',I2,i5X,'DATA LENGTH cSECS)—'.I4,iSx,'A^^ERAGE FORCE INTEFVAt cSE

LOOFS•NSECS/IFIX(SPAN)
IF^LOOPS GT 49) GO TO 66
UPITE(108.6Z)



.'	 ^-

F^	 FORMAT c 47X , ' ItrTcR^JAL' , SX , 'AVERAGE	 FORCE	 ( LBS )' / , 47i^, ' --------'	 ^^= .

DO 65	 J=1,LOOPS _
WRITE(108,64)	 J,AVGLBStJ)

64	 FORMAT(49X,I3,i5X,F5.1)
65 CONTINUE

GO TO 200
C __ _

C	 PRINT OUT PSD DATA
C

E6	 IF((LOOPS/2)^2 NE LOOPS) 	 LOOPS•LOOPS-1
WRITE(108	 ,6a)

63	 FORMAT (15X,'INTERUAL'.SX.'AVERA(:E	 FORCE	 (LSS)'.20X,'INTERUAL'.SX,'
?AVERAGE FORCE	 (LBS)',/.iSX,'--------',SX.'------ ------------- .20X
^	 '--------'	 SX	 '------------------'	 //)
DO 75 J=1.L40PS/2
JJ=J+LOOPSi2
WRiTE(108.73)	 J,AUGLBS(J),JJ, gVGLBS(JJ) --- —

?3	 FORMAT(17X.I3.15X.F5.1.29X.I3,15X.F5.1)
75 CONTINUE

GO TO 290
10©	 WRITE(108,110)	 ITiME.NSECS.VOLTScC,SPAN,STDERR,PSDSL'^I.EXPUAL,STDEU

t,cMGVAR _
110 FORMATt1H1.39X,'^^^ PO:^cR	 SPECTRAL DENSITY OF EiIG DATA ^^^'///4X,'

2START	 TIME-'.I3^'^'.I2.'^',I2.11X.'DATA	 L^NGT4	 (SECS)-'.I4,14X.'IN
EITEGRA T ED	 Ei1G	 ( i1ICP,0VOLT^ScC)-' . E12 . 4//4X , ' BANDWIDTH	 ( HZ)-' . F 6.3.10
OX,'NORi^At?ZED STRNDARD ERROR-',FS.3,SX,'INT_G ►?ATED PSD	 (t1ICROVOt''
e^2)-'	 ,Ei3.4,/ /,ax,'nEgN	 cHZ) -',F6.i,i5X.'STANDARD	 DEViATiOy •------
e(HZ)-'.F6	 1,8X.'EMG	 VARIANCE	 (^1ICROVOLT^^2)-'.E15 	 4,/)
LOOPS-IFIX(400./S ?AN)tl
FRE^•SPAN/2
IF(LOOPS	 GT.46)	 GO TO	 130
WRITE(108.115)

I15	 FORMF.T(30X.'	 FREQ',13X,'PSD',i1X.'PSD'.laX,'X	 OF'.lOX.'CUi^	 'i,30X
e.'	 (HZ)'.8X.'(I^MV^^2/HZ)',8X,'NORM',9X,'TOTAL'.9X.'TOTAL'./. 	 31X,'

DO	 125	 J=1,LOOPS
lJP ITE ! 108 , 120 ) 	 FREO ,PSD (J) , PSDN (J) . PERCNT (J) . CUMPCT (J ) • - -	 ^ ^^^



-.^ "' —a1	 --air	 •dr	 ..	 ...	 ^_... ^^	 _... --^! ^	 ..	 -,.,.•..	 .^.,..
	

--^-- ;^. s. _^_

' ^_` F^^RMHT (30X , Fb 2 • ?'X.. G 12 5 3X , F6 4 , 7X , F6 2 , EX , E6 2 )
FR cO =FREG +SEAN

_" !: Or^TINUE
GO TO 200

1_0 IF((LOOPSi2)^2 NE LOOPS) LOOPS•LOOPS-1
FFE02=FLOAT(LOGPS;2)*SPAN +FRE(Z

WRITE(108,135)
135 FORMAT('	 F?EG^. 8X,'PSD', 9X,'PSD'.8X,'X OF'.6X,'CUr :I '. ,22X.'FRE^3

^', 9X,'PSD'	 8X,'PSD',8X,'X OF',6X,'CU"1 X'^c^X,'(HZ)',4X,'(i^MU:S^2^
@HZ)'.SX.'NORM',7X,'TOTAL',SX,'TO'SAL',22X,'(HZ)',SX,'(MMV^^2.^H2)',5
eX,'NORf1 ',6X,'TOTAL',6X,'TOTAL',i,'	 ---• - ',4X.'-----------',SX:'-- -
e-',7x,'-----',sx,'-----'.22x,'----',sx,'-----------' sx '----',sx,,	 ,
A'-----' ,6X '-----' i),	 ,
DO 145 J=1,LOGPS^2
JJ=J+LOOPS^2
WRITE(108,140) FREG.PSD(J),PSDN(J), PERCNT(J),CU^iPCT(J),FREG2.PSD(J

@J),PSDN(JJ),PERCNT(JJ),CUMPCT(JJ)
1 4 0 FORT^aT(F7 2.3X,G10.5,5X,F6. 4, 5X,FS.2,SX.F6.2.20X,F6.2,4X,G18 5,5X,

^^5 4,5X,F6 c,SX,F6.2)
FREt^=FREG+SPflN
FREQ2=FREQ2+SPAN

145 CONTINUE
GO TO 200

C
C	 ERROR MESSAOc
C

150 WRITE(108.150)
lE4 FOR^(AT(' EKROP	 DATA ANALY5iS ATTti1PTED WITHOUT CALIBRATE-NN ^I^ST

@	 CHECK DATA CARD ORDER.')
STOR

200 RETURN
END

P
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UEF l_ :33Dc' L S rt ? F:F' 7
DEF L :33L 1 L ;; M ;^F70
DEF L;u$4t. L 5 M 3176
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L`kF L:33A3 L S 11 ?.E'60
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APPENDIX G

NOVA SOURCE LISTING AND LOAD MAP



i	 i	 ^	 ^	 ^
## Rflrl;t**•X11 ***# tkkw4 * 4t,•,kirtft.: 1F*7t ktM1* ## 4: ► :^##**#*}•Fir **#*# 1^h*,t *#*** 7F*^fRR '4^#***

C
L

nurrrof<: 	^^t^_i_r.nc^	 r:,	 r,urz;;TF^
-.^ C

A C PuKPO5t:	 fU	 r^rtUVI^^E	 F11•iST	 UHuE ► <	 RcuuCrIUN	 uF	 Fh1G	 ANU	 FOkCE	 uaTA.

^3 ^t**^t*#,t*t**4****^l**h******,tier***^t*.****;t*****k***it****it^k*ic*ir**********fit*fr*ir*`
C
C

;.^ ExTERr,aL	 UVi ► UV^,UV3,UV4,UV5,UVb,OV7
liv'ft^Lrl	 DrYPE,FILMl,h1^FILTS'r„ F LUTSv^

^^ I^^TtGr_+i	 FCAI.Sv+	 ► ECALSw,1•.HUA,PH^JTSw,UVL

uI^^k^tiSIUN	 ITFILE(u)
CO^ihrU +J 	 JAfU'1514500),IHEAU(20),CAL(2,U)^1VARSA(10)

^.^ CONrNUi^/IGU/	 r^VU'iCLE(7,U),IrORi^(2)
ccvUIvALE:rvCE	 (()TYNE, IbARS^^(1)) ^ (FILrvUht ► IvAi2S.^r(2) )
EtaUIvALENI;E	 (FILTSr+,IVaRSv,(3) ), (NSECS ► iVai<Sr,(u) )

tCrUtVi^LE.vCE	 (NLUTSr^,IVAKS^,(5)),(PHNT5w,IVAkS,r(6))^^
tC^U1VALENCE	 (tSPAiv,I`iAHS^w(7)),(IFGAIN ► IvAk S^ti(6))

UVL=G
^? FCALS^'^=0
'^ kCALSr;=O

P+MUA=O

rasLlc^=o
^^ c

C ir•1lT1AL11_E	 i^IAG	 TAPE	 UNITS	 ANU	 UPEi^	 PSD	 OUTPUT	 TAPE	 FILE

C
CALL	 I'wIi	 ( "^•iT0",O,IER)
CALL	 IIvIT	 ("r•111",:),IER)
C4LL	 r^TUPI)	 (MTU ► "^^f1:0",O,IEk)

C
C OPEN	 OvERLAY	 F (Li=

^^ C

CALL	 U y OPN	 (OVLr"EMGAN.OL",IEa^)

C
^ L kEAD	 Iry	 DATA	 CARDS

C

CALL	 OVLOU	 (U^'L ► UV1,0,IER)
^ CaL ►.	 CIraPUT	 (rvSLlCt,i,START)

UV	 cUv	 I-1,ivSLICE
^° C

) C GG GET	 uATA OAHU	 INFU	 FUK	 PNESENT	 DATA	 5LICE
C

^. cA^L	 ^^vLOD	 cov^.,ovl,^),IER)
CALL	 CIrvPUT	 (r•+SLICE,I,START)
SP aiv =F Lt)n T (I SPn;^ )

„^ IF(uTYPc.E0.4)	 FUGAI^V=rLUAT(iFGAIIv)

C
^t C CHECK	 iU	 :,EE	 IF	 CALIBRATION	 UAIA	 ACQUIRED	 CEFOkE	 PROCESSING	 FIST	 DATA

C SLICE
^ C

1F (uTYPE.E:^. 1)	 FCALS'r^ =1
1F (u11'F'E.EcJ.2)	 E:CALS^••=1

^' IF (t'TtPc.tu.3.AiV).ECALSv,	 .rdk.l)	 ^'+>ti0A=1
IF (uTYrE.EU.^1.ArV,).FCi+LSv+.iv::.l) 	 wNUA =1
IF(i+11UA.Et^.1)	 v0	 TU	 90

s' C

C GU	 GE;T	 fNE	 DATa	 FRi]I^I	 TAKE

C



	

^	 i_	 1	 l	 I	 1	 r	 ._^
CALI. UVt.uU (^)VL,i+V2, c), IF F+)
CALL TIwNUf(UTrPE:,ITFILE,FILiJU^d,SfAKT,N5tCS,I)

C
	C	 UFCIUk iinERE TO GU FUR F.aCrl GATA TYPE..b	

C

^_>>	 C
^	 C	 F ILTE+^ 60 NL	 FOFt t`MG CAL'?	 ,

C
lU IF (FiLTS:•+.i:(^.-I) ^^U TU 20

GALL UUTbU (U i YNEr^`+Sr.GS,F ILT„w)
^'. `	 C
;^	 C	 CALCULATt CALIa^tATIOr^ vARIAHLES OF EMG OR FUKCE UATA.

C
^	 2U C+aLL UVLUD IOVL,UV3,U,IEk)

CALL UCiiL (UTYPE,"SECS, IFi;AIN)
C

—^	 C	 PLUT Er^iG UR FO^tCE CAI. DATA?

C
IF (^'LUTS^'^.^'^3. 1) GO TO 25
LaLL UVLUD (t)VL,Uvu,OrIER)

^•'	 CALL UkAPN (UT YF^t,S 1AhT,NSF.CS,SPAW,STUERR)
_	 C

	

C	 PRINT vu r hitHULF2 t
(;

25 IF (r'i:id i S^^.E^J. 1) GU TU 2U0
.^	 G0 'f0 90

C
	C	 FiLTE.i^t bu HL	 FUR EMG GATA SLICE?

C
^	 30 IF (FILT3^':.EiJ.-1) GU Tt) 40

CALL' UvTbU (^)f YPE,N;iFCS,FILTSrV)
C

	r,	 SCALE EMG D.ATa, CALCULATE IrvTEGRaTEU VALUE Ai^o r<^EAN 50UARE VALUE
w

u0 CALL 4Vl_UU (tJVL ► U•J5,U,IE ►^)

GALL_ ti^iG (iJSEC5rVJLT5EC)
C

	

c	 PLO f Et•1G oaT r^ ?
c

IF(F'L0T54'+.Ei^.l) GU ^fU 50
CALL uvLiJ ►̂  (ovL,clvu,o,IER)

)	 CALL Gt^APN (UTYPE,STAkT,NSECS,SPArd;STDERR)

C
^	 C	 TAKE THE FUUf2IEk TRANSFORM OF THE UATA ANU FIND PSD UP TU u00 NZ.

)	 C
50 CALL UVLG^ (U`/LrOVb,0,If•.K)

1^	 GALL FF iF'SU (t^SECS,SF'AN,?SuSUMrSTUERR)

i)	 UT'ff'E=5
C

^	 C	 PLUT Tiff: f SU '?

C
IF (PLUTSr^.E^. I) GQ TO 60
CALL OVLUU (t)VL ► C)VU, U, IER)
CALL GRAPH (U^fYPc,START,rJSEC5 ► SPANrSTUERR)

C
	C	 PRINT OU.T KE:iULTS UN LINE f'FtINTEN?

^^	 C
bU IF(i-Ri^lTSW.EU.:) GU TU 200

GU TU 9U
^'	 C

	

C	 SCNLt FUFiL't GATA FUR PLGTTIN^ AND AVEkAGE IT FUH PRINTING.

C



',

^• ^^
^;

^^

r
t

70 C^^LI. UVLUI) (t)VL,OV`^rOr Ih ►<)
CALL. FUIi(.L (U11NErivSi:CSrSPn(v,(=Uti/^!.^^)

C
L'	 PLUf F^U+lCt UA1A 7

C

CaI.L tiVLUf) (U'vL,UV^irUrltii)
CALL GRnPn (JfYi^ErsfarifiP,SLC:ir:iNArV,SfDERrt)

C
C	 PRINT UUT FORCE DATA Ord LIr^+E NRIfv^iEK'?
C

ti0 Ir (Pkr^T5 ► •^.Ecv. 1) GU TO 200
y U CA^.L UVL()U (uVLr(!V7rUr IEk)

CALL NUuT (+)TYF'Er,7TAHTrVSECS,sPArv,VULTSEC,PSDSUr^,STDE12Rr^`If+Oa)
2U0 CUty 1 twUk

CALL RL51: ("`•1 f 0"r IER )
C^1l.L t^LSf» ("r•1T1",Ikit)
C y Ll. CLOSE (OVI.r IEk)
EP^U

A

a:^,,

n

3

,flip`

n

T Y

.^

^Z

7

'^ l



i

_a
-.

uV Ei +LP^Y	 UV 1
sut^r<uUl lrvr	 CINr^uT	 (N5LICE ► I,3rAf21 )

c,^
.r C SUtiRUUTi^vE. CINPUT	 AtaUIRE5	 llik	 CAkU	 DATA	 APaO	 ST^)KFS	 IT	 U r!	 a	 t%AU	 FILE

C

C A^?Gllit[:ivl'•'i2	 ^;iL.[CF_ • 	iv Ui^•rj 	 tt	 U.`	 DATA	 SI	 JCI::i
^ C

C I	 -	 lukh^TlhIES	 PRESErIT	 UArA	 SLICE	 dElrvr,	 f NUCES5EU
C

'R^ C STARr	 ^	 tsk61N	 TI^•^F	 OF	 F+ RESI:PIT	 uATA	 SLIi:E
C

^^ Dlr^^c ras^ ui^ 	 ;ca ►?^(zuo, ts)
Cu^^rlUtd	 UATU"5(U^UO),IHkAD(^0),G^3L(2r4) ► IVARS^',(10)

' CUt•1N^UN/1Gu/	 ,^IU:iCLE(7 ► u) ► IFURR(^)
EtiU.IvALE^Vt:t 	 (.(CAKU,UATUh^S(1) )

a Iw1r:GEK	 CUR,USK
— LPI=12

CUK-^)
u5K =1
1r (ivSLICE)	 124rZ0,60

^ C

^ C I^,f'U^I'	 t^UP13EFZ	 CF	 DATA	 SLICES	 Ar2U	 kEAU	 UA.TA	 SLICk	 I^JFO	 FOft	 PFESErvT	 RUN
C

*^ i?U F;EAU(CC^R,30)	 ^J3LICE
3Q F(iK^^1Ar(IS)

wf21Tt(Lf T, 35)	 ►vSLiCE
35 Fui<r-^aTCiHi,'	 * k *^t 	DATA	 CAkUS	 ***k',///,'	 rv0.	 of	 DATA	 SLICES=',IS,/

^!^ w//r5x^'DATA	 SLICES'r//)

iF (RSLiI;E.iT.^OU1	 GU	 TU	 1G0
iF (i',5L10E.LT.1)	 GU	 TU	 12U

rckAU(Ci)^?,uu) 	 (1C^1KU(J,K),K=1,15)
40 FUk L̂! A T (l X, A^, 14I 3 )

y ►';RITF(LPT,Ut3)	 (ICQRU(J ► K),K=1,15)
5U [:OivT Ih^UE

CALL	 FUPEN	 (OSKr"ICAF^G"6000)
•^ YaFtITE	 BIIiAFtY	 (D5K)	 ICARV

CALL	 CLOSE	 (l)S^(, IEF?)
GU	 TU	 ^UU

C

^ C INITIALIZE	 VAKIAiiLES	 ANG	 SWITCHES	 FUR	 EACH	 DATA	 SLICE
C

-1 bU CALL	 FGPEry	(DSf<r"ICARU"6000)
BEAU	 f3itVARY	 (USA()	 ICARU
GALI.	 CLOSt	 (uSK,IER)

' IvAFtS^^(1)=iCdt2U(I,Z)
,^ iVntiSri(Z)=ICARt1(I,1)

STAr<T=36^u.*FLijuT(iGw!^U(1 ,3))+60.* FLOAT(ICARD(I,u))+FLOAT(ICanD(Ir
aS))

IvARS.v(33=IraRp(I,o)
^ IVAN,S:v('^) = ICA ► 2!)(I,7)

' 1vARS^^(5)=iCARU(I ► Ei)
IVAF:S^•r(b)=IC4RD(I,9)
IVARS^Y(7)=ICAkU(I,10)
IvAkSv:(3)=IGAFtt)(I, 11 )
INEAt)(lb)=lCARD(I ► 3)

^ Ih+tnUi17)=ICakD(I ► u)
) IhtF^D(1S)=ICaf2D(I ► 5)

IhEAU(19)= jt:AFiU('.17)
IF(IVAh2S^1(;;-^)	 90^94^200

^^ ^)U IhEADf^O)=ICa^tU(Iilz)
GO	 lU	 2u0

-•. C
--	 -.... _z r	 .	 __	 ._.. _	 .__	 _	 _._.	 .._ _
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^.^

^^

^^

c	 EKF<uFi r^^k55^iGi:3
C

lu0 t^f<ITr.(I_NT, l lt)) rJ:it,ICE
llu F^Urt•tltf(///,' F: AT4L Ei^HUR...^tEa{) fJUrltfEFt OF DATA SI.ICES^TU EIE'.lb^'.

5 (^.^ r'
1^0 ^^r<IlE(t_P1, 1SJ) '^i,lll:C
134 rokrY^ar(///, • rAT,1(. E:tiHUR...^tEaU ^ OF UnTn CAkUS t0 Bt r•+EG^^TIvE.

a`u OF SLICES= '^Ib)
STUI^

X00 1F(I.EN.WSI_ICE) CnLI. Gr"II.Y^ ("ICARU",IEE2)
kETU^r^

f tiu

i^

^^

ORIGIIVAI, PAGE LS
OF 

POUR QUALI'!y
I

^'



' c^v[:nLa^'	 uv^
SUt3RUUfIriE"	 TI'tPUf(uTYPEr1(FILE,FI(.^^U^•1rSTARTrNSECSrI)

r.

^^ C 5U6RUl) T 11^E	 T 11vNU T	 i^EAU5	 F URCE	 ^^ +U 	Eil(;	 Ua T a	 IN	 F RVid	 T Ar^E .
r„
C -	 ..CAt.LjIvG	 Aitt;'!-'!-_^^il^S	 U1Yr^	 Untl^	 TYPt:

^' C
C 1TFILE.••	 FILE	 CUr^RE1LTLY	 dEli^tG	 ACCt=SSE p	Ota	 TAPE
C '

•^ G FILNUt•1^	 FILE	 Ot•1	 TAPE	 Y+HE ►<E	 DESIRED	 UATA	 IS	 LOCAi
C

^,^ C START	 —	 TIME	 Iry	TUTALEU	 sEGOr+US	 OF	 hEGINNING	 OF
C UESiRFU UATA	 SLICE
C

C NSECS	 -	 tvUhikiER	 OF	 SECO ►vUS	 OF	 DATA	 TO	 t3E	 READ
-/ C

C I	 -	 UATA	 5LICt	 tvUh',tiER
C

) 1r,TE(^EK	 FILrvUM,OTYPE
uI^hENSIUra	 IARKa'f(536),ITFILE(4),1Tit+.E(3)
CUn^^,UrT	 DAfU^tS(U500),1NEAU(2U),CAL(2,u)rIVARS,ti(1G)

^^) l:U'•ti•tOw/IGIJ/	 ^tUSC! F(7,u),1FOF^R(2)
El+U1Vl+LEhJCE	 (IAKr{AY,i)ATUi•^S(N^3U)i,(ITItrE,IAkRAY(2))
LrT=1^

) h.Ti=S
^ IF^EAU=103GK

IGGU^)=^1105K_,,)
idREC=UOOOOK

C
C

_
CiiECK	 TU	 SEE	 IF	 U[~SIRFU	 FILE	 iS	 CURREivI'LY	 BEir+G	 ACCESSED.

C 1^'	 NUTr	 ExCE:PT	 UiV	 FIRST	 UATA	 SLICE	 CLOSE	 F+ RESE,VT	 FILE	 iiE^^URE
C r)PEiVi`rJG	 Iv E.`+	 ONF.

C

IF(I.EGI.I)	 GO	 TU	 1
IF (F1Lr^U^S.EGI.ITFILE(3))	 GU	 TU	 5
CAI. I.	 CLUaF	 (^^tTI, iEk)

-^ 1	 1TFILt(1)="r^1T"

ITFILE(3)^=^ILivUtd

C

^^ C POSITION	 faPE	 AT	 THE	 dEGIivNIi^^G	 OF	 TnE	 OESIkEU	 DATA	 FILE.
C

CALL	 MTUPU	 (MTI,ITFILE,OrIEH)
iF (IER.r^t. 1)	 GU	 TO	 300

L^^ c
C FUSITIOt^	 TAPE	 AT	 THE	 dEGINNItdG	 OF	 THE	 DATA	 SLICE.

F" C
..^ S	 CALL	 FIrJU	 (FiLNUP^rSTART)

C
C	 DECIUE r+HERE TO GU FUR EACH DATA TYPE.

	

^^	 C
GU TO (1Gr50,50,10),UT'9PE

C

	

'	 C	 ACGrU1RE FORCE CAL UK FORCE DATA

C
10 JJ=1

raktCS^2 *r+SECS
UO 3L` J= 1 r ^V!2EC5
CALL MTUIU (^^1TIrIREAD,IARRAY,ISTATrIERrr)YrRUS)
1F (IER.NC.1 .UR.IS1AT.rvE. iGUuD.UR.NwF2i)S.wE.535) GO TO 200
GU 2U K=Z7,535 ► 51^'^
Ualura5(JJ)= FLaAT( nt^RAr(K)) /a.



r

I
.`

'i l

^^

c
„%	 c

C

JJ'=UJt1
2G CUr.T INUE
SU c;Ur,T inuk

Ih (G T YNL.E.W. 1 i u0 f':) 1000
uu ru i50

ACr^UI ►<E. E^^G CAL UH kr^+G DATA

:^

1

a

I,g)

C

C
C

^")

50 JJ=1
NntC5=2t^^rSEC3+1
UO 80 J-1,NRE:C3
CaLL NTUIa ( r•' TI,I^^EaU,IARknr,ISTATrTtrl,^vivRUS)
IF(IEK.iVE.1.Ui2.I5TAT.hE.IGUUU.UR.N^'^RUS.NE.535) GO 10 200
^o ^o K=1,lu

^.SU =L +50
UU b0 KK =I.,1.50
IF (r^K.E^a.l,•^1) GU TU 60
UATU,ti^S(JJ)=FLUaT(InKKAY(KK))/8.
JJ=JJ+1

60 CUP,TINUk
7U GU^^ITINUE
60 CUrvTlrvUt

IF(UTYPE.E^^.2) GO T(l 1000
15U It.+r•+CK=IE3ktC+2i^N5tC5t2

CnLL r^TuIO ('+1TI, Iiii^CK, IARh2AY, ISTAT ► Itk)
^U 10 1000

ERRUR r^ESSAGE:S

20U r'+RITEt_I.PT, 210) UTYPE,FILNUM,ISTAT,IEfZ,rdt^riUS,IrIM(;
?l0 FGnt-'AT(/!/," FATHL, tKROFt...UUftIPJG ir^r'ui OF DATA TYPE",IZ, "I'^ F1LE

o1 ",A2,/,lUX,"r^tP^ STnTUS(8)= ",OIB, /,10X,"FURTRAh! EFRO R= ",I 7r /,10X,"
Uu uF ►^or^US i^E^^u=°,Ib,/ ► lox,"UATa TlhtE=",ux,3i3)
STUP

300 ►rFiltE(L^1,31U) IE^t,rILNUM
310 FU ►1r^1AT(///," f^ATAL EF2RUR...FUkTRAN EiiKUR CUL`E=",I3 ► " UURING SEARCh

a FUF1 FILE ",Ai'.)	 r
510P

1000 CONTINUE
RETURI+I
END

'	 ^'^



5UtiltUU Elrvt 	Flr: t)	 (E'IL^^Ut •i,STAkT)
C

L' SU» ►^uuflrlE	 f:NU	 c^u5iTIUNS	 THE.	 TAPE:	 AT	 THE	 iit:^irVNING	 OF	 A	 pATa	 SLICE.^
C
C CALi.l^`ry	 n^2G^1 ;•t E:.vT:isr'1l.wU;•t-	 FI^t:	 Ur'1	 t^n"E	 t•,s^fkt	 DnT,^	 St.ICE	 I i	 Lt)r,

C START	 -	 TIr•tE	 I r)	 iUTALEL`	 5rCUNU5	 UF"	 1HE:	 bEGIivWjr.
C DESIkEU	 UATA	 SLICE.
C

^'' C
iAtt ►2AY (536)

f^
UI^tE^1SI0W
I^`ITFGLK	 FIL^^IUM^

^ HtAL	 NU++
^ CUhir+'^0!`I	 uATUr^ia(^l50U),Ir+t:AU(20),CAL(2 ► u),IVAl^S^,(10)

CU!^ir^ON/IGU/ 	 htUSCLE('I,4),IF:UkH(2)
FtJulVALEr^Ct	 (lAFt ►tAYrUA1Ui^'5(u23U) )
!PASS=U
LPT =12
MT1=3

IEUF=-13273 ►(
' IFFILE-3U000K

Idr ILE.=uUUOUK
lk"caU=1U3OK

C
^? C KtAO	 EACH	 FtECOi^i)	 AND	 CUrAPAkE	 ITS	 TIME:	 LAf^t:L	 4vITH	 THE	 S"TART	 TINE:.

C

10 C ►+LL	 a1TUIU	 (^tr'I, It<EAU, IArcRAY, IST SS T, IER).,
IF (ISTAT.E^),IE:UF)	 Gc)	 TU	 20
NOv► =3bUU.*A^:^(FLUAT (lAt^t2AY(2)) )t6O.*AE35(FLGAf (IAhiRAY(3)))tAEs5(FLUA

mT(IAKri,^Yt4)))
^ IF (tvU^v_.lVt:.:iTAt2 T)	 GU	 TO	 10

C

C ACNUIkE	 THE	 NEAUER	 INFUhtMATIUN	 FUR	 THE	 PRE:5E:NT	 UATA	 SLICE.

UU	 15	 J=1x15
IhENU(,l) =iAi^RAY (Jt5)

^ 15 CUivT liVUt
^ IEiRE:C^IdFILE^I	 .

CALL	 MTUIU	 (l^ITI,IdREC ► IARkAY,ISTAT,jER)
GU	 TU	 lU0	 .

r Ĉ Uiu	 .JUT	 FIldD	 TriE	 SfAkT	 TIr^'E	 E3EFORE	 ENCGUN"(EKING	 AN	 t:UF.	 IF	 UrvLY	 ONE	 P•
^:^ C hAS	 t3Etiv	 MADE:	 TNRU	 THE	 UATA,	 EiACK	 UP	 ANO	 TRY	 AGAIN.	 UTNER1vISE,STUP)

r 20 IFtIPASS.kGI.I)	 GQ	 TU	 40
UU	 30	 J=1,2

,, SO CALL	 MTUIU	 (MTj,It+FILEriAFtRAY,ISTA(^IE:R)
CALI.	 r•iT0I0	 (N,'f I, IFF ILE:, IARRAY, 15TAT, IER)
IFA5S=1
vu	 TO	 to

^t0 Hk1TE(LPT,50)	 FIL^VUM
j 5U FORIfAT(// /,' 	I;AWrVOT	 FIND	 START	 TIME:	 IN	 FILE	 ',A2)

STOP	 .
100 CUNT li`tUt

^ trkTURN
ENU

r^



i n
i..,

,^

^fi:,

_)
^.'

4^

4'
.'

5.

r'
^)

r
>^'^

f}
".)

^)

7
f^)

i

c

(:

C
C
C
C
C
C
(:

su^^couriht I,ur^o ((^r^.^l:,c^;;c:cs,c^ILTS..)

SUBK^JUTINE UurbO I5 A OIGI1.^11. roU1Ch riLTLh. UFHE^.OIr,r, Ut+ TNf~ U^^Ta l;n;^.
t^tt^lJF S i , U^VI.Y bU H^ I S ►1k1-^})VEG UIZ AI.L ► ,ar<r^orvlCS OF b4 ► tZ UN TU 350 '

I;ALt_lirl ► 	 r.;t;U'}i^.'1i5:	 i1T /^ '.	 •.	 7 lNT.	 (il	 !)^^ Tip
MbtC^ — r^UN6t ►t OF StCS OF CATA Tu uk F IL1triEU

FiLTS:v^ 3f^iTCN t•^HICh ir^I:IC A TES t',NF THER UMLY bU
I5 TU Hf» KEr^UVEO GK ALL fiAR;'Or+IGS GF b0

IP^TEIiEii i^T YPE r F ILTStV
CUM^^IUrI ^)AT^JMS(^^aOU)^INFAU(20)^CAL(2iu) ► IVARSW(10)
CUrar•^Ur^l/IG r)/ r^USCLl:(7 ► 4) ^ 1Ft1 ►^ft(2)
tc^t.'IVaI_EivCf (!RATE., 1HEAU (11) )
LUUPS=1
T^^UNI=b.2831^3530 717
IF (F ILTS^..tt.. 1) L^^UF5=5
r;PTS=1024*IVSECS
UU 30 J=1^LOUPS,2
A=0.0
E:=0.0
1^+=(bU*J) *T^iUPI/FL[]A T (IRATE)
uo t o K- 1 ,r^,NT s
A=AtUATU^^^S(K) *CUS(K *l'I)
CaBtUA TUNS (K) *5I^`I (K*^'+)

10 CUi^TIi^^UE

UO 20 K=1 ► ^iNTS
uislUi^} 5(^<)=UATU^•15(rC)-N*CU5(K*H)-d*:ilrv(K*}'I)

20 CGNTINUE
30 L'Ur+T INUE

HETUftN
tiVU

il1RIGIlVAL p^^; ^.

^F POOR QU^L;TT^'



_^	 a_
^Vf=f:LNY	 UVS
5U ►̂ hUUTI^+E	 UCa^_(i)fYf'E ► M5ECSrIFGAIN)

L

'^° C SUbIiUUT1i^E	 UGAL	 CaLCULA fks	 ff+k	 SCaLE	 rnCTVFS	 rrC^k	 ThE	 rORCE	 AivU	 Er•iG	 UA
c rr^	 CaLI^^?a^^ [^)a	 cc!^.:.^ti^r+t	 Fr^.t	 .(r,1i:^_;;+^',f	 ^:	 ':'^^^	 ,^^^l:a	 1:^	 ,^(.'.^;	 ^^+^uf^iU.	 t..;..

C 7+'E:	 CNt»	 1:^1T^^	 t;3	 i'i^r.l • ;	 C.triL +i^^.i^l(:.t:	 ii^Tl)	 U+lf^	 Uh	 rutiivi::i	 UK	 t'1%r^UVUi..TS	 f•Ua<

^ C PLUfTiwG	 UrJ	 THE	 CU^'NUTEK	 fkh^i4l^'^aL.
C
C CALLIi^G	 AKGU^tt̀ ^JTS:	 DTYPF	 -	 TYPE	 OF	 DATA
C

C NSECS	 -	 LE.NGTH	 OF	 CAL Ua f A

' c
-^ C IFGAtfd^	 GAIN	 APPLIED	 TU	 FORCE	 CAL	 SIGNAL

C

C

.^ GI'^tEP15i0iv	 htIGH(10) ► l.Uw(10)rPUUNUS(2bt)0)
ItrTtGEf2	 DTYF'ErFL^3CAL
kkNL	 LUr75UM

' CUMr^iON	 uAT +Ji°tg(X500)rIHEAU(20)rCAL(^ru)rIVARS^^(10)
CUM,^^ON/iGU/	 !^1USCLk(7r4) ^IFUhEl(^)

^ Ei.UIVALE'•+CE	 (FLdCAL, IHEA p (1`^)) r (Ir2ATE ► XNfAL`(i l) )
f:'^UiVALf;NGk	 (^vIAGTUUrIhEAi)(1S))r(PUUivU5r0ATUh^5(1))
LPT=1^

1 IF (UTYPE.E^a.^)	 GO	 TO	 100
C
C FIND	 Fua10E	 CALIBilnTI^iN	 vAR1a8LEs
C

^ CAlil,l)=F•LU4T(FLHCAL)
CAL(1,u)=^L^JA1(IFGAIN)

C '
C LUUii FUit	 JUtiiP	 I nd	 UA1'A	 TU	 itvDICAfE	 FORCE	 CdL.

C
E.^EG I ^J =DATUMS (80 )

1 ^vNTS=2uti^5EC:i-^i0
DG	 10	 J- KIr'di'T3
IF (UA1U^^15(J).GT.dtGIN+50U.) 	 GU	 TU	 30

f 1U	 CONTINUE

20	 FUkt^AT(///r'COULt) NUT 	 FIND	 THE	 FUkCE	 CAL.___CHECk	 DaTA	 SLICE	 TIMES

^' )
^ STUF'

_	 FOUP•,U THiw JU^^P, t^OP^ CUMf'UTE THE AVEPAGE BEFORE AtiU AFTER THE JUMP.

^^	 CAL F'^^•:IGH' IN COUPITS = AvEkf^GE AFTER - AVERAGE EsEFORE

C	 FU+^CE SLJ^'E = COU^+TS/POUtvU
C	 zFRU FORCE	 = AVf»RAGt GUUNT5 JUS"f BE.FOF2E CAL JUMP

C
30 HI5UM=0.0

'	 LU^'+5Ut^1=0 . U

UU uU h=1 ► 20	 •

HISUw► = ►ti15u^•^+OaTUi^1S(JtKt60)
'	 LU^r,5U^^1aLU tv5UMtUATUf^iS(J-K-60)

u0 CUi^TIiJUE
FUKSLN= (H1SU^y1/20. • LOVISUt•1/^0.) /FLUA f (FLdCAt_ )
CAL(li^)=FORSLP
Zth^OFUit=LU^'^SU'^^/20.

^''	 C
C	 SI;ALE: r0(2CE CALIdKATIUPd DATA

C
^^	 tif'rS^r'0*tv;^ECS

u U 'a 0 J= l r tv r^ T 3
i-,^..,:^'•1^-?(t)-(!^nt^i•^5'^)^7.`POFOh^)/FOHSLP



_..

'r

i

50 L ^^• ► T IwUF
^^U	 TU	 20U

C
c FJ^^U	 ki^iG	 CAI.i^*?ATIUia	 VAkIAHLE:S

^ C FIkST	 HtMUVE	 A^VY	 DC	 UFFStT	 Ii► 	 THE	 CAL	 DATA
^^ C

Ii^^L'Ex=1 UOU*NStCS
^^ UU	 ilU	 J=1 ► I^JUEX
J Surf=SUt•ttUAT^^^^S(J)

1 i o CGr^T Ii^UF
UFF3E1= 5U ►•^^FLUAT (I^^UE:x)'^^
UU	 1^0	 J-1 ► lwUE:c
UATU^•^S (J) =UA fU^•45 (J) ^UFFSET

1^0 CUi4TIiVUE

G CaLCULATE	 5TAwDoR^	 UEVIATIUr;	 AMU	 OBTAIN	 SCALE	 FA(;TOR.	 FOR	 ZF.H©	 MEAN,
C S i AT IO ivARY	 SlGwal.	 5TAr, p ARU	 DE^iInTIuN=R^aS	 VALUE
C

XSt^UA ►1.O . V
UU	 140	 J=I,IhUEX^

^• x5^^UnR=XSC^Ua^tUA TUM5 (,1) **2
140 CU ►^dTIwUt

E^^GCAL=5^.) t:T(XS^TUAE?i (ii^UEX-1))/FLUAT(MAGTUU)
^^ CAL(8,1)=F^LUA((r1^iG1UU)

CAL(2 ► 8)=EMGCAL
C

^^ C 5CALk	 CAI,	 DATA	 FUk	 PLUT T I^^G.	 •
L

UV	 180	 J=1, IwUtx
UAfU^•^5(J)=OA TU`A.`i(J)!khiGCi+L^

18U CUi'^TI^tUt
e?(i0 f^E1U+?iV

EhU

.1

.,^

^'

', :#

"^

___..	 __



_ A)

rt

ti

'^	 ^ .

!^1

^^^

•

'^;

^^

i^

^^

t

t^

C

C

L

C

L•

C
C
C

C
C
C
C

1

U'1E. ►2Li1Y UV a

sut^huullr ► t uf2ARN ( UfYPE. ,sTa ►{T,1^StCS,SS'arJ,STGER^t)

5Uur2UUTINE IiRAPN PLUT5 UN THE CUrnHUfEK TERI•tlrtAl. TMk UA(i1 SLICE tlE:ING
Nr2U(;E.Sbk:G ALUrdti ►',).TH Vr^f{lUU;i tlt.nr)i•:!{ t'^r ('r:' :1IOPJ.

CAl.l.1^^U ,4F{GU^ •1E+JTS:	 U1 Yr'E - f YPE OF UATn

5TAF2T - EiEGIi •J TIP+E OF PRESENT DATA SLIGt

NSECS - LEr+GTri GF DATA SLiCL IV SECUNDS

SPAP+	 - AVEkAGING it+fEF2vAl. FOR F'SO

STDtRr2 • NUf2hiALIZFU STANDARD ERROR FUR F'SU ESTIMA

UI t̀ ^ENSIU^^ DA iE(3),F^UUwu5(^600),RSUw(+JiU)
UI^`!kN51Urr F ►2E^d(y10),CALDAIA(t000)
INTEGER GTY ►'E	 ^	 •

CU^•^i•^UN UaTUy^5(450),INEAD(20),CAL(2.u),IVaKsr.(1U)
CU^^^r^^Uiv/IGU/ h'USLLE(7,u),1FUHR(2)
Li)UIVALE y CE (PUU^VUS,(^ATU^^^5(1)),(PSUNrJATUt'S(u000))
E(^UIvALFrdCE (FKE^,UATUr^S(SS00)),(FLtJCAL,CAL(1,1))
EUUivALr:rJCE (CALr^ATA,UATur^.S(1)),(Ef^iGrr^Ax,UA^U^'5(uu99))
EG+I:IVAt_cNCE (^U^2 , •1Ax,UaTUMS(u500) )
FiE TUr2N
EMU

i^

J

•a

+̀ ^^



'^	 •

}

^ • Uvr.r<LAY	 Uvy
SUdkUUTINE	 E^^iG	 (^,^IStCSr4Ul.(SEC)

C
e\' L SUi:HUUTINE	 Ei•iG	 SCALES	 Er•'G	 UATA	 Fc,^t	 F'LUTTI^:G	 ^)N	 THE	 C^)r`tPUfFr.	 t^NU	 fINUS

C ln:.	 It •1fFt;,i^r'..^1	 Et^(^	 V n t.tlt:	 Fu.;	 ('it.^.	 Ui;T^+	 ;,(.?CF:.,•

^^ C ca^Llivu	 A ►2GU^tkrJT:^:	 IvSr_C5	 ..	 r_tNGtN	 OF	 UAfA	 SLICE
C
C vuLTSEt;-	 Ii^d'(EGkA^fEU	 EP4G 	vnLUE	 Ir'J	 ^tlCkUvU1.T *SEC.

^ C

^^ CU'^hUN	 DATUMS( ^t500), IMEAU(20)rCAL(^r^a)riVARSv^(10)
CU^f^^^UN/jt;U/	 i•1 i13CLE(I ► ^l)rIf'^')kh2(?_)

i EUUIvaLErvCE	 ( IRf1TE^,IH^:AU(11)).(tr^^cCAt. ► CaL(2,z))
^ Et)U1vALE:iuCE	 (E •tG^ •tAxrUATUrtS(uu99) ), (E^IGVAK,GAiUMS(u^00) )

C
C CAL.CULn ft	 OFFSET ^	 SU6 Ti^ACT	 Fi^Ur^,	 UATA	 ANU	 APPLY	 SCALE	 FAC f UK
C

SU'^1=0.0
^vP(S'102u*NSECS
UU	 10	 J=1rwPTS,^
SUi^^=SUi^^+UA 1 UMS (J )

10 CU^JTINUE
SFr 5r T-SU'^/FI_OA ((NPTS )

3 CGL(2r4)=UFFSET

' FMGtr^Ax=:0.0
UU	 ^?U	 ,.r=lridPTS
UATUMSIJ)=(OATUt^^3(J)-OFF5E'I)/EMGCAL

^ IF(Ad5(UATUh1a(J)).GT.Ei^iGr^AX)	 Ehit;t^AX-UATUMS(J)
^?0 CUNTIiVUE

^7
C FIND -INTkGRATEU	 Ei^G	 VALUE
C

NPTS-NSFCS*1OZ4-1

SUMO=0.0

SUMS=U.O
NNTS2=NPTS-2
GU	 40	 I^1 ► i^PTSZ ► 2
SUN^E=SUh1EtAt^S(iJ,>TUNS (i^rl) )

^'• SUMO=SUht0tA85(DATUMS(I))
u0 CULT IivUE

VUL1StC=(2.0 *SUMU+^i.O* SOME-Ads(UATUi-1S(1))tAtiS(UATUMS(NPTS)))*H/3.0
_) C

^, CALCULATE	 THE	 VAh<lANCE	 OF	 THE	 UATA
C

EMGvA ►i=o.0
•^ UO	 50	 J=i ► ^VP^5

E.t•:GV Art=E^^IGVA!l tUATUt+I;i (J) * +2
' S0 CONTINUE

Eh^GVa ►i=Er^GVvR /rLUAI (NPTS° 1 )^

P^TUHN
ErD

i

;.

^'



,y

1>

^^^l

^,

'1

^^

^)

^^

,.

^^

^;

^^

^	 C
C

C

SUbFiUU T I ^+c. F UKCE	 tU f YNE, ^^ISE;GS.3PA+v, F UGH IJ•i )
C
C	 Su+skuUTl^'i E: FOJZCr SCALES	 ALL i-UHCE	 UafA	 FuFt	 WLOfTIrvti rry 	 T ► +i:	 COr•JPU1ch	 ^•
r:	 ^^vtRaGE5 FGriCk	 D^^fa	 (UVEiK I^JTERVALS	 U(_1E(<^^INrU	 BY UATA	 C,nk+)	 RE^UE+ST
C	 FUK	 Nf11^+liEL UUft'JT.
C
C	 CNLLI^^1; ,^+t^U •'^^.^^'f:i:	 U I Y F' i: •.	 I Y F' t 	 UJ^	 uA f A
C
C rJSECS - LENGTH	 OF	 UATa	 SLICE
c
C 5PAiv -	 •`VERAGING	 iNTEkvaL	 FOEl PilliVTEU	 UU'fPUT
C
L FDGAIN-	 Ai^tUUrJT	 OF	 bAIN	 r:HICM ►vAS	 AF^PLIEU	 TU	 FUk^

C DATA

C

UI"^trVSIUw PUUNUS(Z600),AVGI.ds(1S0)
lfrfE:^+kK DTYPE
CUYMUN U^+ TUi•1S(U'X00),INEAD(20),CnL(^,4),iVAkSti'+(10)
CUhi i •IUiv/Iur)/ niUSCI..E(7,N),IFURR(2)
EUUIvALEi •^C^ (FUU^•!US ► OATUh^S(1)),(AV(^LJ3S.UATu^'S(u000))
Ety vIVac.tr^r,t. (J=C GAIr+,CAL(1,4)),(/ERUFUJJ,GAL(1,3))
EvlilVuLEi •JCE (FU^tSLP,CAL(1,^)) ► (FURMAx,UATUr•^S(4500))
GAIN-FCGAIN/FUGAI'V

C

C	 F iNU ZtkU dASELI"JET EiI:FURE. E^EGINNIrvG OF FGRC:E DATA

c
su,^^o. o
DU 3u J=1,20

s0 CUP;TINUE
EASE-;iUi•1/^0.

C

C	 SCALE FUR(: E: ()A f A INTO P ov NUS

C
FORMAx=0.0

N ►'TS-20 *r^SECS
UU 40 J= 1r^^J=f:i
POUNDS (,1) = (PUt1NDS (J) a EsoSE) *GA IiV/FORSLP
IF(POUt^,US(J).GT.FUf< r•'Ax) FORi^+Ax^i'UUNUS(J)

4o Cc NTINUE

AVE:KAGE FORCE: 0.4TA OVER SPAN INTERVAL

LOGPS=iJStC5/If'T:((SPAN)
rvF'fS=20*IFIX(ciPAN)
UU b^) J=1 ^ LUUPS
SUri=0.0
UU 50 rc: 1,rJPTS
5u^•i=SUMt,^(^Ur• rUS ((?•• 1) :^t •JP TStK )

50 CUNTI^"JOE:
^.AVr.:LdS(J)=SU^•^/FLOAT (NPiS)

b0 CuNTINUt
RE TUkN
EfJU

^RIGINAZ, PAGE IS

OF PpU^ QUALlTy

.^



^.^.^.. l	 I	 I	 1	 ^	 }_	 _^.
7 ^ 114 ►̂ riLAY	 (ivh

_._

SUL'rtUUTIr ► E	 F'FTvSU	 (NSECS ► :ih'AMrP5U:i•.•:•^,S1'UF'tR)
C..,^
C
C

SUyrtUU (Ih^	 F F f NSl)	 T GKr;i	 THE	 F UU^rlL- )t	 TtZAi^SFUttt•l	 L'F	 Ehiti	 U,1T%^

THE	 R^^^r	 f"•).'.F.^t	 iNkCl'K.11,	 0ErJ3ITY	 UN	 TO	 rynQ	 F+7,	 nt:CU^OIPiG	 ^^

l•L +.J	 GALCULA t
r ► 4 F.	 ^)nTa	 '

C rtt4iUr	 .)	 ,'^	 ^	 + °1t11 ' I I ^.0	 t ^:i i .	 i'i	 1. ;11.+...'^..^	 ik.i)	 •N1^.1'	 +:i	 (i' • ^rhriVt	 ^ +	 /'	 +	 l^ii	 1t;^1i
• C F'K UF'r.f?I It:.^,	 iu	 l;E:FI_k.CT	 11+U5i:	 5TA1i:illCaL	 t'rturE:kflr5	 ir!t: ,+_+^^•;ALI^kU

C S TAi^UA+:D	 E ►tftUR	 I5	 ALSU	 C::LCULA TED.
C

^ C CALLI^^G	 Aitl;UrtEWTSt	 r^SECS	 ^	 LEiv^iN	 OF	 Ur1TA	 SLICt
C

^ 3̂

C
SPAN	 -	 dANU^JIUTH	 GF	 SMOOTHED	 PSD

^ C PSUSUr',-	 AREA	 U r uUkR	 PO'^'tER	 SFECTRI^h1
(:

1 1^ C STUERR•	 NGkr^tALIl_EU	 STAr^DARD	 ERROR	 OF NSU
C

•` t:Il`^kNSIUi•J	 NSU(dU'^E)),PSUtv(41U),WERCNT(r^10)
UiN^tr^SlG +d 	CUraf,Cf(ulU),5(IUZu)
CUrrN p N	 uATUr^3(u500) ► INknU(2o),CnL(^,n),IVARS ►v(10)

^ CU ►•i+•^UN/1GU/	 i•SUSCLr (7,u), IFO^H(2)
^^^ EivUiVALtwCE	 (f'SUrUAIUh}5(1))

tUUIvALFNCt:	 (IrtaTkrINEAU(11)),(P5^rv,UATUNS(u000))
E+^U1vnLEtvCE	 ( ►'EKCwT,unTIJr^S(3000) ), (CU+•^PCT,UATU^•^S(350r^) )^,)
EuUIvALE1vCE	 (ExPVnI.,uATUNS(25o0)),(SiDEV,U.A1Ut•1S(^501))
CUNT I+^^uE

C
^-^ C APPLY	 c:USIfvk	 ^y ti^Cl)Vt	 TU	 UATA

C
CALL	 ►^JIMUt),^; 	 (NSECS)

+ C

^^ C uE.1kK^•sIriE	 tNr	 PO ►^tER	 OF	 2	 AND	 CURftkSPUNUING	 NlitiBER	 OF	 DATA POINTS
c

rtExP=lu+r,SEC3/2
IF ((vEXP,E(J. 1 ^1) 	 NEXF'=13
N-z**NtxP	 •
P1S=FLUAi(N)

C

C TAKE	 FFt	 OF	 T y E	 DATA

^ C
CAI, I.	 RFF T	 (UATU+^15, rJEXP r 5, - l i I FERft )

C
C CALCULATE	 RAry	PU ►^dER	 SPECTRAL	 DENSITY
C

^^ K = 1
f`rl='utl

" r)U	 lU	 J-3rN1 ► ^
F'St)(K)=^.*N/PfS*(UATUNS(J)**^+uATUN+S(J^1)*^2)
K=Kt1

10	 CUNilivuf=
^ C

C CURh2ECT	 PSD	 A^HF'LITUUES	 FUR	 ^'tltvUO ►ti	 FttDUCTION

C
^) r^z_r^/2	 f

DU	 15	 J=1,w2

I'SU (J) =1 . 1 ^^29*PSD (J )
^^^ 15	 CUNT1iVUE	 ^
^ C ^

C OUTPUT	 kAn	 PSD	 TQ	 TAPE'^ C

CALL	 P3USAVt	 (NSE^S)

...

C
.__.	 _ ,..	 t ..	 ..._ ._.^

y,	 _:...^..._.^.^a::	 ,

,^
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C
C

C
C
C

,ti

r.'^

^^

^)

'^,^

J

7
i

s^

C
C

rig 	C

C
C
C

C
C
C

^'^!
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C
	

traLCUt. ►̀  1 k S^ •rUrJTHEU ^5U
i

i^

^ '

F0^1./tNfS/FLU,Af (1t2AI^E) )
luTa=lFlx(5 ►^Ar /F^))
5PAr^^FI..UA I (t^fl +^) CFO
f'SU^^AX-:^^,U
K=1
N2=:v2/IOiA*IOfA
UU So J-i,N2,iora
1E^"r' =U.O
L'u 20 JJ=1 ► IUTa
1^Ei^VP= (t;•^N+PSU (JtJ^-• 1 )

^0 CUrvTI^VUE
P5U(K)= Tt'^iP /FLJAT(IUTA)
IF (FLUATIJ /IUT•^) *^r'Aid.GT.u00.tSPFrd) GU TU 25
1F (PSU(K).GT.P5DtilAX) PSUi^^Ax=PSU(K)

c'S K =Kt1
30 CUI^ f INUk

CALCULATt TNt NOr?t^'ALILED PSU

LIM=IF I;t (u00. /3PAid) + 1
UO u0 J=i,LI^4
PSUN(J)=f SU(J)/NSD^^Ax

4U Cur^TINUE

IN^iEGRAT^ THE: S^^}UUTHEU PSO

PSDSUht=U . V
UO 50 J^1,LIh1
i^5G5Ut-t^NSGSUMtSPAfd*PSU (J )

SU CUNiIrtUE

CALCULATE '^L E:ACH t3ArvUbYIDTN IS OF TOTAL AND FIND THE CUr^iLATIVE % OF TOT

CU b0 J=1,Lii^1
• PkRCrvT(J)=Sr'AN*?SD(J)/PSDSUr4tio0.

IF(J.rit.i) GO TU 55
CUNPCT(1)-P^HCNT(1)

GU TU bG
55 CUi^f'i, T (J) =CUMNC T (J •• 1) tPERCrJ f (J )
bG CUNTIr•iuE

CALCULATE THE: E:XaECTEU VALUE AND VARIAr^CE OF THE PSD

F=SPAi'•1/2.
E:xPvAL=0.0
UU 70 J=1,LI^
EXPVAL=E:xr'VAL •r (PE ►^CN1 (J) / 100.) *F
F =Ft5PAtJ

7o CONrI(vUi;
F=SPAN/2.
VARVAL=G.O
DU d0 J=1rLIM
VA^^vaL=VakVAL•^(NERCNT(J)/100.)*(F-ExPVAL)* *Z
F=FtSPAr^

80 CU`fINUE
STDEv=S()kT (VAIZvaL)

FIND THE NUF?i^1AL.ILED STANDARD E:RRUR

51UE ►tK=SOR T (1 . /FLOAT (IOTA) )
RETUF2N

^_ __



t^^lU

^	 i

t	 ^	 ^

OF p pU^ L P^ ^,-^,,
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r	 r
^_.,._:..	 ^:..,,_^..._^...,A...._^ 	 ^.^ ...	 ,
5utlrtUU T 1 ►N r 	 ►'r I+^ +1uv1	 (^v^h.t: ^ )

C

C SUtnOUTIrJt_	 ;vliJOt)^	 Af'f'LIkS	 A	 CO'3ji,^:	 iAF^1;R	 fU	 T lit	 FIRST	 AI^^U	 LA;iT	 TENTHS,,1
C 'friE	 UA 1 f+	 TU	 ►tEUtJCE	 LkAKAhE.

^. l Cal. l..t^'iG	 ^^'t:: ^1	 I t:..I:^i	 r^S>~t:fi	 ^	 1_t.^.i;Tr•i	 U. • 	 ( t •r	 ^;.^	 ('1

CU'^htUr•̂ 	 UA1tJ^t5(^Jti00),lHEAD(^'U),CHL(2,^t),jVAitS'^ti^10)
^_ CUytriU^•t/I(^U/	 htuSCLr(7,^1),1FUitk(2)
^ Pi=:S.141`.iy^7

ivPTS^ 1J^4*rvSL•CS
^'^ lt^t;t-^'^E'TS/10

fTU1^AL=1.U2v*FLUAT(NSECS)
K: 1
I:u	 lU	 J^1 ► iEUGE

t.1=.5*(i.—COS(Pi*T1/(.1*^ITUTAL)))

^^
t<aTli'^1S(J)=C1*UaTU^•t5 (J)
UaTUMS(r,^'iS-J+i)=Ci*UaTUr^s(i+ ► 'TS-J^t'1)

lU	 CUr`^TlNUE

kETURN

^T

^

Erau

^•.^, ^-

;4.

.

.^

1'
^'



J.	 a

1 SUrat<UU1 Ir^t 	 kFt` f (A, ^' t , 5, 1F :, IFEt'R)
^^ C UNE^Dt^t(,+vSIU,lNL	 !^tAL	 clivlTN.	 FUURIErl	 TI2AfISi•Uit^t

^^ C

C F'UU;tlk:ri	 TftA"ISfUR'1	 ;;(JNttUUTI^dF.. 	 F'Jtt	 fii .41.	 t^11TA.
(; t't;t:i,Kr.'^"F:.t)	 I''J	 ;>Y:;CEr• t /SoU,	 '3n;;iC	 F't'Ut; ►'9(•''	 1r;:	 :iUPPOl+T,

r C rUt<(itN^v	 lV,	 tSEE	 FUkr4	 (;tea-6SO^a).
C IhIS	 DECK	 IS	 5E1	 UP	 FUk	 IF^SYS	 ON	 THE	 It)tt	 7094
C

.^ C THIS	 NRUGFtA^•+	 U3E3	 THt:	 SUtsRUUTINF.	 FFT	 TU	 CUh^F'UTE	 CUrgFLEx

C FUU41tk	 TItA^^SFt)^t''IS	 OF	 kEAL	 UA' ^.	 PK	 FU ►tT	 S.D.A.	 NU.	 3ub5	 IS
' C AVAiLAbLE	 TH ►t^UG ► i	 SNARE.
^ C

C T^tE	 F^UU ►tIEK	 SERIES	 IS
C

^ C X(.!)=	 SUM	 r7VEr2	 K=0	 TO	 N,	 Uf^	 C(K)*EXP(2*NI*I'k J*K/N	 )

C J=O, 1,2, ,..,^^-1

^,
C

C V'^NEkE	 I=S(JR i (-1)	 ANU	 ► HERE	 C (K)	 IS	 COMPLEX.

C SIrvCE	 X(.1)	 IS	 r2r:AL,	 C(K)—	 CUIlJG(C(iv-K)	 ).	 THEREFORE	 Oiv^.;
^^ C C (K) , K=	 U, 1 , , .. , Iv/Z	 AkE	 GUr-^PU TEU	 ANU/Ott	 USED.	 •

C
C ARGUMENTS-

; C

C a	 IS	 INItIALLY	 1FiE	 IrvPUT	 ARFZAY ► 	 x,	 vJHEN	 CUht'UTIfvG	 A	 FUURIER

C Tf^ANSFU ►tti^	 A^v(^	 C	 .vNkry	 CUt^t PUfIfdG	 A	 FUUkIE ►t	 SERIES.	 A	 IS	 kEPLACES	 t3Y

C ihE	 UuTF'UT	 ArtRAY,	 C	 IN	 ThF	 Fl)R^4Ek	 CASE,	 X	 !N	 Tr1E	 LoTTER.. j
C THE	 X	 VECTU}v	 CU^diAIr`JS	 TIIE	 rtFAL	 UATA	 x(t)),X(1),...,x(N -1)
C ThE	 C	 VE.CTUr'	 COiv1 AIi^rS	 THE	 CUr1PLEX' FUU ►<It:k	 AI•^PLI TUDES

C C(0) ► C(1),...rC(w/2).	 THE	 Cur•I F'hEX	 VECTOk	 C	 IS	 5fUREU	 ACCURI)IfJG

w C To	 Tr, E_	 rvO^^r-;AL	 Ft)r^T ►^aN	 Iv	 CoNVENTivN	 FUR	 STUrtI^vG	 cO?^PI.Ex	 vuh^hEF<S.
C I.E. ► 	 },E S L	 F'a^ti,;	 IN	 aLtEt^ivaTE	 CELLS	 STaRTI^•,G	 ,^ITr+	 THE	 FIR5T,

t: IN^AG1fvA;tr	 PAR^r5	 iN	 ALiEk^vATE	 CELLS	 STAkTINt;	 ^,iTH	 THE	 StCONO.

C 1 0	 ADME;ttE	 TU	 FO^2TRAN	 kULES,	 x (0) ,	 x (1) , ... ,	 A ItE	 REFERitEU	 TU	 ►1Sn

C X(1),X(2),...,	 FtkS ►'.	 Ilv	 THE	 PFtUGttAr•i5,	 AL5G,	 C(G),C(1),...	 AfiE
C hEFf: ►tIVE:U	 fl]	 A :i	 C(1),C(2),... ► 	 kESN.^	 IF	 C	 I5	 L'rSIGNAtED	 AS

.^ C ^	 G0^^1PLE;(	 ItV	 A	 TYPE	 5TATEhttf+T.

^^
C
C trl	 GIVES	 N=2**r•1

^ C
n C THE	 ARGUt•1ENTS	 S,	 IFS,	 ANU	 IFEkFt	 ARE	 THE	 S^,'E	 AS	 Ifv	 THE

C SUdItUUTINE.	 Frr"r	 ANO	 THk	 USEk	 IS	 RrFERFtEU	 TU	 THE	 CON^^'ENT	 CaROS

^ C IN	 FFT	 FUk	 THt:IR	 EXPt.ANATIUN.

C UIME:N:iIUtd	 5TA'(E^^IENTS-	 THE	 DI r^tENSI0N5	 OF	 ARRAYS	 A	 AND	 S	 SHOULD^
C Hf:	 ^vt^	 ANU	 •v / sir	 RESP.	 FOk	 THE	 LAkGEST	 N	 TO	 EE:	 UStU.	 FOH

^ C FxAMpLE ► 	 IF	 THE	 LAKGEST	 M	 IS	 13,	 THEM ► 	 N=8152	 ArvO	 O ►vE	 SHOULD
C HAVE	 THE	 t)I^^E^^JSIO rd	 STATEr^ENT-

^ C UlMtrvSIUN	 A(tit9^t),	 S(20ab)
C IF	 C+vE	 'rtISMES	 TO	 SPECIFY	 A	 TU	 8E	 CUrYiWLEX	 t?Y	 A	 TYFE	 STA1E1.1ENT,

C UNE	 5NOULU	 GIVE	 IT	 A	 Uir•1EwSION	 OF	 N/Z	 ^fi	 ,	 FCR	 THE	 LA ►tGEST	 N.

^ C

C
^^ DIMENSION	 A(u1i0U),S(1024)

IFE:Rr<S	 =	 0
r^= ^**M
NY2	 =	 N /	 2
NV4M1	 =	 N/u	 -	 1

}^ ht M 1	 =	 F•T	 -	 1

' I IF	 (IAtiS(IFS)^^1)	 u0, u0,^0

*^ 3U	 IF ERRS	 a	 1
Tl u0 NP	 =	 N

rn P	 =	 M



`^
i

I
^a(.l.	 Ff: 1	 (r1,r^;5,O,IFFr-rki)

^^ IFtF2R5	 =	 1rERFtS	 •r 	 IFEkf21
S4 KD	 =	 rvR	 /	 W

s
KT = KU

^ IF	 (IFS)	 }rp^du,9t!
6U UNL1.	 FF• f (u^^•1r11^S^-^ilFGilA^)

1FEFtK5	 =	 IFt^ikS	 +	 IFtRR2
,^ uU	 7u	 K =1 ^ NV^ti^l l

J - r,v2- K

Kn f	 ^	 i^;F vu^r( t
aY•^H=azk *5(K,t'i)	 +	 AEI*S(rcT)
AYiI	 =	 AG1*^(KK f )•-	 Ac'R*S(KT)_

^^ a(z *K+z)= (Ali+A:vI) /a.

^ A(z*J+z): (A,vI-Ali) /v.
70 K1=KftKU

'f=a(i)

n(2)=0.
a(N t2)	 =	 u.

A(ruvzt2)	 _	 — .`.i	k	 A( +vVZt2)
8U IFtr^F2	 =	 IFtRrt:i

^ RETUKr^
^ 90 CG	 l Ou`	 K=1 ^ UV^4i^11

J=ruv2-K

KKT	 =	 ivr V4	 -	 KT
1 Azf2=ArrFt*S(KrtT)	 -	 A:SZ *S(KT)

„^ A2I=A ►hk*^(K1)	 t	 Ar^^I*S (KKT)

A(C*K +2) 	 =	 A1):	 •r	 ASK
A(2 *J+1)	 ::	 A1Ft	 +	 azI

100 KT	 =	 KT	 t	 KU

T	 =	 A(1)

a(1)	 =	 T	 +	 A(rJtl)
^ A(2)	 T	 -	 A(rd+1)
i	 ^ A(NV2t1)	 =	 2.'rA(i^IV2t1)

^ CALL	 FF f (a,^^^r^11,S,2,IFf:kRZ)
^ IFEk ►JS	 =	 IFERf^StIFEFtk2	 ;

GU	 TU	 80
END

^•)

^^



^ ...^^.	 ,
^ 51aNr2UuTtNE:	 fFf('ti.-t,^rTF:±rT1^F^?^^)
^^ C FUf'Tr	 Uivt-OI^^1EhISI1)i^AL	 FINITE	 ^.	 i^LtX	 Fr)1,iJIEt<	 TrJANSFUkM.

C
L

-C FgtlrJ.ttk	 TKaNSr•oi^^•^	 SUHROUf T^`Jrr	 Ni'tl^. ^tl^t^lr•tfQ	 IN	 5YSfFr•^/36 (Ir
r. 1?H`.1tf;	 ;^h+)t,i{;^	 ^	 ;!	 •'^	 ;^1 i Nt'r'{tl,	 ^'U''1^<^.	 !	 (^^.	 ti.'^^i	 1,.^^,^..h!i^rJ

^% L THIS	 Utt;l^	 Sii	 uf'	 f-uR	 ics5r5	 :),^^	 itir•^	 70yv.
C
C DOES	 EI^fHER	 FGU+tItR	 SrVT wESIS,I.E.rCOt^PUftS	 CUMi^LkX	 FUURIE:R	 ScRIE5

- C GIVktJ	 A	 vtCfU ►t	 OF	 N	 CUt^F'LtX	 FUUhltft	 A^'^i^LITIiUt:i,Cltr	 GIVE ty 	 .1	 'rcCTUk
' c OF	 CUi^1r'L.Ex	 DATA	 X	 p GE5	 FUUkitrrl	 AivALr5I5r	 Gur^r'Utlwr,	 Aa^c^LI TUU^.5.

^ C A	 1S	 A	 l:U^^l?LEX	 VtCTUR	 OF	 LE"J^^TH	 fJ=2**M	 CUNPLEX	 rvUS.	 ON	 2*N	 RC AL^

- C r,Ut•^htkS.	 A	 IS	 TV	 dF	 Sk1	 b y	 uSEi2.
C M	 IS	 Aiv	 I^VTtGf:K	 O.LT. h^.LE.13,	 SET	 !iY	 USEiJ.
L' S	 IS	 A	 vtG1UR	 S(J)=	 ST"r(1*Pi*.1/NP	 ),	 J=1,2 ► ....,NP /^1 - 1,
C CGh^PU1Eq	 dY	 Pt'tOGKAh'^.
C IF:i	 I5	 A	 PaRAMtTk ►v	 fi.^	 i^r	 5ET	 HY	 USF ►^	 n5	 FULLGv^s-_
C IFS=O	 TJ	 SET	 NP=2**r^	 AiJU	 Si:T	 uP	 51iJE	 fn6LE.

^J
C IF5=1	 TU	 SEf	 ^V= ^JP=?.**ht,	 St/	 UP	 Slfv	 1Ai3LE,	 Ato p 	UO	 FGURIER
C Sr ►vT ► rLSiSr	 Rf:WLaCIriG	 Tht	 vECTUK	 A	 ciY
C

^^ C x(J)=	 SUr•^	 OvErZ	 K=O,ry -i 	 r)r	 a(K)*EXP(i?*f^l*I/r^)**(J*K),
C J=O,N-1,	 riHE, ►lE	 I-S^^RT(-1)

^,
C

L' THE	 X'S	 ARt	 3TUiiEU	 V^ITH	 RE	 X(J)	 IN	 DELL	 2*J+1
C At^U	 IN1	 X(J)	 IN	 CELL.	 2*J+2	 FUK	 J=Jrl,ar...,N-1.

A'5	 ARE	 STOKEU	 1N	 Tht	 SAME	 t4tir,rJER.
C

THE

(: IFS=-1	 f0	 SET	 iV= ivN=2**r•1,SE^i	 OF	 SIN	 TAdLk,	 AhU	 UO	 FOU ►JIER
C ANALYSIS,	 TAKING	 THE	 INPUT	 VtCfUr7	 A	 AS	 X	 AivD
C ►^tPLACIrJI)	 LT	 rJr	 THE	 A	 SaTISFYING	 Y HE	 ar3UVE	 FGURIEK	 SERIES.^
C Ir5?0 '	 StT	 UP	 tiI;)	 TAi?LF	 nrvU	 RETUFi^J__

- C IFS=+2	 TG	 UO	 FUU^tIE ►v	 SYNTHESIS	 UtJLY,	 wITh	 A	 PRE-CGh^PUTED	 S.
L 1FS--2	 TU	 UO	 FUUKIEP	 ArvaLYSiS	 ONLY,	 ti •JITH	 A	 PilE-CON^PUTED	 S.^
C
C IFEKR	 I:3	 SET	 8Y ^Pt^GGfvAh1	 TU-

'^ C =U	 IF	 rip	 E,f1Ri)R	 Jr_TECTEU.
C =i	 IF	 M	 IS	 OUT	 uF	 f<nNrE,,	 OR,	 WHEN	 IFS=+2,-2,	 THE
C hhtt-CO^iPUftp	 5	 TABLE	 1S	 NOT	 LARGE	 S:NUUGH,
L =-1	 ^+NEr)	 IFS	 =+1 r-1,	 MtANS	 Un,E	 IS	 RFCON^PUT ING	 S	 TABLE
C UNNECtSSAKILY.
C

^ c rvGTE-	 as	 5TafE U 	 Ai)ovE,	 ThE	 i^aXlr^u^	 vaLUE	 OF	 M	 FUR	 THIS	 PROGRAM
C UN	 THE	 IdM	 7094	 iS	 13.	 FOR	 360	 MACHIiVES	 HavING	 GREATER	 S10FtAGE
C CAPACITY,	 UNE	 i+IAY	 INCkEn5E	 THIS	 LIMIT	 dY	 RtPLACING	 13	 IN
C 5TATtMENT	 3	 fjELO.v	 BY	 LOG2	 r;,	 FvHEElE	 N	 IS	 ThE	 h^AX.	 hU.	 OF
C CG ►^^PLEX	 NU!+^dGR3	 OivE	 CAN	 STORE	 IN	 NIGH -SPEtD	 CORE.	 ONE	 MU5T
r. nI.SU	 Al)u	 t^► U^ZE	 UO	 STATEt^^Ery-IS	 TU	 THE	 dINaHY	 SG ► <T	 kUUTINE
C FULLUwING	 SfATEMl:Nt	 24	 ANU	 CHANGE	 ThE	 Et)UIVALENCE	 STATEhtENfS
C FUR	 THE	 K'S.

- C
^! UIt^ENSIG^i	 A(4500)rS(1024),K(15)

IF	 (M)	 20,20,10
10 IF	 ( M -15)	 40 ► 40r20

2U IFERR=1
30 rzETUkN	 .
u0 lFErik=O	 i

N=2* *M
IF	 (iASS(IFS)-1)	 440,440,50t

C riE	 AkE	 u01rvG	 TiTari:SFUftM	 ONLY.	 SEE	 IF	 PkC^CUN^PUTEo
•^ C S	 TABLE	 IS	 SUFFICIErJTLY	 LARGE

50 If^	 (N-iJP)	 7Ur70rb

.^ -^
b0 IF tR^t=1

^

r



t:U	 T U	 ^^ ^^ U
C SCtth^•1tiLE:	 Ar	 1!Y SANUt'S h^ETNOU

7U h(1)=2*i1
`

1\
DU	 t!0	 1. s2 ► i^t

hl!	 ^iU	 l.'h^ ► 1'!
^)U ^<(Ltl)^2

C Tnt	 h' ULI.Ur^1NG 15	 STAIEi•iENT :i dI2E	 fU	 C4^`^PkM;idT::	 FUR	 A	 ^JEAKIti_;,;,	 Ifv
(: THE:	 FUkfKAN	 V	 G0^'1PllEk

•^ K1	 =rt(15)
K2	 =K(1µ)

^
K3	 =K(13)

^ Ku	 ::K(12)
KS	 ::K(11),,
i<b	 'iC(lU)
K7	 =K(9)
Kai	 =K(d)
K9	 -r<(7)
K10 =K(b)
K11=K(5)

^^ h13=K(3)
K1^^ =K(2)
K15=K(1)
r^z	 =K(i)

C fVU f t	 F^^aUIVACE^JCE Oh•	 Kt. AirU	 K (14-L)
is

C r31hAKY	 SOkT-
IJ	 =2

;= J 1	 =2
110 JZ	 -J1

^ 120 J3	 =J2•
13U J^^	 =JS

140 J5	 =J4
15U Jb	 =J5^
1b0 ^7	 =J6
170 J8	 =J7
180 J9	 =J^i	 '
190 J10=J9
Z00 J11=J1U

' X10 J12=J11
220 J13=J12
23U Jlu=J13

}^ 240 Ji=J14
250 IF	 (IJ-JI)	 260 ► 270 ► 270.^
260 T=A(IJ-i	 )

A(JI-1)=T
7 T=r^(IJ)

A(iJ)-F1(JI)
A(JI)-(

^ 27U IJ=iJ+2
J1=J1+K14
IF	 (JI.LE.K15) GU	 TU	 250
J14=J1u+K13

' IF	 (J14.l.E.K14) GO	 TO 240
J13=J13tK12
IF	 (J13. Lt.K13) GU TU 230

^` J12 =J12tK11
^ 1F	 (J12.LE.K12) G	 TO 220

J11=J11+K1U
^ IF	 (J11.l.E.K11) G	 TO 21U

J10=J10tK9
iF	 (J10.l.k.K10) G	 TO

I
2U0



^ (	 1	 I	 1	 !	 ^
J^,	 = J^^tK^
If`	 (J9.LE.K^))	 GO	 TU	 110
J6=Jt3tK7

^^ IF	 (,Ja.t_E.KA)	 ^I( ► 	 To	 180

Ir	 (J^I.Lt.K!)	 ^^U	 IU	 170,,^
Jr-JbtKS1 1F	 (Jb.LE.Kb)	 GO	 rU	 1b0
JS =J5 tK4,^
1F	 (J^.LE.K'.i)	 t;U	 TU	 150

^ Ju= J4+K3
I F	 (Ju.t.E.K4)	 GU	 IO	 1u0
J3=J3tK2

^ 1F	 f,JS.LE. ►<3)	 GO	 TU	 130
J2=J2tK1
IF	 (J2,LE.K2)	 GU	 TO	 1^?0
J1=J1+^
IF	 (J1.LE.K1)	 GU	 TU	 110
IF	 (IFS)	 280rZ0 ► 300

^ C L`UING	 f= UUf<lE:r^	 A^iAtrYSIS,SU	 uIV.	 QY	 N	 ArJU	 Cr)r,JUGATE.

280	 Fri	 =	 rl
^ Uu	 2 y 0	 I=1,N

290	 w (t*I)--A(2*I)

:i3 C SNEt;Ii1L	 CASE-	 1.=1
300	 UO	 31^	 i=1 ► r^,<'.

T	 =	 A(2*1-1)

^ T=A(2*I)

310	 A(^*1+2)=	 -	 A(^'.*I+2)

IF	 (M-1)	 20^Su,324
*^ C SET	 f Ofl	 L-2

320	 LExNl=2

LtXr^ =d

UO	 3 y 0	 L =2,r^I
C SPECIAL CNSE^	 J=0,^^

CU	 S y 0	 I=2,N2,.LrXP
^ i1=I	 +	 LEXP1

I2=11+	 LEXP1
13	 =I2tLtXN1

^ T=A(I - 1)

A(1 - 1)	 -	 f	 tA(i^- 1)

^ T	 =N(I)
µci)	 =	 r+Aci^)

T=	 -A(IS)
TI	 =	 ^^(13-1)

^ A(I3-1)	 =	 A(I1 - 1)	 ^	 r

3 uo	 A cli)	 =	 a(i^	 )	 tTI
If (L-2)	 3HO.:i90^350

^.y • 350	 KLAST=.V2-LEXP
^ JJ=i^PL

UO	 3lU	 J=Ur1„E^(f ^r2

,► 	 ., _.	 __



3h0
C

370

C
Sao

S90
C

C
ulU
u^o

C
C

uuu

U5O

C

C

C

^ ► 70

^'

,j

ti
1,

^^

uau

u90
^:	 500

510

i I. I	 I (	 '

UH=^ (ivr'JJ )
UI=S(J,i)

1l.A:iT=,JtKLAST
Uf1 3'^r1 I =J , I I• r1ST, l.E Xp

1^- l 1 ^Lt;(N 1
13=i^tLExPI

TI=a(!^-1)kUItA(t2)*UR
A(I^-1)=a(I-1)-T
A(12	 ) =A(i	 )	 TI

A(i)	 ^A(I)tTi
T=•-a(I3-i)*Ui-A(I3)*UR

A(I3)	 =^^(il	 )^TI
A(I1-1)-A(I1^1)+T
A(il)	 =A(il)	 +TI
E;rvL' OF I LOOP
JJ=JJtr^PL
EiVD OF J LUUP
LE:XF 1=^*LF xE' 1
LtXP = 2*LEXP
r^f,L-r,E^E./^
tNU OF L LOOP
IF (IFS) u1O,^O,30
UUItiG FUUKiER Ai•^r+LYSi^. REPLACE A tiY CGPJJUG^Tk.
UU u^0 I=i,iv
Act*I) =^A(2*I)

GG TU "3U
KETURrJ
MAKE TABLE: OF S(J)=Sliv(2'BFI*J/rIP),J=1,^,....P^T-1,NT-r^1P/u
NPzN
h.N= i^

c^T=iv /u
MT cr•i•2
IF (i^!i) 51 U,51U,450	 .
ThETA=.7a539d163u

Tht:Ta=PI/^**(L+1)	 FqK L=1
JSTEP = riT
JSTEP = 2**( MT-L+1 ) FOR L=1
JU1F ^ rJT/2
JDIF = 2**(^•iT-L)	 FUR L=1
S(JUIF) = SIN(THETA)
IF (^^if -^) 510 ► u70,u70
^^U 5U0 1..=2 ► r4T
ThETA = TriE,TA/2.
JSTkN^ •• JSTEP
JSTEP :: JOIF
JGiF = JUIF/2
S(JUIF)-SIN(THE1'A)
JG 1 =i ,1T -JUIF
S(JC1)=COS(THETA)
JLA:iT=r+T-JSTEP2
IF (JLAST-JSTEP) SGOru80,UaU
Ol• u^lU J=JSTt:P,J'.^+ST,JSTEP
Jt.=NT••J
JiJ= J^i^JUiF	 '
S(JU)=^S(J)*S(JC1)+S(JDIF)*S(JC)
^:U^^T I^^tUc.
IF (IF5) 1O, 3u, 10
F r::^



L

L

C

C

i
j^

.^

-,^._.....-..^w.-.,..P
SUt)tZUUT lrv ►.: a:it)5i1 /r	 (rd;3EC.`i)

sut^iuu f iNk r'5U`.iAVt^ GuTPUTti 'TU T+^i^ r : THE RA, F:iU (102 y FtLAL f•tU^•1t;tNS F'EF2 -

cUU1S ^'^Ui2U Re.C^)rtt)) I^rtECE(:E:U c3Y A i'.i ^^r0i<U ► +rARc}t <<F_CURU.	 '

C-\L.Ll^J^.	 .^,r;;^i''. di'; 	 r;:;ht:S	 l.k •., ^.^rti	 (J`	 T!'f.	 ;^'.fiTi^.S	 f::.'^T^^	 ^:f,r

UI^,E^'v5lUiv ia^t^tAY(?0+}8)

CuMn+u^J unTU^^s(u5 04) ► it+EAG(2U) ► CAL(2 ► u) ► IVAkS^;(l0)
CUPtc^tuty /1GU/ ^^ ► USCLE(7 ► ++),IFUK+^(^)
t(^UIVALE.i^Ct (IAK;2AY ► UATU^iS(2100) )
htTU=^

IEUF»o000(iK
ikiTt=SOu04K
Ii;FII.E=^+OOOGK

cki:Arr AN UUTP UT HEAUEk kECUk2U

I.:U 10 J=1 ► 2S
lAKl^AY(^) -0

1 U CUI`i f INUF_

UU 2U J=1 ► z0
1^^KkAY(.1)=INEAU(J)

zo cur^r^r^uE
i^ilGC:i=N5FCS/2
iF (ivREC;i.k^^.U) ivf2ECS=1
I Ar<i2AY (^ 1) =^+k2F.CS

CALL M1 U10 (t^TU ► 't'^vRU ► iAF^NAY ► ISTAT ► IER)

^^UTPUT FULLUNIiVG DATA RECORDS CUNTAI^JING TrtE RAiv PSU VALUES

K:^O
UU 50 J=1 ► NRE^S
GU u0 ,JJ =1 ► 1024
I:nTU N^S(2U y ^)+JJ) =UA^f UrhSiKtJJ )

uU CUt^TIrJUE
t^vRU=Irti TE+2049
CALL r•tTUIU (P+1 (0 ► IrtiRU,IARHAY ► ISTA7 ► 1Ek)
K=Kt102u

5U CUNTIivUE

ti^,R1TE T^+U EUFS AivD 6ACK UP TU JUST f3EFURE THEM

OU 50 J=1 ► 2
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j^	
4.2.0	 L(3NP ONLINE WITH SIGMA 3

REQUIREt^ENT DELETED

1	 4.3.0.0	 General Data Acquisition System.
-^	 .^:^ . .

The DBAS (General Data Acquisition System) acquires, digitizes, 	 ;.
and records test data from an analog playback. The user is allowed up to 	 ----
3 different rates and sixteen channels of input. The only restriction
are that *.he rates must be integer multiples of each other and that the

A/D channels be grouped in the order of highest rate, mid-rate, and slow

rate. The GRAS is loaded from the nine-track tape and will operate
independently of the Sigma 3 (iiomedical System. It will, however, require

•	 the FM recorder and Systron Donner used by the Sigma 3 unless the user can
supply his own recorder and Systron Donne ►°. The GDAS data storage and

^	 output, operator interaction, and subroutines are described in the follow- 	 .

^	 ing sections.	
—

^	 4.3.1.0	 Data Storage

There are two types of data storage - that which is used by
the executive for control purposes; and that which is used as buffers	 "-"'

for digitized data accumulation. The data used by the executive for

control is stored in locations 80 16 to A516 of scratch pad (locations
0-255 10 ). The following table defines these data.	 •---^

#'^	 LOCATION	 VARIA6LE	 DESCRIPTION

80 16 (128 lo)	 CLCNT	 User input number of microseconds to

elapse between each A/D read^of the

-	 highest speed data.

81 16 (129 10 )	 NDRATE	 User input number of different rates

(1, 2, or 3)

^	 82 16 (130 10 )	 NQ1L(D	 Minus total number of channel s (com-
puted from user input)

1	 83 16 (131 l . o )	 L^1CNT	 Number of reads of the high speed
channels before the lowest speed chan-

nel is read.

^	 8416 (13210)	 N^h1ED	 User input minus total number of medium 	 '

and high speed channels.

^	 85 16 (133 10 )	 MEDCNT	 Number of reads of the high speed chan-

nels before the medium speed channels

are read (user input)

86 16 (134 10 )	 NOHS	 Number of high speed channels to read - 	 ^^

user input
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LOCATION VARIABLE DESCRIPTION

87 16 (135 10 ) BUFZER Buffer ze ► • o starting address minus 	 1.
Fixed at 77C,6

813 16 (136 10 ) BUFZtJD Buffer zero end address.

Set to 664, f,,	 but will	 be changed	 if
the user sets the data buffer length

to less	 than	 1000.	 '

89	 16 (137 10 ) BUF^tIE Buffer one starting address minus 	 1.
Fixed	 at 67D16•

8A 16 (138 10 ) NDBJFI End address for Buffer one.
Set at F65 16 ,	 but will	 be changed	 if
the user selects a data buffer length	 '---

less	 than	 1000.

x6 16 (139 10 ) BUFUSE Buffer in use pointer.

Initially set at zero but	 is changed

when data	 buffer	 1	 is being filled

with digitized data.

80 16 (i^10 1 o) h1NnBUF Maximum buffer length including header

information.	 Fixed at 401 16	(102510)	 ""'-

8D 16 (141 10 ) TP(dUT Tape output flat;	Initially set to

zero,	 but is set to	 w'^en a data buf-

fer has	 been filled ant,	 is	 ready for

output to tape.

8E 16 (142 10 ) D^NCLK Flag,	 initially zero,	 set	 to one when-

ever the Systron Donner clock timer
has	 been read and are ready to be

unpacked.

8F 16 (143 10 ) BGNCHN Address of the first high speed A/D

convertor channel.	 Default value is

zero.

90 16 (144 10 ) ADC RU Flag which	 indicates an A/D convertor

read is in progress

1
9116 (145 10 ) DQIWMS Timer read from the Systron

92 16 (146 10 ) DNSEL Donner r•^hen data buffers are

9316 (147 10 ) DNMIN switched.	 These times are in a^

94, 6 (148 10 ) DN^UR pseudo BCD format, Complemented.

'^` 9516 (149 10 ) STIiR Systron Donner timer at which	 `
96 16 (150 10 ) ST^•1IN	 ^ the user wants	 to begin digitizing

97 16 (151 10 ) STSEL	 I data.	 Default values are zero.

98 16 (152 10 ) STRMS ^---
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LOCATION VARIABLE DESCRIPTION

'^ 9916 (153 10 ) STPNR Systron Donner timer at which the
9A 16 (154 10 ) STPMIN the user wants	 Y.o stop digitizing
96 16 (155 10 ) STI'SEL data.	 Default	 values	 are	 1E00 16 •	 ^	 '

,l 9C 1 6 (156 10 ) ST^1Ph1S

9D 16 (157 10 ) BUFHDI Buffer one deader address minus
^ one.	 Used for tape output.

9E 16 (158 10 ) BUFHDO Buffer zero header address minus

one.	 Used for tape output.

9D 16 (159 10 ) h16UFLG Negative of Maximum buffer length 	 '
including header.	 Set by user with

^ a	 default value of -102510.

A016 (16010) MXDBUF h1aximum data buffer length.

Set at	 100010.^

A1 16 (161 10 ) PAR Number of parity errors detected _

during tape output of the digitized

data.

A2 16 (162 10 ) TIMG Plumber of timing errors detected	 """^

during tape output of the digitized
data .

A3 16 (163 10 ) HDBFLG Length of the header portion
of each data buffer.	 Set at 2510.

A4 16 (164 10 ) 6UFTTY Address of the teletype data buffer.

Address	 is	 100 16	(25610).

A5 16 (165 10 ) STATUS Temporary storage for the status word

^ of the tape write operation.

c A616 (166 10 } TAPEND Flag signifying end of operation on

tape.	 ^Jrites	 during	 test.

^ '

Also used for control	 purposes, are the addresses of subroutines which are

general	 in nature or called by more than one other subroutine.	 These are

1 defined	 below -	 ,

70 16 (112 10 ) FETCH Used	 to coordinate data	 input,	 e.g.,

reads a buffer from teletype and checks^

for data errors.

71 16 (113 10 ) CRLF Outputs a carriage return-line feed to	 '

to the teletype.

72 16 (114 10 ) (dTL Outputs a	 line to the teletype.
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7316(115,0) UNPACK Unpacks the System Donner Time from
pseudo BCD to binary.

74 16 (116 10 ) CpNVR Converts ASCI:	 Input number to a signed
binary integer	 and checks	 for• overflow
(number	 too l:,rge).

75 16 (117 10 ) TDUh1P Starts	 tape I/^ during a	 test and writes
ELF Marks after test.

76 16 (118 10 } DEL Converts a bin^^ry integer to a string of
ASCII digits	 for output.

77 16 (119 10 ) ITT Inputs one ASCI1 Character from the
teletype.

78 16 (120 10 ) ITT Outputs one ASCII character to the
teletype.

79 16 (121 10 ) TYPIN Routine called to fill	 the teletype
input buffer.

7A 16 (122 10 ) RESTER Restores	 the e;.ecutive data table
(locations	 80 15	to A5 16 )	 to	 it's
initial	 value,	 and zero	 the diyitized

data buffer areas.

7B 16 (123 10 } STOPIT Routine to st,^p the data acquisition
and restore	 tl^e acquisition routine 	 to
its	 initial	 state.

The buffers which are used to accumulate the digitized data consist of two
blocks of core, each 1025 10 words	 in length.	 The first 25 10 words of each

block are	 leader data,	 20 10 of which may be set by the user.	 The blocks
are described below.

LOCATION BUFFER DlORD	 PURPOSE

764 16	1 1 Buffer record counter incremental by

B65 16	f the executive.

765-768 16 	^
666-66916

2 - 5 Storage for Systron Donner time at
which the first data for this record

'^	 769-77016	 l

66A-67D 16 j

a^ere acquired.

6-25	
Eleader information stored by the user.

The 20 10 words are constant during a

given acquisition.

t
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77D-664r^	 26	 Digitized data. Note tl ►at these end
67E-F65 16 ^	 1025	 addresses are only valid for the max-

imum data buffer length, 1000, 0 . Also
t he data will he stor •eci in the order	 '
ti^at it is read, ie. there is no attempt	 -^ .

to group the data by channels, rates, etc.

4.3.2.0	 Operator Interaction with the DGAS

The GDAS acts in a conversational manner with the user via the

teletype.	 In response to questions and for all data (numeric) input, a 	 ^-^
slash (/) is used to terminate t^ ►e input. For correction of input prior 	 ;:^•,
to the slash, the last character input can be deleted by an up arrow (T)
and the entire line deleted by a back ({-). Of the particular input is
rejected by the GDAS, the back a^ •-row and a carriage return - line feed will

be printed.	 Tt► e quantity will be requested again.

The following inputs are requested by the GDAS.

6 DAS .	 ""'"

	

1 1	 Number of different data rates, the

No. Rates	 2	 user must input, 1, 2, or 3.

	

3	 ,..,,,

h1ICROSEC PER HI SPD READ. 	 Plumber of microseconds to elapse between

reads of the highest data rate. For

example, 1000 samples/second would be
1000 microseconds; 100 samf^les/second

would be 10000 microseconds. The lowest
rate which can be input fo ►• a high speed
rate is 62500 microseconds/read or 16

samples/second. This does not preclude

lower rates if more than one rate is used.

DATA QUF LENGTIi, MAX I S 1000	 Length of the data buffer to be filled
before output to tape. This number should
be chosen with care-especially with multiple

data rates-so that the data from each rate
will appear at tare same place in each buf-	 •

fer. For example, with four channels of
data at 320 samples/second and eight chan-

nels at 2 samples/second, a good number

for buffer length would be 648. (4x160+8).

The buffer would be dumped each z second.

ADC CHANfJEL	 Address of the first A/D convertor chan-

nel to be read, i.e. the first high speed

channel.
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GAIN Gain to be applied to each A/D
conversion.	 Gains available are

times	 1,	 Z,	 4,	 or 8.

N0.	 HI	 SPD CHAtJS. Number of high speed channels to read.

For one rate,	 this number will	 be the	 '
,^ total	 number of channels.

fJO.	 h1ED SPED CHANS. Number of medium speed channels to read.
t The output applies only when there are

two or three rates. 	 41hen there are two
rates, this	 is the number of lower speed
channels	 to read.

^d0.	 LO SPED CHANS. Number of low speed channels.	 This output
at^plies only when there are three rates.

This input is the number of channels for

the lowest rate.

^` N0.	 HI	 SPD READS/h1EDIUht 	 READ. Input the number of times to read the
fastest rate before reading tine mid-rate

^` (or in the case of	 two rates,	 the low	
w;.^^

rate).	 e.g.,	 Suppose	 the high	 rate	 is	 ^^

100 samples/second and the mid rate is

25 samples/second .	 Tf^e number to be	 "'^'
input would be 4 =	 100/25.^

N0.	 F^ISPD READS/LOW READ. In the case of three data rates, how many
times are the highest speed channels read

before the lowest speed channels are read?
Eg.	 Suppose the rates are 500,	 250, and 25

samples per second, 	 rest^ectively.	 The

,_ response to this input would be 500/25 = 20.

I1^PUT DATA FOR TAPE HEADER? Yes or no response.	 This question asks	 if

the user desires to store constant numeric^

l
data	 in words 6 throuyh 25 in the header of

•rr each buffer.	 This data	 is output to tape

with	 the digitized data.	 See 4.3.1.0 for

frarther data description.	 If a yes response

is given,	 the GDAS asks for the input to
word 6,	 then 7,	 then eight,	 etc.	 If the

^ user desires	 to terminate the header int^ut,

he may enter letter A followed by a slash.

41RITE [3EGINNI^tG Ey1F?	 This allows the user to write a end of file
on the beyinning of his tape. One reason to

do so is to allow the tape to space past the

extra 3 inches at the beginning. This 3	 `

inch gap is especially important during hiyh

seed acquisition rates. (See 4.3.2.1 for
more detail.)
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^IAki	 TIMES? Uoes the user want to input the Systron
Uonner times	 (hr,	 min,	 Sec)	 at r•^hich	 the
GDAS	 is to start digitiziny data? 	 Yes
or No response reclui reci !	 I f yes ,	 the	 - .
user must input the times as requested

If no, the GDAS uses zero as the default
value.

STQP TIMES? Same as start times except these times

are when to stop acquiring data. 	 The
default value is 1E00 1 6 if a no response

is entered.

A	 j '

S TO START This	 is an input which prevents the GDAS
from looking at the start times. 	 It is
useful	 if the default is entered or if

the user must position an analog tape for

playback.	 The quantity S/ will	 st^^rt the
GDAS .	 '

When a test is completed, either by reaching the stop times or by an x input,
ttre	 GDAS will	 allor•^ additional tests to be conducted with the same data	 ^-
input.	 This question	 is

CONTINUE TEST WITH NEW TIMES?

If a yes response is entered, then ne^•^ start/stop times are requested. Then

the test may be restarted by using the s/input. If a no response is entered,
the GDAS will ask of the tape is to be rewound betr•^een tests. If yes, it
rewinds the ta F^es.	 In either case, the GDAS initializes itself, i.e., the

user must enter ne<•^ inputs for rates, etc.

4.3.2.1.	 Timing Estimates for GDAS

The GDAS will digitize data at various rates, write various

length records depending on the user's inputs. For this reason, the user

should put some "handle" on whether his specific ►-ates arrd data buffer	 '.

lengths ar-e feasibile. As mentioned previously, the minimum single rate 	 t
speed is 16 samples/second. To determine the maximum rate, several tests

were conducted. The results of these tests indicate that the tape speed

will be the limiting factor. The only control the user has over tape
sheed is to vary his buffer length. A longer buffer will take longer to
fill than to dump in most cases. The limiting case is:

Time to fill buffer	 0.046 + 0.0001 (buffer

with data in seconds	 '	 length in words).

H-7
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The above inequality has been tested with 6 channels of data at 1000
samples/second using various buffer lengths. The minimwn buffer length

wh1Ch worked was 690. The time required to fill the duffer and to dump
the buffer in this case is identical. Note that^the above inequality and

test are based on the GDAS not being required to write a record from tl^e

BOT (beinning of tape) position. The first operation from BOT requires

.197 seconds to simply start and stop the tape. Hence, if the user is
dealing ^^^ith high rates, he must not start the tape from BOT. A beginning

dumpy record or an end of file can be used to position past the BOT.

t
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4.3.3.0.0 Subroutine Description

All	 routines are documented according to the pattern strown belovr:

.0 name

.l purpose

.2 calling sequence

.3 software/software interfaces

.4 input data

.5 output data

.6 storage required

.7 description
-^• .8 flow diagrams

4.3.3.1.0 BEGIN - Pre- and Post Test Control 	 Routine

^ 4.3.3.1.1 Tire purpose of this program is to control 	 the floty

of	 input data	 from the user and to insure that all

required inputs	 are within tolerances.	 BEGIN also
starts	 the test by calling the test routine.

4.3.3.1.2 Calling Sequence -
JST	 *BEGIN

^' Where BEGIN is a core location which contains 	 the
^, value	 110,6.

4.3.3.1.3 Software/Software Interfaces

BEGI^J uses	 both external	 and	 internal	 subroutines.
If no indication	 is yiven,	 the subroutine should

be ass urned	 to be e^cternal.

RESTpP Subroutine called	 to restores all	 the GDAS variables
that may be changed by the user to their default
values.	 It also resets	 all	 the I/p devices.

CRLF Subroutine called to	 issue a carriaye return - 	 line

feed to the teletype.

yi71^L Subroutine called to output a message to the teletype.^

FETCH Subroutine called to output a message and return the

numeric response in the A register.	 It skips forward

^ one instruction if the numeric input was free from
character errors.

^^, TYPIN Subroutine called to fill	 the 16 character teletype

input buffer,	 BUFR.

CHKIT Internal	 ;ubroutine uszd to check for the na change
condition	 in variables whose	 input	 is optional.	 The

routine FETCH returns an error condition for this

particular case when possibly no input error has been

^
r

made.

H-9



,•..

i I	 ^ r

r_ ._ I	 I __.._..

^' .

EINS	 - Subroutine called to input data pertinent to a one

rate data acquisition.

ZWEI	 - Subroutine called	 to input data pertinent to a two
rate data acquisition.

DREI	 - Subroutine called to input data pertinent to a three	 --
rate data acquisition

HEADER Subroutine called to input and store constant data
into the 25 word tape buffer header.	 Only twenty

words of input are allov^ed:	 The other five are
reserved for record number and time.

TPCHK Subroutine called to check for the tape ready condi-
. t-ion,	 i.e.	 tape	 is	 on-line and	 not write	 protected.

ADCHK	 - Subroutine called to check that the A/D convertor is

not in mannual mode.

READ^N - Internal	 subroutine called to read the Systron Donner

time code generator to determine ►,Then	 to start the	 '^
test.

UNPACK - Subroutine called to unpack the Systron Donner time	 --

from pseudo BCU to binary.

TEST	 - Subroutine called to start the data acquisition and

remain irr control	 throughout the test.

4.3.3.1.4 Input Data	 - Tire following	 paran^ters must be available

for storage/use by BEGIN

BUFR A 16 word teltype input buffer filled by TYPIN. 	 .---

N^RATE Number of A/D rates

CLCNT Plumber of microseconds betvreen highest rate reads

of the A/D convertor

P^AXBUF P4axinrum data	 buffer	 l ength	 (defaul t	 1000 10 )

BUFZER Startiny address minus 	 1	 for data buffer zero.	 (Set	 ,
at	 77C16)

BUFZND End address of buffer zero	 (default B641^)

BUF^PJE Start address minus	 1	 for Buffer Une (set to B7Ulc)
i

'1DBUF1 End address of buffer one (default F6516)

ti
1
1
,^

4i
4
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HDE3FLG	 Jteader lenyth on data buffer (set at 25)

t•1BUFLG	 hlinus buffer lenyth including header (default=-1025,0)

f3GNCHN	 First A/D channel to read (default = 0) .^
STHR	 —

STt^IN	 Systron Donner Strat Dour, minute, second, and
STSEC	 t•lillisecond (default is 0)
STW^S

STPHR

STPt^ItJ f	 Systron Donner stop hour, minute, second, and
STPSEL	 millisecond (default is 1E00 16 )	 .,
STpPMS

In addition to the above values, the pointers to subroutines FETCH, 	 ,
CRLF, RESTER, UNPACK, and TYPIN must he available in Scratch pad
(locations 0 to ?_55). QUFR is stored at 256 ► o to 271, F . The binary
numbers for the above values are returned from subroutine FETCH.

The inputs t•,hich may be alphabetical are put in the teletype buffer, 	 "'"'
QUFR, and then checked for the appropriate alphabetical value by

E3EGIN.
._-.

The hours, minute, second, and millisecond are input by internal

subroutine READQIN.

4.3.3.1.5	 Output Data

The specific names in the input section may be changed if there is a

default value. In addition to tJ^e above outputs, the following sub-

routines have calling arguments as indicated.

FETCH -	 TJ^e address of theiTiessage requesting numeric input
is transfered through the x-register.

pTL	 -	 The terminating character of a message is transfered

through the S-register. The address pointing to the 	 ,

first word of the message is stored in the first

1 ocati on after the ca 11 to Q1TL .

READ^N -	 The code for tJie time to be returned (hours, minutes,

seconds, milliseconds) is passed through the x register.

UNPACK -	 The pseudo aCD time code in passed to this subroutine

through the A register.

CHKIT	 -	 The first character of tJ^e teletype buffer, QUFR,	 ,
must be available. Since CtJKIT is an internal sub-

routine within +255 of BUFR, no special action is 	 ---

required.

H-11

i

^.

^^



After the

,^	 is asked about continuing

the user to have a short
changing his fixed data.
The GDAS then initializes

TYPIN_	 Any single character to be output before filling the

teletype buffer with input must be passed through
the ^ register.

4.3.3.1.6.	 Storage Required	 - BEGIN requires 183 16 or 38710
^' words of memory.	 --

4.3.3.1.1	 Description

The tasks of BEGIN are to: 	 obtain all	 the required
^ and optional	 inputs from the user;	 insure that the tape and A/D

converter are ready; and to start the acquisition at the specified 	 '
Systron Donner time (If the default values are used, 	 the acquisition

,^ starts	 innnediately).	 BEGIN Accomplish.	 The first task by calling 	 —""

the appropriate support subroutines to get a message to the user

^ requesting	 input and return a binary number for those numeric 	 inputs.

In the case of a question, a yes or no response is required. 	 If an
'^ error is detected in either the optional	 or mandatory input, the

request for data	 is typed again.	 In the specific case of the number
of microseconds per high speed read, BEGIN cannot determine if the

error was legitimate.	 It requests that the user verify that the
input is okay.	 The only correct input which can trigger the veri-

fication is	 if tFre number of microseconds is greater than 32767 and

less	 than 65535.

The second task is accomplished by calling the A/D

^:onvertor and tape check routines. The A/D convertor checks only
fc,^- the convertor being in manual mode.	 If so, tine routine outputs
diagnostic message and continues checking until the convertor is

placed in automatic mode. The tape check routine checks for tape
on-line and not write protected. If either/o ►- both conditions are
not true, a diagnostic is output. The conditions) must be connected

before BEGIN will continue.

After the tape and A/D convertor ar •e checked, BEGIN
',;	 will then start the test sequence by asking about writing a beginning

end of file. The user can ^ •^rite an end of file to position past the
'^	 first three inches of tape (recommended for high data rates). BEGIN

will then request an S to begin checking the Systron Donner times

against the start times. This allows the user a chance to review
^	 his input data before actually starting the test.

test acquisition is com^^leted, the user

tiro acquisition with new times. This allows

calibration run and Bien a long test t•^ithout
The tape can be rewound if the user desires.

itself and starts the whole sequence again. 	 '

H-12	 '
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4.3.3.2.2 The calling sequence is LDX Address of message
1^

JST FETCH

Returns here if input in error
^ Returns he ►•e if input	 is okay

Qinary integer is	 in	 the A register.

^,
4.3.3.2.3 Software/Soft ►•ra re	 Interfaces.

FETCH Interfaces with the following subroutines -

,^ CRLF Subroutine which issues a carriage return - line
feed to the teletype

QTL Subroutine ^•rhich writes a	 line to the teletype

TYPIIJ Subroutine which fills the teletype input buffer.

CONVR Subroutine ^•rhich converts ASLII	 integers	 to a
binary number. ^...;

1
	

^,^

+^	 4.3,3.2.0	 Subroutine FETCH

	

4.3.3.2.1	 The purpose of this subroutine is to cutput a
message requesting numeric inp^rt ^^nci convert the
subsequent input to a binary integer. 	 r•,.,

4.3.3.2.4.	 Input Data - The address of the message to be

r.	 output is transfered to FETCH through the x register.

A binary number is returned from CAIJUR in the A
register, and if an error was detected, the over-

flo^•r bit grill be set. The address of the teletype
buffer must be available in location A4 16 of scratch-

`^	 pad .

4.3.3.2.5	 Output Data	 -	 Subroutine FETCiI passes	 the terminating

1^ character of the message requesting input through

tine A register.	 The address of the	 fi ► • st word of the
message is stored	 in the first location after the

call	 to the message writer,	 ^TL.

FETCH transfers a blank character to the teletype

71 input routine, TYPIN, through the A register.

^^ The address of the teletype buffer is transfered to

the ASLII	 to binary conversion routine, CpIJVR, 	 through
ti ► e	 x register.

Tire binary number that FETCH was requested to input

is transfered to the calling program through the A

register.

4.3.3.2.6	 Storage Required - Subroutine FETCH requires D 16 or

1310 locations.

•	 H-13
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4.3.3.2.7	 Description

	

1	
When FETCH is called, the address of the message

requesting ail input number is in the x register. FETCH stores that
address in ^:he first location after the call to the message writer,

^TL. FETCH then issues a carriage return-line feed by calling the

	

,^	 routine, CRLF. After return'ng from CRLF, FETCII loads the terminating
character intr ► the A register befo ►•e calling, ^TL. The terminating
character i s al ►^lays a period (.) for any message frorn FETCN. After

	'^	 the message is printed by pTL, FETCN calls the routine TYPIN to fill
the teletype input buffer. Upon return from TYPIN, FETCH loads the
address of the teletype buffer into the x register and calls the 	 .

	

—	 conversion routine, COfJVR. 4Jhen CONUR returns control to FETCH, a

	

t	 binary number will be in the A register. The overflow bit will be 	 ^^

	

h	 set (i.e., 1) if CONUR was unable to convert the number. If the

	

,^	 overflow is set, FETCH returns control to the first location after

the calling program. If the overflow is reset (i.e., 0) the return

is to the second location after the call .

i

x
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4.3.3.3.0 Subroutine CLACK and STOPIT

4.3.3.3.1 The purpose of this subroutine is to respond to the

real	 time clock	 interrupt and to start the data

acquisition.	 The purpose STOPIT is to reset the

clock subroutine.

4.3.3.3.2 There is no calling sequence since this 	 is an

interrupt subroutine.

4.3.3.3.3 Software/Software Interfaces.

CLOCK calls internal	 subroutine.
STRTAD to reset and start the A/U Convertor.

Internal	 subroutine ST^PIT	 is called by external	 _____

programs to reset the CLACK routine variables to

their	 initial	 state.

4.3.3.3.4 Input Data-There are no data 	 inputs thruugh calling

sequences.	 Hot•^ever,	 the following variables must

be available	 in scratchpad	 (locatio:^s	 0-25610)	 ,_,

LOCATION VARIA(3LE	 I?FSCRIPTION

81 16 N^RATE	 Number of Rates (1, 2, or 3)	 '—"

82 16 NpL^	 Number of Low Speed A/D channels

83 16 LOCNT	 Number of High speed reads per low speed

read

84 16 NOMED	 Number of medium speed channels.

8516 ^•1EDCNT	 Number of high speed reads per 	 medium
speed read

86 16 NQ1NS	 Number of high speed channels

87 16 E3UFZER	 Starting address for storing data 	 into

buffer zero.

88 16 BUFZND	 Ending address for storing data	 into	 '

buffer zero.

89 16 (3UF^1NE	
Address for buffer one.

8A16 ND[3UF1

8C 16 MAX6UF	 Data buffer length

3Dl E; TP^UT	 Tape output flag

7
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LOCATION VARIAaLE DESCRIpTIOrI

8E 16 UONCLK Systron Donner time conversion flag.

8F 16 BGNCHN Beyinning A/D channel	 number

91 16 D^Nr^1S Temporary storage for
92 15 DJSEC Systron Donner times

9316 DNh1IN (Flours,	 rninutes,	 seconds,
9416 ONHRS and milliseconds)

86 16 [3UFUSE Flag indicating w^rich data	 buffer	 is
currently being filled	 (buffer zero
or one).

Subroutine STOPIT sets the following variables to their initial state.

BUFEND	 End of duffer sentinel set to 0.

D{DNCLK	 Systron Donner convert flag set to 0

CNTrdED	 rlediurn A/D rate internal counter to -1

^NTLO	 Low A/D rate internal counter to -1

A^CtJUr1	 Number of A/D Chanel s to read to -1

4.3.3.3.5	 Output Data -CLOCK outputs the start codes to the
A/D convertor and sets up the automatic input loca-

tions for the digital inp^^t values.

4.3.3.3.6	 Storage Required - Tl^e CLOCK program requires 66 16 or
10? 10 	 locations.	 This includes 141olocations
required by ST^PIT.

4.3.3.3.7	 De^criptiorl - When a clock interrupt occurs, the

CLOCK subroutine responds by clearing the interrupt.

Since the time period between hiyh speed A/D reads

was used as a clock count, each interrupt siynals

the start time for high speed data acquisition.
The low and medium speed counters are checked (and
incremented) to determine if the low and medium

speed channels are to be read on this particular
interrupt. After the number of channels to be read

^ s deter•mi ned, CLOCY, checks the buffer to i nsure
that all the data to be converted 1•^ill fit.	 If so,
the acquisition is started.	 If the data will not

fit, the bufferes are switched and the A/D convertor

is started. The Systron donner times are read and

the donner time convert and tape output flags are set.

7
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	4.3.3.4.0	 Subroutine TEST

	

4.3.3.4.1	 The purpose of this subroutine is to control the

background tasks during a data acquisition.

	

4.3.3.4.2	 The calling sequence is JST * TEST 	 •`

	

4.3.3.4.3	 Software/Software interfaces.

Subroutine TEST calls	 the following programs.

CLOCK ;lied for the fist data acquisition

All	 additional	 acquisitions	 are done with clock

interrupts.

TDUI^iP Called to start the data transfer to magnetic tape

and to write end of files on the tape.	 The A register

contains the minus number of words to be transfered and

the X register contains the buffer address minus one.
The A register is loaded with -1	 for writing end of

files.	 '

UNPACK Called to convert the Systron Donner times from packed
BCD to binary numbers.	 The A register contains the 	 --

number to be converted.

STpPIT Called to stop the data acquisition and 	 reset tl^e

CLOCK routine.

OTL Called to output messages to the teletype

ODEC Called to convert a binary nwnber to decimal and

output i t to the teletype	 ..._-

CRLF Called to output a carriage return-line feed.

4.3.3.4.4 Input Data - There are no data 	 passed as calling argu-
ments.	 liowever,	 the following	 variables must be	 ,
available	 in	 scratchpad	 (locations 0-255 1 r,)

r
LOCATION VARIABLE	 DESCRIPTION	 .

88 16 BUFUSE	 Buffer in use flag.

8E 16 D^NCLK	 Donner Clock time conversion flag.

80 16 CLCNT	 Clock count (time between	 interrupts)	 in

microseconds.

H-18
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'	 4.3.3.4.5	 Output data - The following messages are output
from TEST.

1 - UONE - ERRORS -- PARITY XXXX TIh11t1G. XXXX

2 - XXXX RECpRDS WRITTEN.

	

^'	 --

3 - RATE Tp0 FAST!

Message one and two - give numeric values for the parity and timing errors and

	

'i	 the number- of records written.

	

^	 _

	

'	 Ftessage ti^ree indicates that one buffer is full before the previous buffer
has been completely output. This is an abort condition. 	 .^-.

4.3.3.4.6	 Storage required. TES1 Requires AE3 1F or 171 10 locations.

	

^	 4.3.3.4.7	 Description. When TEST is called, the apt^ropriate
counters (parity error, timing, tape output, etc.) are set to zero and the

appropriate I/O devices are set up. The clock is started and subroutine 	 ^^^^
CLOCK is called to start ^.,^ data acquisition. TEST then enters a loop.

The first step of the loop is to check fora buffer ready for output and

tape not busy. If a buffer is ready, it is output with a call to TDUt1P. 	 ^---

	

7	 If not, then the second step of the loop is executed. The second step

ci^ecks for Systron Donner times to be converted. If there are ±inles to

be converted, then the routine UNPACK is called. After the times are

	

^	 unpacked and stored for output, the test :top times are checked to see
if the test has exceeded the time. If so, the test is stopped. If not,

the third step of the loop is executed. This step looks for an 'X' char-

acter from the teletype. If an X has been input, the test is stopped. If
an X has not been input, the loop is repeated.

After the test has been completed, subroutine TEST writes t ►•^o end of files

	

^	 on the tape and backspaces over the second. It then informs the user of
any tape errors and of the total number of records written on tape. Control
is then returned to the calling program.

1
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8D16 TP^UT Tape output flag.

91 1 6 DONJ^iS
92 16 DtJSEC Temporary storage for Systron
93 16 D^JMIN Donner times.

94 16 DNHRS

I

99 16 STPHR

9A 16 STPh1IN Test stop times	 in hours, minutes,

9G 16 STPSEC seconds,	 and milliseconds.

9C 16 STpPMS
^

9D 16
9E 16

f3UFHDI

F3UFHD0 }
Address of the data buffers.

9F 16 ME3UFLG Minus data buffer length.

A1 16 PAR Tape parity error counter.

A2 16 TIMG Tape timing error counter.

A6 16 1APEND Tape end of operation flag.

In addition, the addresses of all the external subroutines are stored in

scratchpad.

LOCATIO^J	 ROUTINE

36 16	 CLACK

71 16	 CRLF

72 16	 ^JTL

,i	 7316	 UNPACK

i ^	 7516	 TUUMP

^	 7616	 OUEC

^	 7616	 ST^PIT
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4.3.3.5.0	 Subroutine RESTOR

1

7

7

4.3.3.5.1 T!re purpose of this subroutine	 is	 to reset all	 I/O

devices and to restore all	 scratchpad variables to

their	 initial state.

4.3.3.5.2 Calling Sequence. The calling sequence is JST*REST^IR

4.3.3.5.3 Software/Software Interfaces - none

4.3.3.5.4 Input Data - none

4.3.3.5.5 Output Data - The followiny	 list of scratchpad

variables	 are restored to the indicated values.

LOCATION VARIABLES VALUE

80 16 CLCNT 0

81 16 NORATE 0

82 16 N^L^ 0

83 16 L^CNT 0

84 16 N^h1ED 0

85 16 MEDCNT 0

86 16 NHS 0

87 16 BUFZER 77Cr6

88 16 BUFZND 86416

89, f, BUFpNE 87D16

8A 16 NDBUFI F6516

BC 1 6 ^^IAXBUF 1025

8F 16 BGNCHN 0

90 16 ADCRD 0

95 16 STHP 0

96 16 STMIN 0

97 16 STSEC 0

..,..
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LOCAT l ON VAItIAt3LE VALUE

981 6 STRMS 0

99 16 STPHR 0

9A 16 ^TPMIN 0	 —

96 16 STPSEC 0

9C 1 6 STOPh1S 0

9D 16 QUFHDI 66416

9E 16 6UFHD0 76316

9F 16 h1QUFLG -1025

A0 16 MXaDUF 1000

A3 16 HDE3FLG 25

A6 16 TAPEND 1

The twenty five header words in each data buffer are also filled with zeros.

4.3.3.5.6	 Storage Required - This routine requires 4116 or 6510

locations.

4.3.3.5.7	 Description - The I/O devices are reset first. Then
the appropriate values are restored by using constants defined in P,EST^R 	 ^'

or by constants defined by load A register immediate instructions.
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4.3.3.6.0	 Subroutine FINS, ZWEI, and DREI

4.3.3.6.1	 The purpose of these subroutines is to input Gata

generic to the number of A/D conversion rates.

4.3.3.6.2	 Calling Sequence - The calling sequences are -

I	 ,1ST ^' UREI
I + 1	 NAP
I + 2	 N0P
I + 3	 RETURNS HERE

I	 JST * ZWEI	 _
I + 1	 RETURNS HERE

I	 JST * EINS
I + 1	 NpP
I + 2	 RETURNS HERE

4.3.3.6.3	 Software/`software interfaces - Subroutine FETCH is 	 "'

called to ^:ype the data request and read the input
value.

4.3.3.6.4	 Input Data - The only data input is ti^rough tl^e tele-
type and is returned in the A register by FETCH.

The following input values are required by the indicated

entry point.

ENTRY POINTS	 VARIAaLES REQUIRED

EItJS, ZWEI, DREI	 NHS number of High speed A/U channels.

ZWEI, DREI	 PJ^MED number of medium speed a/D channels

DREI	 N0L0 number of low speed A/U channels

ZWEI, DREI	 MEDCNT number of times to read high speed channels	 ,

before reading medium speed channels	 '

DREI	 LpCNT number of times to read hiyfr speed channels
before reading low speed channels.

4.3.3.6.5	 Output Data - The Data which are teletype inputs are

stored in scratch pad (locations 0-255).	 In addition,	 `

descriptive messages requesting input are passed to

FETCH to be output to the teletype.
.--
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4.3.3.6.6	 Storage Required -The total storage required by
the three entry points is 71 1f or 113 10 locations.

4,3.3.6.7	 Description -Each subroutine only types out that	 _

information arhich i5 generic to its specific rate. The K reyister is

^^	 loaded frith the address of the message to be output. Subroutine FETCH
is called to type out the message and read tale input nunrl^er. If the
number is in error i.e., couldn't be converted from ASCII), FETCH returns
to the next instruction East the call. The message loop is ti^en repeated
If the value is valid, it is stored and tfle next call to FETCH is executed.
All the entry points return control to the calling prograrrr.

1
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~^	 ! ^-^^	 ^_—_^	 ^	 ^	 '^	 —	 ~^^^^	 -
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^^
^^^ ^^

^

^ ^	 ?

^
NN 4'3'3.7.O 5ubroutine HEADER

N0 4,3.3,7.l The purpose of th^s subrout^n2 is ^o accept us^r	 ^
^

^nput d^ta	 for the data buff^r h^ad^r word6 O-^6. 	 ^._

VN0
^

4'3.3,7.2 The Calling sequ8nce is J3T ^ HEADER 	 —'--

^
4.3,3.7.3 5^ftwar2/^oy^*are lnterfaces -

Subroutine HE^DER call5^	 C^LF ^^ Uutput carriage
'N0 return-lin^ feedS^ OTT to output a single Charactgr

{r^m th^ A regi5ter^ 0TL to output a me^sage: ^nd^

NQ
F[TCH tV output a message and to read a numb g r fVr
3cVrage'

mm
.

N 4.3.3.7'4 lnput Data - The following data must be available	
----

^
^

i	 th	 dn scra c pa	 -

9D/o	 BUFHDl Addres^ oF the buffer header for
9E ^o	 BUFHDO buffgr one and zero'

-
A4^u	 BUFTTY Addre^^ of the teletyp^ ^npuC buff^r.	

''

?p̂
|

Th^ only other input data is fr^m th^ teletvp^ for stor^ge in the headers.
^^

4.3.].7 ' 5 0utput Data - up to 2O wurds 0f in y ^rnation may be
stured in the buffer header^Outpu^ me5^age addresses
are passed to FETCH ^nd 0TL '	A single chaructg r to

^
be ou^put	 is	 transferredtV NTT	 via	 the A regi^ter.

~
4'^'3.7'6 ^torag^ Required - H[ADER requires 57	 nr 87	 loc^tiOns.

^^ 4'3'3.7.7 DeScripti0n - HEADER call5 0TL to nutput the m^^s^ge^	 ----
^^

H[AD[R DATA lNPUT TO TERMlNATE ^	[NPUT	 'A/' '	The subroutine FETCH	 is called
tO write th8 word numher uf the head^r in to which the next inpu^ value will

^ go'	 lf the value inpu^ is	 in error,	 the FET[H	 is called	 to print the mes-
sage again '	lf thp v^lue is	 valid,	 it	 i^ stored in the headers '	The header

^^ wnrd p0inters are incremented and FETCH i^ ca^l^d again with the next wnrd
^^ number.	 The prnceSs i^ repeated until	 either 2U valu^^ are input nr the

qu^ntitv "^/"	 i^ input '	HEADER then returns control	 to	 th^ Calling program.	 '

^

^

^
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4.3.3.8.0 Subroutine PFAIL

4.3.3.8.1 The purpose of the subroutine is to provide arr^

orderly shutdown of the CF16A during a power

failure.

r^ 4.3.3.8.2 There is no calling sequence since this	 is	 an
interrupt subroutine.

^ 4.3.3.8.3 Software/Software Interfaces
This	 subroutine doesn't call	 any other subroutines.

^ I^owever,	 it does store a jump to	 the restart rou-
tine at the interrupt location, 0016.

4.3.3.8.4 Input Data	 - None
•

4.3.3.8.5 Output Data - An instruction	 is stored at the

^^ restart interrupt location

^ 4.3.3.8.6 Storage Required - This	 routine requires	 7 16	 or 710
1 ovations .

4.3.3.8.7 Description - When a power failure is detected, an

interrupt is generated.	 This subroutine responds 	 to that interrupt by

halting an tape I/0.	 It also stores a jump to the restart routine at
# location 0. The interrupts are enable and the CFIGA is halted.

^..

......
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4.3.3.9.0 Subroutine PWR^N

4.3.3.9.1 The purpose of PWIZ^^J is to	 insure an orderly restart
after a power failure.

4.3.3.9.2 Ther°e	 is no calling sequence since 	 this	 routine
responds to an interrupt at location 0.

4.3.3.9.3 Software/Software	 Interfaces - This subroutine calls
RESTQR to reset the system variables to their ori-
ginal	 state.	 It also calls	 ST^PIT to	 reset	 the
CLOCK	 data acquisition routine to 	 its original	 state.

4.3.3.9.4 Input Data - None

4.3.3.9.5 Output Data - This subroutine stores a jump to the

spurious	 interrupt handler at locat i on 0.

4.3.3.9.6 Storaye Required - This routine requires 9 16	 locations.

4.3.3.9.7 Description - Wren a restart interr^^pt occurrs at

location 0,	 this routine calls RESTER,	 ST^PIT,	 and
then restores	 the spurious	 interrupt subroutine call

at location 0.	 (When a device requests an interrupt

and does not respond with an address, the CF16A

interrupts	 to location U.)	 P4JR0N then begins execu-

tion at location	 111 16 ,	 the start of GDAS.
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^^ 4.3.3.10.(1 Subroutine BADRPT

4.3.3.10.1 Tire purpose of this subroutine is	 to alert the'

user that a spurious	 interrupt has occurred.

4.3.3.10.2 There is	 no calling sequence since this 	 is an	 '
interrupt subroutine.

4.3.3.10.3 Software/Software Interfaces - This subroutine

^^ calls ^TL to output the message -

"SPURIOUS	 )"^TERRUPT!	 CYCLE TO CONTINUE."

4.3.3.10.4 I nput	 Data	 -	 None	 •:^•;

4.3.3.10.5 Output Data - The ASCII 	 character	 '.'	 is loaded
^ into the A register before calling ^TL.

^ 4.3.3.10.6 Storage Required - This subroutine requires	 1C16
' or	 27 10	locations.

^ ...^

4.3.3.10.1 Description - 4Jhen a device requests an interrupt

and does not respond with an interrupt address, 	 the
CF16A interrupts	 to	 location 0.	 This	 subroutine	 .._..^
issues a	 halt	 I/O to	 the tape controller and	 then

outputs a message to alert the user of the interrupt

and halts.	 Although the user can restart at the

point of	 interruption,	 this	 interrupt usually signi-

fies a hard^^are fault and 	 is	 likely	 to recur until

the hardware is repaired.
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^^ 4.3.3.11.0 Subroutine TPCHK

4.3.3.11.1 TJie checks	 the tape unit to	 insure tJ^at a	 tape
is mounted and not wirte protected.

4.3.3.11.2 Calling sequence - the calling sequence is

JST * TPCHK.^^

4.3.3.11.3

-

software/Software Interfaces	 TPCJJY, calls CRLF

to issue a carriage return-line feed to the tele-
type.	 Subroutine ^TL is callers to output the
message.

"TAPE NOT OPJ-LINE."

" TAPE IS WRITE PROTECTED."

4.3.3.11.4 Input Data - None

4.3.3.11.5 Output Data - The messaye termination character is

^^ transfered to ^TL via the A register. 	 The address of

the messaye to be output i s transfered as an arg^.n^t+^
inH^rediately after	 the call.

LDA termination Character
JST * ^TL
DATA messaye address.

i 4.3.3.11.6 Storage Required - This subroutine requires 3C 16 or

48 10	locations.

4.3.3.11.7 Description - Using	 the sense instruction, TPCJ^K

checks	 to insure that the tape is on-line and not

write protected.	 If either of	 tJiese conditions are

not met,	 a messaye is output.	 TPCJJK then enters	 a

loop until	 the error condition	 is corrected.	 .After

the error conditions are corrected, TPCHK returns 	 to

1
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r ^ 4.3.3.12.0 Subroutine ADCHK.

4.3.3.12.1 Subroutine ADCHK checks the A/U convertor for
automatic mode.

4.3.3.12.2 Calling Sequence - The calling sequence 	 is
JST	 *ADCHK

^ 4.3.3.12.3 Software/Software Interfaces - This subroutine
calls CRLF to output a carriage return-line feed

and ^TL to output the message

"ADC	 I N MANUAL I.1^DE . "

4.3.3.12.4 Input Data - None

^ 4.3.3.12.5 Output Data - The termination character of the message
is transferred to pTl_ via the A register. 	 The address

^ of	 the message is transferred as a calling argument.

LDA Termination Character
JST * pTL	 ` '-
DATA t•iessage Address

4.3.3.12.6 Storage Required - ADCIiK required 16 16 or Z2 1 ^	 loca-	 --

tions.

4.3.3.12.7 Description - Using the sense instruction, ADCHK

^ determines whether or not the A/D convertor is 	 in

manual mode.	 If so, ADCHK outputs a message to

^- the user and waits for the A/D converter to be

put in automatic mode.	 ADCHK returns	 to the call-

ing program.
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