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INTRODUCTION

An experiment in El ectromyogrophy (EMG) utilizing surface electrode tech-
niques 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). This report describes the
computer program, EMGAN, which was written to provide first order data reduc~
tion 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
pattern. An interference pattern is usually so complex that analysis through signal
morphology is extremely difficult if not impossible., 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 the 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,

More recently with the increased access to the digital computers and the avail-

ability of an algorithm to economically calculate discrete Fourier transforms, it has



become common to process EMG interference patterns in the frequency domain.
Muscle fatigue and certain myopathic conditions can be recognized through changes

in muscle frequency spectra,

DATA PREPARATION

The protocol for the ASTP Myogrophy required that two 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 IRIG B 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 Sigma 3
Computer Room. Analog force data was low pass filtered at 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
was chosen as the minimum necessary for power spectral density analysis (2],

The digitized data wos organized into half second records with 535 words per
record. The 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 cal ibration and subsequent
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files containing EMG data from each muscle with the appropriate EMG calibration

signals,

PROGRAM 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
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 are essentially identical to the user. However, there are a number of
programming differences made necessary by differences in Xerox and Data
General's Fortran 1V, supporting software packages (graphical and tap« 1/0),
and peripheral hardware, Whenever these differences are sufficiently important
in describing the program they will be noted, Complete program listings of both
versions with their associated load maps are given in the Appendices F and G.

An EMG system tape exists for the Sigma 3 Computer which contains an
appropriately sized operating system, EMGAN exists in absolute binary as a file
in the User Processor area of the 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 on disk pack and on magnetic tape in the
Cardiovascular Laboratory. The absolute binary files are named EMGAN.SV and

EMGAN,OL (both are needed for program execution). The source listing is lo-



cated in separate files for the main program and each subroutine with each file
named for the subroutine it contains, How to execute arun with either computer
version is explained in a later section. The computer peripherals required to
fully execute LMCAN are a card reader, line 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 calibra-
tion required. After the raw data is converted into pounds it is averaged over a
user selected interval for output to the line printer. The maximum length of an
EMG dcta slice is four seconds Qith previous EMG calibration required. After
scaling into microvol ts, 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 the user. The raw PSD with associated header information is
outputed to magnetic fope for use in any subsequent processing program. The
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 the number and kind of data
cards, the length of the EMG data slices, whether or not the 60 Hz filter is used,
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data location on the input tape (processing data in sequential order on the tape
is much faster than skipping back and forth on the input tape), the number of
data plots, ond 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 the Nova.

EMGAN DESCRIPTION

In describing the various subroutines, differences in the Nova version from the
Sigma version will be set off with a ***, A table of formulas used in the program

is listed in Appendix D,

Main Progrrom:

The Main Program's basic task is to load the needed overlays in the proper
sequence. A flowchart is given in Appendix C. The program is organized into a
large do loop with one pass through the loop for each data card to be processed.
A check is made to determine if calibration data has been received before the
respective data type, force or EMG, can be processed. If the user should request
the processing of data without calibration, the program outputs an error message

and halts,

*** The magnetic tape units are initialized and the output tape file is open- :

ed. Upon completion of the program the tape units are released.




Subroutine CINPUT

Subroutine CINPUT inputs all data card information. Data cord format is
given in Appendix B. As each card 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, ICARD, in the user
data area of the RAD, As each data card is to be processed ICARD is read back
into main memory . The program variables are then set to the 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
ICARD (1 record, 6000 bytes, random format) if it does not already exist before

attempting to execute EMGAN,

Subroutine TINPUT

Subroutine TINPUT acquires the digitized data from the input tape. Tape
files are numbered from 00 to 99. The routine keeps track of the current file
being occessed. If a data card requests another file, TINPUT skips the tape
either forward or backward to the beginning of the requested file. Subroutine
FIND is called to position the tape at the start of the data slice within the file,
TINPUT reads either force or EMG data according to data card request, After
the data has been read, the tape is backed up to the beginning of the data slice.
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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 halts,

*** Nova Fortran calls for magnetic tape 1/0 are considerably different from
the QINOUT package used on the Sigma. Because Nova error checking is more
comprehensive, error messages given by EMGAN resulting from tape 1/0 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
is rewound to the beginning 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 QUT60

Subroutine OQUT60 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,



Subroutine DCAL

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, the first level corre-
sponding to zero pounds of force, and a second level corresponding to a known
amount of force (98 pounds in the ASTP experiment). The data slice is searched
for a jump in the data to indicate the beginning of the second level. When the
jump is found, the average number of counts three seconds before the jump is
subtracted from the average number of counts three seconds after the jump. The
difference is divided by the number of pounds represented by the jump to obtain
the scale factor. If the jump is not detected, an error message is outputed and
the program halts.

The EMG scale facter is calculated using the fact that for a zero mean,
stationary signal the standard deviation of the signal is equal to its RMS value.
(For the ASTP experiment a nominal 20 Hz, 350 microvolt RMS signal was used
for EMG calibration). The calibration data first has any DC mean subtracted
from it and the standard deviation of the data in counts is found. The scale factor
is computed by dividing the standard deviation by the RMS magnitude of the

calibration signal .



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 varicble accord-
ing to tHe maximum amplitude of the data. Force data is plotted without smooth-
ing (such as is done for the priuted output). When time domain EMG data is
plotted, only 1000 evenly spaced points are plotted no matter what the length of
the data slice, The PSD plotted is smoothed and normalized to the 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,

Subroutine MODLINE, WORDS, and BELL

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

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

Subroutine EMG

Subroutine EMG ubtracts any DC offset from the unscaled EMG data, The

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



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 force 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 inthe data
slice is found for use in plotting the data. Force data is then averaged over

intervals requested by the data card for output to the line printer.

Subroutine FFTPSD

Subroutine FFTPSD calcul ates the raw power spectral density of an EMG data
slice up, 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, The
Fourier transform of the data is then taken and the raw power spectral density is
computed. The PSD amplitudes are corrected for reduction caused by the cosine
taper, The raw PSD is outputed to magnetic tape for use in subsequent processing
programs. The PSD is smoothed over the frequency bandwidth requested by the

data card and the maximum PSD value found. A second PSD array is computed,
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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 power with increasing frequency. The expected
value and variance of the PSD are computed.

Viewed statistically the raw PSD has very poor reliability. Each calculated
value is an inconsistent estimate of the true value and has a possible random
error of 100%. Smoothing the PSD can greatly reduce the random error and pro-
vide a better estimate over the smoothed bandwidth (2). The normalized standard
error is calculated to provide information on the amount of random error associated

with each PSD valve.

Subroutine WINDOW

Subroutine WINDOW applies a cosine taper to the first and last tenths of the

data slice to reduce leakage in the discrete Fourier transform.

Subroutines RFORT and FORT

Subroutine RFORT and FORT take the 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 redl data points. The FORT computes an initial sine/cosine array and refers to
this array when computing the transform. Repetitive computation of identical sines

and cosines is thereby avoided, substantially increasing the speed of the transform
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at the cost of an extra array of size N/4, Both of these subroutines were received
from Mr. Jack McBryde of Lockheed. The 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
which corresponds to 1024, 2048, and 4096 data points, respectively. Computa=-

tion time for the Fourier transform algorithm are as follows:

# of Points Sigma Time Nova Time
1024 6 seconds 10 seconds
2048 13 seconds 22 seconds
4096 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. The PSD values are preceded by a 25-word header record. The format of
the header record is located in Appendix B. The PSD of a one-second slice of
data has 512 real values, a two-second slice hus 1024 real values, and a four-
second slice has 2048 real values. A PSD record contains 2048 integer words;
therefore, a one-second PSD fills 1/2 of one record, a two-second PSD fills one
full record, and a four-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
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EOF's. At the end of an EMGAN run the output tape consists of a file containing

all of raw PSD's from the run terminated by two EOF's.

Subroutine PRINT

Subroutine PRINT outputs to the line printer all of the processed force and
EMG data. A page of header and calibration information is printed whenever
the print switch on a calibration data card is set. The length of a force or PSD
output is checked and if sufficiently long a two column list of the processed data
is printed instead of a one column list. The frequency corresponding to each

PSD value is the center of the bandwidth.

*%* Sybroutine PRINT is named POUT to avoid confusion with Nova Command

-

Line Interpreter calls.

SAMPLE EMGAN RUN

To execute an EMGAN run on the Sigma 3 first load the EMG system tape.
Place the data cards in the card reader and power up the Computek terminal .
Mount the input data tape on unit 0 and the PSD output on unit 1. Assign the
user input device to the teletype and type in "1IEMGAN",

To execute an EMGAN run on the Nova load the EMG disk pack and bring
up the system. Place the data cards in the card reader. Mount the input data
tape on unit 0 and the output tape on unit 1. Type in "EMGAN", 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
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executed,
An example of an EMGAN input card deck with the printed and plotted out-

put is in Appendix E,
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
the 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 poini transform to be performed on the Sigma and, with proper
sizing of operating system, on the 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
obtain the average force value over the period of the EMG data slice. The force
value could be output with the EMG's PSD fo." more convenient association be-

tween the two.
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APPENDIX A

ASTP MYOGRAPHY DESCRIPTION



1.0 General Objective

The general objective of the experiment is to continue the study efforts begun
in the Skylab program to identify and describe antigravity muscle dysfunction
characteristics and consequences resulting from spaceflight.

2,0 Specific Objective

The purpose of the experiment is to assess changes that occur following @
period of disuse. Some studies suggest that the first few days of exposure to O-g
may be significant to the ultimate muscle deconditioning resulting from longer
missions. The relationship between muscle capability, in terms of strength or
tension, fatigability, ond muscle electrical activity will be investigated, as well
as the differential effects of spaceflight disuse on "fast" and "slow" muscles.

3.0 Significance

Muscle furction and condition may well be a critical determinant of man's
capacity to endure the effects of long duration weightlessness as well as the
readaptation to the earth's gravity, or to the gravity of other planets, Data
collected in the experiment will aid in quantifying the muscle deconditioning
which results from weightlessness,

In addition, an important spinoff will be the extension of an already con~-
siderable ground-based body of knowledge about the 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

The measurement of muscle electrical activity is known as electromyography
(EMG). The state of muscle function can be described by EMG measurements com=
bined with knowledge of the force being exerted by the muscle.

Electromyographic studies have shown that skeletal muscle undergo char ges
in 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
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Skylab, such as calcium, potassium, etc., and alterations in enzymic constivents
such as ATP, and acetylchol inesterase have been shown, by ground studies to
affect normal muscle function,

The EMG 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,
The 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.

B. Procedure

The 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 about 11 minutes to complete,

C. Data

The EMG data will be recorded on magnetic tape for time and frequency
domain analysis at the JSC Cardiovascular Laboratory.



PROCEDURE

Apply surface electrodes
Seat subject in muscle stress device prepared for muscle stress test

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

Remainder of calf procedure

1. 10 seconds at 10% 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

Reset muscle stress device for arm stress test

Three short (1 to 2 seconds) efforts to determine the maximum voluntary
contraction

Remainder of arm procedure
1. 10 seconds at 10% 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

Remove surface electrodes
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HEADER RECORD FOR PSD QUTPUT

Word * I = Subject Number

2 = Experiment Month
3 - Experiment Day
4 - Experiment Year
5 - Digitizing Month
6 - Digitizing Day
7 = Digitizing Yeor
8 - Flight Reference Day
9 = Run Number
10 - Analog Tape Number
11 - Sample Rate for EMG Signal (Samp/sec)
12 - Sample Rate for Force Signal (Samp./sec)
13 - RMS Amplitude of Sine Wave Cal (in microvolts)
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 Values

22 - 25 - Not Used
B-2



DATA CARD FORMAT

rirst Card In Data Card Deck
cc: 1-5 Number of data slices (max = 200)

Data Slice Cards

ce: 1-3 File data slice located in (00 to 99)
cc: 4-6 Data Type

1 =Force Cadl

2 =EMG Cadl

3 =EMG Data

4 = Force Data

cc: 7-9 HR start time of data slice
ce: 10-12 Min start time of data slice
cc: 13-15 Sec start time of data slice
cc: 16-18 Filter switch

-1 = No filter

0 = Filter 60 Hz
1 =Filter 60, 180 and 300 Hz

cec: 19-21 Length of data slice in seconds

Force data or cal - any integer number up to 120 seconds
EMG Cal = 1, 2, 3 or 4 seconds
EMG Data - 1, 2, or 4 seconds

cec: 22-24 Plot switch
0 = Plot data
1 = Suppress plotting

cc: 25-27 Print switch
0 = Print data
1 = Suppress printing

B-3



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

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

EMG Data = (Frequency smoothing only) any integer number

up to 400
ce: 31-33 Force signal gain with respect to force calibration (force
cards only
cc: 34-36 Muscle Type (cal data cards only)

1 = Brachial Bicep
2 = Brachioradialis
3 = Gastrocnemius

4 = Soleus
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TABLE OF FORMULAS

1. Force Calibration Variable (counts/pound)

FORSLP = (H/20 - L/20)/FLBCAL
where H = sum of samples for one second of force calibration level
L = sum of samples for one second of zero force level

FLBCAL = amount of force calibration in pounds

2. EMG Calibration Variable (counts/microvolt)

EMGAL =‘/ Z xf J(NPTS-1)/MAGTUD

where  3°X. = Sum of data values squared
NPTS = number of EMG cal signal samples

MAGTUD = RMS voltage of EMG cal signal

3. Mean Square (Variance)

EMGVAR = z,x?' /(NPTS-1)

where E:X|2 = sum of data values squared

NPTS = number of data points
4, Simpson's Rule (without error term)

VOLTSEC = H/3 (2SUMO+ 4 SUME - Data (1) + Data (n))

where H = spacing between the data values
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SUMQ = sum of the odd numbered data values excluding first data value
SUME = sum of the ever: numbered data values excluding last data value
Data (1)= first data value

Data (n)= last data value
5. Scaling of EMG Data (microvoits)

SEDATA(i) = (USEDATA(i) - OFFSET)/EMGCAL
where USEDATA(i) = ifh unscaled data value
OFFSET = DC value of EMG data array

EMGVAL = EMG calibration value

6. Scaling of Force Data (pounds)

SFDATA(i) =(USFDATA(i) - BASE) » GAIN/FORSLP
where USFDATA(I) = ith unscaled force data value
BASE = zero force level

GAIN = ratio of force calibration gain to force data gain

FORSLP = force calibration variable

7. Discrete Fourier Transform
N-1 =
X(n) = E x(k) (EXP (=j2 7/N)) n=0, 1,....N-1
K=0

where x (k) = kth value of untransformed data

n = number of data points

D-2



8. Power Spectral Density (magnitude)
PSD (n) = 8H/NPTS [Re(X(n))* + Im (X(n))’]

where H = spacing between data samples
NPTS = number of data samples
Re(X(n)) = real part of n'h Fourier transform value

Im(X(n)) = imaginary part of nth Fourier transform value
9. Expected (Mean) Value of PSD

EXPVAL =ZF (PSD(n) - PERCNT (n)/100)

where PSD (n) = value of nfh power spectral density bandwidth
PERCNT (n) = percent of total power coniributed by nfh bandwidth

F = center frequency of nth bandwidth

10, Standard Deviation of PSD

STDEV ='\rZ(F-EXPVAL)2* (PERCNT(n)/100)
where EXPVAL = expected value of PSD

PERCNT (n) = percent of total power coniributed by nfh bandwidth

F = center frequency of nth bandwidth



APPENDIX E

EXAMPLE OF EMGAN INPUT CARD DECK WITH PLOTTED

AND PRINTED OUTPUT
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*wxw DATA CARDS xwwx

NO. OF DATA SLICES=

00
01
01
cl
01
01
01
01
01
21
a1

DATA SLICES

VIWLWWEWEWERN-

17
17
17
17
17
17
17
17
17
17
17

41
14
16
16
1o
17
17
17

oy
17

18
ig

22
le
22
55

35
41
57
14
31

wiy
i
i
i
wi
ik
i
i |
-
il
i

cCoOoo0OoOCoOoOo0oOooo

OCOUOOOCOC OC O

O 0O

10

10
10
10
10

COOOO NGOG E O«

COOO0COO0ODOCCOoOWwWoO

oOoocoooooooocoo o

CO0COCOLOOOCOO0OO0O

cCoooocoCcocoCcoOoOoOoOCO



£8
oo
5
Sx
5@3
<&
SUBJECT NO,3 44
RUN NO,.3 3
MUSCLE? GASTROCNEMIUS

MG SAMPLE RATE (SAMP/SEC): 1000

FORCE CAL

CAL WEIGHT (LBS): 98,0

-~

ENG CAL

R¥3 AMPLITUDE (MICROVOLTS): 350,

CAFDIOVASCULAR LAKUNATURY

EMG DATA PROCESSING PRULRAM

*a* HEADER INFORMATJUN**#

EXPERIMENT DATE: 6728775 FLIGHT REFERENCE DAY: Fe1S

ANALOG TAPE NO,: 9 . VIGITIZING DATE: 6/29/75

FORCE SAMPLE RATE (SAMP/SEC): 20

#+ CALIBRATION ™aTA »w

.COUNTSILBS 39. AVG. BASELINE COUNT: =3s662. CAL GAIN: 1.

COUNTS/MICROVOLT: 6,44



*xx FORCE DATA www

Tive= 17:18216 DATA LENGTR (SECS)= 20 _ AVERAGE FURCE INTERVAL (SECS)= 1.

-

INTERVAL AVERAGE FORCE (LBS)

1 0.0
2 0.0
3 0.0
4 0.1 i
5 7.7
6 41,1
7 41.9
8 41.5
S 41,4
10 40,9
11 42.5
12 42.2
13 41.3
14 41,6
19 42.3
16 41.6
17 21.7
18 0.0
3 19 =00

o
o

0.C



START TIME= 17316322
BANOWIDTH (MZ)= 9.766
MEAN (MZ)= 149.2

-~

DATA LENGTH (SECS)~-

ma POWER SPECTRAL DENSITY UF EMG OATA ene

NORMALIZED STANCARD ERKOR= 0,158

STANDARD OEVIATIUN(HZ)= 80.8

FREU
(1)

4,453
14,065
c4.,41
34,18
43.95
53.71
63,48
73.24
b5.01
92.77

102.54
112.30
1e2.07
131.84
141,60
151.37
161,13
170.990
160.56
190,43
200.20
¢09.96
219,73
229.49
239.2%
2us9,02
258,79
268,55
276.52
2b8.,09
297.85
307.62
317.38
327.15
336.91

346,68

356,45
366.21
375.98
385.74
395,51

PSv

(MMyan2/mZ)

1.396
6.766
15152
L B .
18,558
30.225
s4,0¢0
27.169
45,652
32.585
39,468
42,109
40,91¢
45,400
39,421
43,597
36.991
34,035
20.588
el.723
23.014
27.384
20,216
15.688
17.412
13,422
9.826
10.397
9.821
6.011
8.662
7.959
b.416
5.909
7.114
$.590
3.°7°
4,024
2.574
2.234
1.672

L 1Y)
NQR M

V.0306
0.14R2
0.3319
0.507°?
0.,4045
0.6021
0.7452
0.5951

1.0000 .

0.713%8
0.86up
V.9224

0.896¢

0.994%
0.8635
0.9550
0.8103
0.7455
0.4510
0.4758
0,50u1
0.59%8
Q.4d24
0.3435
0.3814
0.29u0
0.2153
0.2277
- 0.2151

0.1317"
0.18697"

0.1743
0.1408%
0.1294
0.15%8
0.1224
0.0803
0.0881
0.0584
0.0489
0.0368

INTEGRATED EMG (MICRUVOLT#SEC)= 0.2676E 3

INTELNATED PSU (MLILNOVOLT##2)=

EMG VAKIANCE (MILWNUVULT##2)=

% uF
Tatrag

0.17
0,84
1.68
2.87
2.30
3.74
4.21
3.5%6
5.03
u.os

4,89

5.21
5.06
S.02
4.68
S5.40
4,58
4,21
2.55
2.69
2.85
3.39
2.50
1.94
2.16
1.66
1.22
1.29
1.22
0.74
Ll 1 I
0.99
0.79
0.73
0.88
0.69
o.“':r
0.50
0.32
0.28
0.21

Cum %
TOTAL

Vel?l

1.01

2.89

ST

8.0S
11.79
16.00
19.36
25.01
29.05
33,93
39.14
4u,2l
49,83
Su,71
60.10
64,68
08.89
71.64
74.13
76.98
80,37
¥2.87
84,81
86,97
88.63
89,84

91,13

92.135
93.09
94,16
9549
95,94
96.067
97.55
98.25
98.70
99.20
99.52
99,79
100,00

0.7890E 4

0.8014E 4



FORCE CALIBRATIO

17:41;

17:41: %9

159

: 1 3 1 i 1 1 !

X 2 . e 3 19 n 14 16 L S il G L il
TINE IN SECTHDS

SUDe 44 BXP DATE 6723775 Rt S
ARQUNT CF PFCACE CAL L3 22
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17:16:16

17:16: 28

i ! : 3

<] [t 18 12
TINE IN SECTHD3

EX? DATE &/23/75




 EMC DATA

17:16:22

17:16:26

(] 1 1 & kT i |

1289 2029 2583 b 289 ecests,
TINE IN RILLISECCNDS

EXP DATE 6/23/75



POWER SPECTRAL DENSITY

17:16:22

17:16:26

1.or

o

O

1

1

A i 1 3 1

W

i

A

4

|
8}
2
i,
b . L 1 1

25 S8 73 169 125 1359

U9 44
BAMDAHIDTY (H2) = 9.75

FRECAEHCY IN MEATZ
EX® DATE 6/20/75

NORMAL IZZD JTANDARD ERRCR=

175 2039 225 258 275 289 2115 9

R D

b

&2



APPEINDIX F
SIGMA SOURCE LISTING AND LOAD MAP



JJOR

JRSS UO=6
JEDITOR
-L1IST
-GEN

(PSSP PP PP PSP 0000000000000 000000000 000000000000 00000000000 0000000000000 0808584
PROGRAM - EMGAN
AUTHOR WILLIA® N. HURSTA
PURPOSE - TO PROVIDE FIRST ORDER REDUCTION OF EMG AND FORCE DATA
N IR IIRITIIIITIIITFTTIFTTIRIIIIND

OO0 OOOOOO

DIMENSION IVARSU(10)

INTEGER FILNOUW.DTYPE.FILNUM.FILTSH.PLOTSY
INTEGER FCALSW ,ECALSU,UHOA.,PRNTSUH

COMMON DATA(8S09), IHEAD(29).CAL(2.4)

EQUIVALENCE (DTYPE.IVARSW(1)), (FILNUA, IVARSU(2))
EQUIVALENCE (FILTSU, IVARSW(3)), (NSECS, IVARSU(4))
EQUIVALENCE (PLOTSW, IVARSU(S)), (PRNTSUY. IVARSW(6))
EQUIVALENCE (ISPAN.IVARSW(7)), (IFGAIN, IVARSW(8))
FILNOW=1

FCALSY=0

ECALSW=9

WHOA=0

NSLICE-®

GO GET NUMBER OF DATA SLICES FOR PRESENT RUN

CALL SEGLD (1)
CALL CINPUT (IVARSU.NSLICE.I,START)

OO0

C MAIN PROGRAM DO LOOP



=

i g B

OO0

OO0

OO0 OO0

OO0

19

2o

DO 200 I=1.NSLICE
GO GET DATA CARD INFO FOR PRESENT DATA SLICE

CALL SEGLD (1)

CALL CINPUT (IVARSW.NSLICE.I.START)
SPAN=FLOAT(ISPAN)

IF(DTYPE .EG.4) FDGAIN=FLOAT(IFGAIN)

CHECK TO SEE IF CALIBRATION DATA ACGUIRED BEFORE PROCESSING FIRST DATA
SLICE

IF(DTYPE . EG.1) FCALSU=1

IF(DTYPE EG.2) ECALSU=1
IF(DTYPE . EG.3 _AND ECALSY .NE.1) WHOA=1
IF(DTYPE EQ 4 _AND FCALSW NE . 1) WHOA=1
IF(WUHOA . EQG.1) GO TO So

GO GET THE DATA FROM TAPE

CALL SEGLD(2)
CALL TINPUT(DTYPE.FILNOU.,FILNUM,START.NSECS)

DECIDE WHERE TO GO FOR EACH DATA TYPE.
GO TO (20.19.30.70).DTYPE
FILTER 60 HZ FOR ENG CAL?

IF(FILTSU.EQ.~-1) GO TO 20
CALL OUTE® (DTYPE.NSECS.FILTSW)

CALCULATE CALIBRATION VARIABLES OF EMG OR FORCE DATA.

CALL SEGLD(3)
CALL DCAL (DTYPE,NSECS.IFGAIN)



OO0 OO0 OO0 OO0 OO0

OO0

26

30

49

50

PLOT EMG OR FORCE CAL DATA?

IF(PLOTSU EG.1) GO TO 26

CALL SEGLD(4)
CALL GRAPH (DTYPE.START.NSECS.SPAN.STDERR)

PRINT OUT HEADER?

IF (PRNTSW .EQ.1) GO TO 2e@
GO TO 9@

FILTER 60 HZ FOR EMG DATA SLICE?

IF(FILTSU .EQ -1) GO TO 40
CALL OUT6@ (DTYPE.NSECS.FILTSUW)

SCALE EMG DATA., CALCULATE INTEGRATED VALUE AND MEAN SQUARE VALUE

CALL SEGLD (S5)
CALL EMG (NSECS.VOLTSEC)

PLOT EMG DATA ON COMPUTEK?

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

TAKE THE FOURIER TRANSFORM OF THE DATA AND FIND PSD UP TO 400 HZ.
CALL SEGLD (86)

CALL- FFTPSD (NSECS.SPAN.PSDSUM,STDERR)

DTYPE=S

PLOT THE PSD ON THE COMPUTEK?

IF(PLOTSUY EQ 1) GO TO 690

CALL SEGLD(4)
CALL GRAPH (DTYPE.START.NSECS,SPAN.STDERR)



)

-~

OO0 OO0 i

OO0

OOOODOOOOOOOOOOOO

60

70

890
S9

209

PRINT OUT RESULTS ON LINE PRINTER?

IF(PRNTSW EQ 1) GO TO 200
GO TO 99

SCALE FORCE DATA FOR PLOTTING AND AVERAGE IT FOR PRINTING.

CALL SEGLD (S5)
CALL FORCE (DTYPE.NSECS.SPAN.FDGAIN)

PLOT FORCE DATA ON COMPUTEK?

IF(PLOTSW.EG.1) GO TO 80

CALL SEGLD(4)
CALL GRAPH (DTYPE.START.NSECS.SPAN.STDERR)

PRINT OUT FORCE DATA ON LINE PRINTER?
IF(PRNTSU.EQ . 1) GO TO 200
CALL SEGLD(?)
CALL PRINT (DTYPE.START,NSECS.,SPAN,VOLTSEC.PSDSUM,.STDERR, WHOA)
CONTINUE
END
SUBROUTINE CINPUT (IVARSW.NSLICE.I.START)
SUBROUTINE CINPUT AQUIRES THE CARD DATA AND STCRES IT ON A RAD FILE
ARGUMENTS - IUARSU- ARRAY HOLDING THE UVARIABLES AND SUITCHES FOR EACH
DATA SLICE (SEE EQUIVALENCE STATEMENTS IN RMAIN
PROGRAM)
NSLICE- NUMBER OF DATA SLICES IN PRESENT RUN
I - IDENTIFIES PRESENT DATA SLICE BEING PROCESSED

START - BEGIN TIME OF PRESENT DATA SLICE



OO0

DIMENSION IVARSW(10),ICARD(202. 15)
DIMENSION IRDIO(10).IRDF(86)

COMMON DATA(8500), IHEAD(2®).CAL(2.4)
EQUIVALENCE (ICARD.DATA(1))

DATA IRDIO(1) /’RD’/

DATA IRDF /Z4000.’RD’.1.6000.0.90/
CALL DEFINE (IRDF.IRDF)
IF(NSLICE . EG. @) GO TO 3@

GO TO 60

INPUT NUMBER OF DATA SLICES AND READ DATA SLICE INFO FOR PRESENT RUN

30 READ(105.20) NSLICE
WRITE(108.35) NSLICE
2@ FORMAT(IS)
35 FORMAT(1H1.,’ xxxX DATA CARDS Xx2Xxx’,7//7/,’ NO. OF DATA SLICES-’,1S5./
@//,5X.’DATA SLICES’./7)
IF(NSLICE GT .200) GO TO 100
DO S@ J=1,NSLICE
READ(105,40) (ICARD(J.K).K=1.,15)
40 FORMAT(151I3)
WRITE(108.40) (ICARD(J.K).K=1.,15)
50 CONTINUE
CALL GOPENCIRDIO,ICARD.3009.1.90)
CALL QURITE(IRDIO,30@€0@.INDIC)
CALL GQCLOSE (IRDIO.Z2)
GO TO 299

INITIALIZE VARIABLES AND SUITCHES FOR EACH DATA SLICE

60 CALL GOPEN(IRDIO.ICARD.39000.90.9)

CALL QREAD(IRDIO.390909.INDIC)

CALL QCLOSE (IRDIO.2)

IVARSW(1)=ICARD(I.2)

IVARSW(2)=ICARD(I.1)+1

START=3600 XFLOAT(ICARD(I.3))+60 XFLOAT(ICARD(I,4))+FLOAT(ICARD(I.
e5))

IVARSW(3)=ICARD(I.B)



OOOODOODOOOOOOOO0

IVARSW(4)=ICARD(I.7)
IVARSU(S)=ICARD(I.8)
IVARSW(6)=ICARP(I.9)
IVARSW(7)=ICARD(I.10)
IVARSW(8)=ICARD(I.11)
IHEAD(16)=ICARD(I. 3)
IHEAD(17)=ICARD(I. 4)
IHEAD(18)=ICARD(I.S)
IHEAD(19)=ICARD(I.?)
IF(IVARSU(1)-2) 90,99.200

90 IKEAD(29)=ICARD(I.12)
GO TO 209

100 WRITE(108.110) NSLICE

110 FORMAT(//7.’ ERROR.. . READ NUMBE

@0T HAVE MORE THAN 200.°)

STOP
200 RETURN

END
SUBROUTINE TINPUT(DTYPE.FILNOUY,
SUBROUTINE TINPUT READS FORCE
CALLING ARGUMENTS: DTYPE -
FILNOUW-
FILNUA-
START -
NSECS -

INTEGER FILMOVE.,FILNUM,DTYPE.FI
DIMENSION INTP(10).IARRAY(S35)

R OF DATA SLICES TO BE’.I6.’. CANN

FILNUM.START.NSECS)

AND EMG DATA IN FROM TAPE.

DATA TYPE

FILE ON TAPE CURRENTLY BEING ACCESSED

FILE ON TAPE UHERE DESIRED DATA IS LOCATED

TIME IN TOTALED SECONDS OF BEGINNING OF
DESIRED DATA SLICE

NUMBER OF SECONDS OF DATA TO BE READ .

LNOUW

COMMON DATA(8500), IHEAD(29).CAL(2.4)

EQUIVALENCE (IARRAY.DATA(8239))



LS00 OO0 OOf

OOD

INTP(1)=6
CALL QOPEN (INTP.IARRAY.S535.2.9)

POSITION TAPE AT THE BEGINNING OF THE DESIRED DATA FILE

IF(FILMOVE LT @) FILMOVE=FILMOVE-1

CALL QFSKIP (INTP.FILMOVE.INDIC)

GO TO (300.5),INDIC/4

IF(FILMOVE LT.Q) CALL GFSKIP (INTP.1.INDIC)
S IF(FILMOVE LT @) FILMOVE=FILMOVE+1

FILMOVE=FILNUM-FILNOU

FILNOW=FILMOW+FILMOVE

POSITION TAPE AT THE BEGINNING OF THE DATA SLICE.
CALL FIND (FILNUM,START.,INTP)

DECIDE WHERE TO GO FOR EACH DATA TYPE.

GO TO (190.590.50.10).DTYPE

ACQUIRE FORCE CAL OR FORCE DATA

10 JJ=1
DO 30 J=1,2X%XNSECS
CALL QREAD (INTP.S3S.INDIC)
IF(INDIC NE.9) GO TO 290
DO 20 K=27.535,51
DATA(JJ)=FLOAT(IARRAY(K)/8)
JJ=JJi+1

29 CONTINUE

30 CONTINUE
IF(DTYPE EG.1) GO TO 1000
GO TO 150

ACQUIRE EMG CAL OR EMG DATA

50 JJ=1



DO 80 J=1.2XNSECS+1
CALL QREAD (INTP,S535.INDIC)
IFCINDIC NE @) GO TO 200
PO 70 K=1.,10
L=25+K+50%(K-1)
DO 6@ KK=L,L+50
IF(KK EQ.L+1) GO TO 60
DATA(JJ)=FLOAT(IARRAY(KK)/8)
JJ=JJ+1
60 CONTINUE
70 CONTINUE
80 CONTINUE
IF(DTYPE EG.2) GO TO 1000
150 IBACK=-(2XNSECS+2)
CALL QSKIPCINTP.,IBACK,INDIC)
GO TO 1000

c
c ERROR MESSAGES
c

209 FILNUM=FILNUM-1
WRITE(108.219) INDIC,DTYPE.FILNUM
210 FORMAT(///,’ ERROR.. INDIC=’,I4.’DURING INPUT OF DATA TYPE’.I4.’ L
@0CATED IN FILE’.I4)
STOP
300 FILNUM=FILNUM-1
WRITE(108.310) FILNUNM
310eF?§HAT(///,’ FATAL ERROR.. .EOT ENCOUNTERED DURING SEARCH FOR FILE’
’ )
STOP
1000 CONTINUE
CALL QCLOSE (INTP.Q)
RETURN
SUBROUTINE FIND (FILNUM,START,INTP)

SUBROUTINE FIND POSITIONS THE TAPE AT THE BEGINNING OF A DATA SLICE
CALLING ARGUMENTS: FILNUM- FILE ON TAPE WHERE DATA SLICE IS LOCATED

OO OO



(&

G 57 o)

OO0 OO0 o Eap

OOOO

START - TIME IN TOTALED SECONDS OF THE BEGINNING OF
DESIRED DATA SLICE

INTP - CONTROL BLOCK FOR QINOUT TAPE ROUTINES

DIMENSION INTP(10).,IARRAY(535)
INTEGER FILNUM

REAL NOU

COMMON DATA(8500).IHEAD(20).CAL(2.4)
EQUIVALENCE(IARRAY.DATA(8239))
IPASS=0

READ EACH RECORD AND COMPARE ITS TIME LABEL WITH THE START TIME.

19 CALL GREAD (INTP,S35.INDIC)
IFCINDIC NE . @) GO TO 20
NOW=3600 XABS(FLOAT(IARRAY(2)))+60 XABS(FLOAT(IARRAY(3)))+ABS(FLOA
@T(IARRAY(4)))
IF(NOU.NE START) GO TO 10

ACGUIRE THE HEADER INFORMATION FOR THE PRESENT DATA SLICE.

DO 15 J=1.1S
IHEAD(J)=IARRAY(J+5)

1S CONTINUE
CALL QSKIP(INTP.-1,INDIC)
GO TO 100

DID NOT FIND THE START TIME BEFORE ENCOUNTERING AN EOF. IF ONLY ONE PASS
HAS BEEN MADE THRU THE DATA, BACK UP AND TRY AGAIN. OTHERWISE.STOP1]

2@ IF(IPASS EG.1) GO TO 40
CALL QFSKIP(INTP.-2.INDIC)
IF(INDIC EQ.8) GO TO 35
CALL QFSKIP (INTP.1,INDIC)

35S IPASS=1
GO TO 10

40 FILNUM=FILNUM-1



OOOOOOOOOOO0

WRITE(108.50) FILNUM
S@ FORMAT(///.’ _CANNOT FIND START TIME IN FILE’.I4)
STOP
100 CONTINUE
RETURN
END
SUBROUTINE 0QUTE® (DTYPE.NSECS.FILTSW)

SUBROUTINE OUTE® IS A DIGIT NOTCH FILTER. DEPENDING ON THE DATA CARD
REQUEST. ONLY 6@ HZ IS REMOVED OR ALL HARMONICS OF 6@ HZ UP TO 360 HZ

CALLING ARGUMENTS DTYPE - TYPE OF DATA
NSECS - NUMBER OF SECS OF DATA TO BE FILTERED

FILTSWU- SUITCH WHICH INDICATES WHETHER ONLY 60 HZ
IS TO BE REMOVED OR ALL HARMONICS OF 6@ HZ

INTEGER DTYPE., FILTSU
COMMON DATA(8500),IHEAD(20).CAL(2.4)
EQUIVALENCE (IRATE.IHEAD(11))
LOOPS=1
TUOPI=6.28318530717
IF(FILTSU.EQ.1) LOOPS=5
NPTS=1024XNSECS
DO 30 J=1,L00PS.2
A=0.0
B=0.0
W=(60XJ)XTUOPI/FLOAT(IRATE)
DO 10 K=1.NPTS
A=A+DATA(K)IXCOS (KxUW)
B=B+DATA(K)XSIN(KXY)
10 CONTINUE

A=AXx2 . /FLOAT(NPTS)
B=Bx2 /FLOAT(NPTS)

, DO 20 K=1,NPTS
DATA(K)=DATA(K)-AXCOS(KXUW)-BXSIN(KXUW)

2@ CONTINUE



30 CONTINUE
120 RETURN
END
SUBROUTINE DCAL(DTYPE.NSECS.IFGAIN)

SUBROUTINE DCAL CALCULATES THE SCALE FACTORS FOR THE FORCE AND EMG D&TA
THE CALIBRATION CONSTANT FOR INTEGRATED EMG AREA IS ALSO FOUND EMG
THE CAL DATA IS THEN CONVERTED INTO UNITS OF POUNDS OR MICROVOLTS FOR

OCOOOOOOOOOOO

OO0

OO0

19

20 FORMAT(//7,’COULD NOT FIND THE FORCE CAL._.__.CHECK DATA SLICE TIMES

PLOTTING ON THE COMPUTEK TERMINAL.
CALLING ARGUMENTS: DTYPE - TYPE OF DATA
NSECS - LENGTH OF CAL DATA

DIMENSION HIGH(10),L0U(19),POUNDS(E2600)

INTEGER DTYPE.FLBCAL

REAL LOWSUN

COMMON DATA(3500), IHEAD(29).CAL(2.4)

EQUIVALENCE (FLBCAL.IHEAD(15)), (IRATE,IHEAD(11))
EQUIVALENCE (MAGTUD.IHEAD(13)), (ICPS,IHEAD(14))
EGUIVALENCE (POUNDS.DATA(1))

IF(DTYPE . EG.2) GO TO 100

FIND FORCE CALIBRATION VARIABLES

CAL(1.1)=FLOAT(FL3CAL)
CAL(1,4)sFLOAT(IFLAIN)

LOOK FOR JUMP IN DATA TO INDICATE FORCE CAL.

BEGIN=DATA(80)

DO 10 J=81,20%NSECS-80

IF(DATA(J) .GT.BEGIN+500.) GO TO 3@
CONTINUE

WRITE (108.20)

e’)
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STOP

FOUND THE JUmMP, NOU COMPUTE THE AVERAGE BEFORE AND AFTER THE JUMP.

CAL WEIGHT IN COUNTS = AVERAGE AFTER - AVERAGE BEFORE

FORCE SLOPE = COUNTS/POUND
ZERO FORCE =.AVERAGE COUNTS JUST BEFORE CAL Junmp

HISUM=92.0

LOUSUM=0 .9

DO 490 K=1.290

HISUM=HISUM+DATA(J+K+69)
LOWUSUM=LOWSUM+DATA(J-K-60)

CONTINUE

FORSLP= (HISUM/20 -LOWSUM/29. )/FLOAT(FLBCAL)
CAL(1,2)=FORSLP

ZEROFOR=LOUWSUM/20 .

CAL(1,3)=2EROFOR

SCALE FORCE CALIBRATION DATA

DO 50 J=1,20%XNSECS
POUNDS(J)=(DATA(J)-ZEROFOR)/FORSLP

CONTINUE
GO TO 200
FIND EMG CALIBRATION UARIABLES
FIRST REMOVE ANY DC OFFSET IN THE CAL DATA
SUM=9 .9
INDEX=1000XNSECS
DO 119 J=1, INDEX
SUM=SUM+DATA(J)
CONTINUE

OFFSET=SUM/FLOAT (INDEX)

DO 120 J=1.INDEX
DATA(J)=DATA(J)-OFFSET
DATA(4000+J)=ABS(DATA(J)-OFFSET)
CONTINUE
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CALCULATE STANDARD DEVIATION AND OBTAIN SCALE FACTOR. FOR ZERO MEAN,
STATIONARY SIGNAL STANDARD DEUIATION=RMS UALUE

XSQUAR=0 . @

DO 14@ =1 , INDEX

XSQUAR=XSQUAR+DATA (J)X%2

CONTINUE

EMGCAL=SQRT (XSQUAR/ ( INDEX-1))/FLOAT (MAGTUD)
CAL(2,1)sFLOAT(MAGTUD)

CAL(2.2)=ENGCAL

SCALE CAL DATA FOR PLOTTING.

DO 180 J=1,INDEX

DATA(J)=DATA(J)/7ENGCAL

CONTINUE

RETURN

END

SUBROUTINE GRAPH (DTYPE.START.NSECS,SPAN,STDERR)

SUBROUTINE GRAPH PLOTS ON THE COMPUTEK TERMINAL THE DATA SLICE BEING
PROCESSED ALONG WITH VARIOUS HEADER INFORMATION.

CALLING ARGUMENTS: DTYPE - TYPE OF DATA

START - BEGIN TIME OF PRESENT DATA SLICE
NSECS - LENGTH OF DATA SLICE IN SECONDS
SPAN - AVERAGING INTERVAL FOR PSD

STDERR- NORMALIZED STANDARD ERROR FOR PSD ESTIRATE

DIMENSION Z(15),DATE(3),POUNDS(2600),PSDN(419)
DIMENSION FREQ(410),CALDATA(2900)

INTEGER DTYPE

COMMON DATA(BS@Q),IHEAD(20).CAL(2.4)
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EQUIVALENCE (POUNDS,DATA(1)), (PSDN,DATA(8000))
EQUIVALENCE (FREQ.DATA(SQQ0)), (FLBCAL,CAL(1.1))
EQUIVALENCE (CALDATA.DATA(1)).(EMGMAX.DATA(8500))
EQUIVALENCE (FORMAX.DATA(8500))
SUB=FLOAT(IHEAD(1))

RUN=FLOAT(IHEAD(9))

DATE(1)=FLOAT(IHEAD(2))

DATE(2)=FLOAT(IHEAD(3))

DATE(3)=FLOAT(IHEAD(4))

FLBCAL=FLOAT(IHEAD(15))
SHOUR=FLOAT(IFIX(START/3600.))
SMIN=FLOAT(IFIX((START-SHOURX3600 . )/60.))
SSEC=START-SHOURX3600 -SMIN%EO .
FINISH=START+FLOAT(NSECS)
FHOUR=FLOAT(IFIX(FINISH/3600.))
FMIN=FLOAT(IFIX((FINISH-FHOURX3609. )/60.))
FSEC=FINISH-FHOURX3600 -FMIN%6D.

INITIALIZE PLOT AND OUTPUT HEADER INFORMATION.

CALL INITAL (2)

CALL MODSET(Z.4.10 )

CALL MODSET(Z.5.190.)

CALL OBJECT(Z.75..1008..100.,770.)

CALL UORDS(Z.660..780..16,° : A Jt
CALL WORDS(Z.,100..30. .4,’SUB3’)

CALL WORDS(Z.440..30.,16.’EXP DATE 7 7 ’)
CALL UORDS(Z.8490..,30. .4, ’RUN3’)

CALL NUMBER(Z.660.,780..5HOUR.2.9)

CALL NUMBER(Z.696..,780 ,SMIN.2.9)

CALL NUMBER(Z.732.,780.,5SEC.2.0)

CALL NUMBER(Z,780. ,789. ,FHOUR.2.9)

CALL NUMBER(Z.816. .780..FMIN.2.9)

CALL NUMBER(Z.852..,780.,FSEC.2.90)

CALL NUMBER(Z.160..30..5UB.3.0)

CALL NUMBER(Z.548 ,30.,DATE(1).,2.0)

CALL NUMBER(Z.584 ,30. ,DATE(2).2.0)

CALL NUMBER(Z.620. .30 ,DATE(3).2.90)
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CALL NUMBER(Z.880 .30 .,RUN.2.9)

DECTDE WHERE TO GO FQOR EACH DATA TYPE

GO TO (10.40.49.10.70).DTYPE

LABEL AXES FOR FORCE DATA

CALL MODSET(Z.2.1.)

NPTS=20INSECS

PTS=FLOAT(NPTS)

CALL WORDS(Z.13..380..4,°’LBS ’)

CALL WORDS(Z.25..,355..2.°0F’)

CALL WORDS(Z.,0..339..6. FORCE ’)

CALL WORDS(Z,459..,55..16.°TIME IN SECONDS ’)

IF(DTYPE EG.4) GO TO 30

FINISH UP PLOT FOR FORCE CALIBRATION DATA

CALL WORDS(Z,100..780..16, "FORCE CALIBRATION’)
CALL WORDS(7..350..0..26, ’AMOUNT OF FORCE CAL (LBS) =’)
CALL NUMBER (Z.674..90..FLBCAL.3.89)

CALL SUBJEC (Z.0..FLOAT(NSECS).0..200.)

CALL GRID(Z.2..25.)

CALL LABEL(Z.1.2..2.0)

CALL LABEL (Z.2.590..3.0)

CALL SUBJEC (Z.0..PTS.90 ,290.)

CALL MODLINE(Z.NPTS.1,POUNDS)

CALL BELL(2)

CALL PARGE(2)

GO TO 90

FINISH UP PLOT FOR FORCE DATA

CALL WORDS(Z,100 ,780 .10, FORCE DATA’)
FMAX =200
IF (FORMAX LT 80 ) FMAX=100

CALL

SUBJEC (Z.0 .FLOAT(NSECS).0Q.,FMAX)
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CALL GRID (Z.2 ,10.)
TICK=2 . +FLOAT(NSECS/31)

CALL LABEL (Z.1,TICK.3.0)

CALL LABEL (2.2.20 .3.0)

CALL SUBJEC (2.0 ,PTS.@ .FMAX)
CALL MODLINE(Z.NPTS.1.POUNDS)
CALL BELL(Z)

CALL PAGE(Z)

GO TO 9@

FINISH UP PLOT FOR EMG DATA

CALL WORDS(Z.430 .55..20. ’TIME IN MILLISECONDS’)

CALL MODSET(Z.2.1.)

CALL WORDS (Z2.0..4490..6. 'MICRO ‘)
CALL WORDS (Z2.0..410..6, "VOLTS ‘)
NPTS=1000
SECMIL=FLOAT(100@XNSECS)

IF(DTYPE EQ.3) GO TO S@

EMG CAL DATA

CALL WORDS(Z.100..780..8,’EMG CAL ’)
CALL SUBJEC (Z.0 ,SECMIL.-1000.,1000.)
CALL GRID (Z.250..2590.)

CALL LABEL(Z.1.500..4.9)

CALL LABEL (Z2.2.500..5.9)

CALL MODLINE(Z.NPTS.NSECS.CALDATA)

GO TO 69

EMG DATA

CALL WORDS(Z.100 ,780 .8,’EMG DATA’)
ULIM=(FLOAT(IFIX(EMGMAX/500 . ))+1 )Xx500.
BLIM=-ULIM

CALL SUBJEC (Z.0 ,SECMIL,BLIM,ULIM)
HACK =ULIM/4

CALL LABEL(Z.1.500 .4,0)
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CALL GRID (Z.250..HACK)
WNUM=ULIN/2

CALL LABEL (Z,2,WNUM.5.0)

CALL MODLINE(Z.NPTS.NSECS.DATA)

CALL
CALL

BELL(Z)
PAGE(Z)

GO TO S0
FINISH UP PLOT FOR PSD DATA

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

WORDS(Z.100.,780..22. ‘POUER SPECTRAL DENSITY’)
WORDS(Z.490 .55 .18, 'FREQUENCY IN HERTZ’)
WORDS (Z.0..425..6. ’MICRO ’)

WORDS(Z.0..405 .6.°VOLTS ’)

WORDS (Z.60..410. .2.°’2 ‘)

WORDS (Z.0.0.,385 .,6.°X1000 ’)
WORDS(Z.100..0 . .16. "BANDUIDTH (HZ) =’)

WORDS (Z.440. .9 ,26. ’NORMALIZED STANDARD ERROR=’)
NUMBER(Z.232..0..SPAN.2.2)

NUMBER (Z2.824..0..STDERR.1.3)

SUBJEC (Z2.0..400..0..1.1)

GRID (2.25..,.05)

LABEL (Z.1.25 .3.9)

LABEL (Z.2..10001.1.1)

CREATE X-AXIS FOR PSD VALUES

NPTS=

IFIX(400. /SPAN)

DO 80 J=1,NPTS
FREG(J)=SPANXFLOAT(J)
CONTINUE

CALL LINES(Z.NPTS.FREQG.PSDN)
CALL BELL(2Z)

CALL PAGE(2)

RETURN

END

SUBROUTINE MODLINE (2Z,NPTS.MODX.Y)
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SUBROUTINE MODLINE PLOTS A Y-ARRAY OF DATA POINTS WITHOUT REQUIRING &
CORRESPONDING X-ARRAY INSTEAD OF AN X-ARRAY,THE ARRAY POSITION OF A
Y-ELEMENT IS USED FOR THE X VALUE.

CALLING ARGUMENTS: 2 THE PLOT ARRAY

NPTS - THE NUMBER OF POINTS TO BE PLOTTED

MODX - X VALUE INCREMENT (X=1,EVERY ¥ POINT; Xsg,
EVERY OTHER Y POINT. ETC.)

Y = THE Y-ARRAY

SPECIAL CONSIDERATION: NPTSXMODX SHOULD NOT BE GREATER THAN THE LENGTH
OF THE Y-ARRAY

DIMENSION Z(15).Y(1)
CALL POINTS (Z.1.MODX.Y)
J2=IURDXY (2(2).1)

DO 7@ I=2.NPTS

IY=I1XMODX

XX=FLOAT (IXMODX)

GO TO (40,50),J2
YY=WORDXY (Y, IY)

GO TO 69

YYaY(IY)

CALL UCTOR(SCALE(Z,XX.9),SCALE(Z.YY.1).1)
CONTINUE

RETURN

END

SUBROUTINE WORDS (Z.X,Y.NL.L)
DIMENSION Z2(15).L(50).M(50)
NU=NL/2

DO 10 I=1.NU

MCI)=LCI)

CALL PASTOR (@.M,NU)

CALL LEGEND (Z.X.Y.M.NL)
RETURN
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END

SUBPOUTINE BELL (2)
CALL MODE (Z.9)

CALL OUT (7.1)

CALL SCRIBE

DO 10 I=1,300 .

DO 10 J=1.60

KeI+J

CALL OUT (Z2.1)

CALL SCRIBE

CALL IN (I)

IF(I NE.13) GO TO 20
RETURN

END

SUBROUTINE EMG (NSECS.VOLTSEC)

SUBROUTINE EMG SCALES EMG DATA FOR PLOTTING ON THE COMPUTER AND FINDS
THE INTEGRATED EMG VALUE FOR THE DATA SLICE.

CALLING ARGUMENTS: NSECS - LENGTH OF DATA SLICE
VOLTSEC- INTEGRATED EMG VALUE IN MICROVOLTISEC.

INTEGER DTYPE

COMMON DATA(8500).IHEAD(Z29),CAL(2.4)

EQUIVALENCE (IRATE.IMEAD(11)),(ERGCAL.CAL(2.2))
EQUIVALENCE (EMGMAX.DATA(8500)), (ENGVAR.DATA(3499))
Sumn=9.9

CALCULATE OFFSET, SUBTRACT FROM DATA AND APPLY SCALE FACTOR

DO 10 J=1.1024%XNSECS
SUM=SUM+DATA(J)

CONTINUE :

OFFSET=SUM/ (1024 XFLOAT(NSECS))
CAL(2.4)=0FFSET

EMGMAX=0 9

DO 20 J=1,1024xXNSECS
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CALL RFORT (DATA.NEXP.S.-1.IFERR)
CALCULATE RAW POWER SPECTRAL DENSITY

H=1 /FLOAT(IRATE)

K=1

DO 10 J=3.N+1.2

PSD(K)=8 XH/PTSX(DATA(J)IXX2+DATA(J+1)2322)
K=K+1

CONTINUE

CORRECT PSD AMPLITUDES FOR WINDOW REDUCTION

DO 15 J=1.N/2
PSD(J)=1 . 1429%XPSD(J)
CONTINUE

OUTPUT RAW PSD TO TAPE
CALL PSDSAVE (NSECS)
CALCULATE SMOOTHED PSD

FO=1 . /(PTS/FLOAT(IRATE))
ICTA=IFIX(SPAN/FO)
SPAN=FLOAT(IOTA)XFD

PSDMAX=0 .2

K=1

DO 396 J=1.N/2.10TA

TEMP=0.0

DO 20 JJ=1.1I0TA
TEMP=TERAP+PSD(J+JJ-1)

CONTINUE

PSD(K)=TEMP/FLOAT(IOTA)
IF(FLOAT(J/I0OTA)XSPAN GT 400 +SPAN) GO TO 2S5
IF(PSD(K) .GT .PSDMAX) PSDMAX=PSD(K)
K=K+1
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CONTINUE
CALCULATE THE NORMALIZED PSD

LIM=IFIX(400 /SPAN)+1
DO 40 Je=1,LIM
PSDN(J)=PSD(J)/PSDRAX
CONTINUE

INTEGRATE THE SMOOTHED PSD

PSDSUM=90 .0

DO 59 J=i1.LIN
PSDSUM=PSDSUM+SPANXPSD(J)
CONTINUE

CALCULATE X EACH BANDUIDTH IS OF TOTAL AND FIND THE CUMLATIVE X OF TOTAL

DO 66 J=1.LIN

PERCNT (J)=SPANZPSD(J)/PSDSUMX100 .
IF(J.NE.1) GO TO S5
CUMPCT(1)=PERCNT(1)

GO TO 66
CURPCT(J)=CURMPCT(J-1)+PERCNT(J)
CONTINUE

CALCULATE THE EXPECTED VALUE AND UARIANCE OF THE PSD

F=SPAN/2.

EXPUAL=9 9

DO 76 J=1.LIN
EXPUAL=EXPUAL+(PERCNT(J)/109 )3F

F=F+SPAN

CONTINUE

F=SPAN/2.

UARVAL=0 .0

DO 80 J=1.LIN
UARVAL=UARVAL+(PERCNT(J)/100 . )X(F-EXPVAL)xx2
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F=F+SPAN
CONTINUE
STDEU=SQRT (VARVAL)

FIND STANDARDIZED NORMAL ERROR

STDERR=SQRT(1 /FLOAT(ICTA))
RETURN

END

SUBROUTINE WINDOW (NSECS)

SUBROUTINE WINDOU APPLIES A COSINE TAPER TO THE FIRST AND LAST TENTHS OF

THE DATA TO REDUCE LEAKAGE.
CALLING ARGUMENTS: NSECS - LENGTH OF THE DATA

COMMON DATA(8500).IHEAD(20).CAL(2.4)
PI1=3.1415927

NPTS=1024XNSECS

IEDGE=NPTS/10

TTOTAL=1 024XFLOAT(NSECS)

K=1

DO 10 J=1,IEDGE

Ti= 001XFLOAT(J)

Ci= Sx(1. -COS(PIXT1/( . 1XTTOTAL)))
DATA(J)=C1XDATA(J)
DATA(NPTS-J+1)=C12DATA(NPTS-J+1)
CONTINUE

RETURN

END

SUBROUTINE RFORT(A.M,S,IFS,IFERR)
ONE-DIMENSIONAL REAL FINITE FOURIER TRANSFORA

FOURIER TRANSFORM SUBROUTINE FOR REAL DATA.
PROGRAMMED IN SYSTEM/360., BASIC PROGRAMMING SUPPORT.
FORTRAN IV, (SEE FORM C28-6504).

THIS DECK IS SET UP FOR IBSYS ON THE IBM 7094
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THIS PROGRAM USES THE SUBROUTINE FORT TO COMPUTE COMPLEX
FOURIER TRANSFORMS OF REAL DATA. PK FORT S.D.A NO 3465 IS
AVAILABLE THROUGH SHARE.

THE FOURIER SERIES IS

X(J)= SUM OVER K=0 TO N. OF C(K)XEXP(2*PIXIXJXK/N )
J.OOIan iy .oN'i

UHERE I=SCRT(-1) AND LHERE C(X) IS COMPLEX.

SINCE X(J) IS REAL, C(X)s CONJG(C(N-K) ). THEREFORE ONLY
C(KX).K= 2.1, ....N/2 ARE CORPUTED AND/OR USED.

ARGUMENTS-
A IS INITIALLY THE INPUT ARRAY, X. WHEN COMPUTING A FOURIER

" TRANSFORA AND C UHEN CCAPUTING A FOURIER SERIES. A IS REPLACES BY

THE OUTPUT ARRAY. C IN THE FORMER CASE. X IN THE LATTER

THE X UECTOR CONTAINS THE REAL DATA X(9).X(1)...  ,X(N-1)

THE C VECTOR CONTAINS THE CONPLEX FOURIER AMPLITUDES
C(9).C(1)....,C(N/2). THE CCAPLEX UVECTOR C IS STORED ACCORDING
TO THE NORMAL FORTRAN IV CCMUENTION FOR STORING COMPLEX NUMBERS.
1.E.. REAL PARTS IN ALTERNATE CELLS STARTING WITH THE FIRST,
INAGINARY PARTS IN ALTERMATE CELLS STARTING WITH THE SECOND.
TO ADHERE TO FORTRAN RULES, X(B8), X(1),..., ARE REFERRED TO AS
X(1).%(2),..., RESP. I THE PROGRAMS. ALSO. C(0).C(1),... ARE
REFERRED TO AS C(1),C(2)...., RESP., IF C IS DESIGNATED AS
COMPLEX IN A TYPE STATENWENT.

M GIVES N=2xxn

THE ARGUMENTS S. IFS, AND IFERR ARE THE SAME AS IN THE
SUBROUTINE FORT AND THE USER IS REFERRED TO THE COMMENT CARDS
IN FORT THEIR EXPLANATION.

DCIMENSION STATEMENTS- THE DIMENSIONS OF ARRAYS A AND S SHOULD
BE N+2 AND N/4, RESP. FOR THE LARGEST N TO BE USED. FOR
EXAMPLE., IF THE LARGEST M IS 13, THEN, N=8192 AND ONE SHOULD

ST 4DVd TvNIOIRI0

ALTVad 4004 J0
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HAVE THE DIMENSION STATEMENT-
DIMENSION A(8194), S5(2048)

IF ONE WISHES TO SPECIFY A TO BE COMPLEX BY A TYPE STATEMENT.
ONE SHOULD GIVE IT A DIMENSION OF N/2 +1 , FOR THE LARGEST N

DIMENSION A(8500).5(1024)
IFERRS = 9

N=2Xx8

NUg = N/ @2

NU4H1 = N/74 - |

MML = A - 1

IF (ABS(IF3)-1) 49,40.29
IF (AP-11) 30.50.50

IFERRS = 1

NP = N

MP = N

CALL FORT(A.M.S5.0,IFERR1)
IFERRS = IFERRS + IFERR1
KD = NP 7/ N

KT = KD

NPU4 = NP 7 4

IF (IFS) 60.80.90

CALL FORT(A.MN1.S5.-2, IFERR2)
IFERRS = IFERRS + IFERR2
DO 79 Ke=1,NU4M1

J=NUZ2~-¥

A1R= A(S3IX+1) + A(23J+1)
AL1I=A(2IX+2)-A(22J+2)
ASR=R(2IK+2)+A(22J+2)
R2I=A(2XJ+1)-A(2IK+1)

KKT = NPU4-KT
AUR=AZRIS(KKT) + A2IXS(KT)
AUI = ARIZS(KKT)- ASRXS(KT)
A(2IX+1)=(AIR+AUR) 74
R(2XK+2)=(A1I+AUI )74
A(2XJ+1)=(A1R-AUR )74
R(S2XJ+2)=(AUI-ALI )74
KT=KT+KD

T=A(1)
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R{1)=(T+A(2 1) /2
A(N+1) = (T-Aa(2))/8e
R(2)=0
AN+2) = @
A(NU2+1) = SxA(NU2+1)
ACNUE+2) = - § x A(NUE+2)

20 IFERR = IFERRS
RETURN

S99 DO 100 K=1,NUu4M1
J=NU2-K
AlR=/A(2XX+1) + A(2XxJ+1)
All=A(2XK+2)-A(2XJ+2)
AUR=A(2XK+1)-A(2XJ+1)
AUI=A(2XK+2)+A(2XJ+2)
KKT = NPU4 - KT
ACR=AWRXS(KKT) - AWIXS(KT)
A2I=AURXS(KT) + AUWIXS(KKT)
A(2XK+1) = ALR - A2l
A(2XK+2) = A1l + AER
A(2xJ+1) = ALIR + A2l
A(2XJ+2) = AR - ALl

1090 KT = KT + KD
T = A(1)
A1) = T + A(N+1)
A(2) = T - A(N+1)
A(NU2+1) = 2 XA(NUE+1)
A(NUZ2+2) =-2 XA(NU2+2)
CALL FORT(A.MM1.S5,2. IFERR2)
IFERRS = IFERRS+IFERRZ
GO TO 89
END
SUBROUTINE FORT(A.M.S.IFS,IFERR)

FORT. ONE-DIMENSIONAL FINITE COMPLEX FOURIER TRANSFORAH.

FOURIER TRANSFORM SUBROUTINE., PROGRAMMED IN SYSTEM/368@.
BASIC PROGRAMMING SUPPORT., FORTRAN IV. FORM C28-6504
THIS DECK SET UP FOR IBSYS ON IBM 7094.
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DOES EITHER FOURIER SYNTHESIS.I E .COMPUTES COMPLEX FOURIEP SERIEZ
SIVEN A VECTOR OF N COMPLEX FOURIER AMPLITUDES.OR. GIVEN A VECTOP
OF COMPLEX DATA X DOES FOURIER ANALYSIS. COMPUTING AMPLITUDES

A IS A COMPLEX VECTOR OF LENGTH N=2xxM COMPLEX NOS. OR 2%N REAL
NUMBERS A IS TO BE SET BY USER

B IS AN INTEGER O LT W.LE.13. SET DY USER

S IS A VECTOR S(J)» SIN(SIPIRI/NP )., Jel.8....../WFra=1l,

COMPUTED BY PROGRAM.

IFS IS A PARAMETER TO BE SET BY USER AS FOLLOUWS-

IFS=0 TO SET NP=2XXM AND SET UP SINE TABLE.

IFS=1 TO SET N=NP=2XxM, SET UP SIN TABLE. AND DO FOURIER
SYNTHESIS. REPLACING THE VECTOR A BY

X{J)» SUM OQUVER K=0.N-1 OF A(K)XEXP(2XPIXI/N)Xx(J2K),
J=0.N-1, WHERE I=SGRT(-1)

THE X’3S ARE STORED UWITH RE X(J) IN CELL @2xJ+1
AND IM X(J) IN CELL @2%J+2 FER Je=§.1.2.....N-%
THE A’S ARE STORED IN THE SAME MANNER.

IFS=~1 TO SET N=NP=2%xM,SET UP SIN TABLE. AND DO FOURIER
ANALYSIS. TAKING THE INPUT VECTOR A AS X AND

REPLACING IT BY THE A SATISFYING THE ABOVE FOURIER SERIES.
IFS>@ SET UP SIN TABLE AND RETURN

IFS=+2 TO DO FOURIER SYNTHESIS ONLY, WITH A PRE-COMPUTED S

IFS=-2 TO DO FOURIER ANALYSIS ONLY. WITH A PRE-COMPUTED S.

IFERR IS SET BY PROGRAM TO-

=@ IF NO ERROR DETECTED.

=1 IF M IS OUT OF RANGE ., OR. WHEN IFS=+2.-2. THE
PRE-COMPUTED S TABLE IS NOT LARGE ENOUGH .

*-1 WHEN IFS =+1,-1, MEANS ONE IS RECOMPUTING S TABLE
UNNECESSARILY

NOTE- AS STATED ABOVE. THE MAXIMUM VALUE OF M FOR THIS PROGRAM
ON THE IBM 7094 IS 13 FOR 360 MACHINES HAVING GREATER STORAGE
CAPACITY. ONE MAY INCREASE THIS LINMIT BY REPLACTNN -
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STATEMENT 3 BELOW BY LOG2 N. WHERE ~ IS THE MAX NO OF
COMPLEX NUMBERS ONE CAN STORE IN HIGH-SPZzD CORE. ONE MUST
ALSO ADD MORE DO STATEMENTS TO THE BINARY SORT ROUTINE
FOLLOUING STATEMENT 24 AND CHANGE THE EQUIVALENCE STATEMENTS
FOR THE K'S.

DIMENSION A(8500).5(1024).K(15)
IF (M) 20.20.10

IF (M-15) 490.40.20

IFERR=1

RETURN

IFERR=9

N=2XxxM

IF (IABS(IFS)-1) 440,440.50

WE ARE DOING TRANSFORM ONLY SEE IF PRE-COMPUTED
S TABLE IS SUFFICIENTLY LARGE
IF (N-NP) 70.70.60

IFERR=1

GO TO 440

SCRAMBLE A, BY SANDE’S METHOD
K(1)=2xN

DO 80 L=2.M

K(L)=K(L-1)/2

DO S0 L=NM.14

K(L+1)=2

THE FOLLOUING 15 STATEMENTS ARE TO COMPENSATE FOR A WEAKNESS IN

THE FORTRAN U COMPILER
Ki =K(15)
K2 =K(14)
K3 =K(13)
K4 =K(12)
KS =K(11)
Ké =K(10)
K7 =K(9)
K8 =K(8)
KC =K(7)
K10=K(6)
K11=K(S)
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109
110
120
130
1490
150
160
1790
180
199
290
clo
2co
239
c49
250
260

270

Ki2=K(4)
K13=K(3)
K14=K(2)
K15=K(1)
Ne =K(1)

NOTE EQUIVALENCE OF KL AND K(14-L)

BINARY SORT-

I1J =2

J1i =2

Je =J1

J3 =J2

J4 =J3

JS =J4

J6 =JS

J7 =J6

J8 =J7

J9 =J8

J10=JS

JiieJ10

Jig=J11

Ji13=J12

J14=J13

JI=J14

IF (1J-J1) 260.270.270
TeR(Id=1 )
A(IJ-1)=A(JI-1)
A(JI-1)e=T

T=A(1J)

ACTII)=AWJI)

ACJI)=T

IJ=1J+2

JI=JI+K14

IF (JI.LE . K15) GO TO 250
J14=J14+4K13

IF (J14 LE.K14) GO TO 240
J13=J13+K1e

IF (J13 LE. K130 G0 TD 239
Jig=Ji12+K11



IF (J12.LE Kig) GO T0 220

J11=J11+K10

IF 1411 LE X11) GO Y0 210
J19=J10+KS

IF (J19 .LE K10) GO TO 209
J9 =J9+K8

IF (J9.LE . X9) GO TO 1S9
J8=J8+K7

IF (J8.LE.K8) GO TO 1860
J7=J7+K6

IF (J7.LE.X7) GO TO 170
J6=J6+KS

IF (J6.LE . K6) GO TO 160
JS=J5+K4

IF (JS.LE . KS) 80 T0 150
J4=J4+K3

IF (J4.LE.K4) GO TO 149
J3=J3+Ke

:F (J3.EE . X3) G0 ' TO 130
Je=J2+K1

IF CJE.LE .Keg) GO TO 120
Ji=J1+2

g§F (J1.LE K1) 80 TO 110
IF (IFS) 280.20.300
DOING FOURIER ANALYSIS.SO DIV. BY N AND CONJUGATE.
280 FN = N
DO 2990 I=1.N
A(E2XI-1)=A(ES2I-1)
290 A(2xI)=-A(2xI)
SPECIAL CASE- L=1
300 DO 319 I=1.N.2
T = Algxl~1)
AISET=L) T » A(S3IW)
A(SXI+1)=T-A(2XI+1)
T=A(2X])
AlEXl) =T ¢ A(221+2)
I AlERiese)= T ~ A(2XI*E)
IF (N-1) 20.30.320



330

340
359

SET FOR L=2
LEXP1=g
LEXP1=2XX(L-1)
LEXP=8
LEXP=2XX(L+1)

MPL= 2XIMT

NPL = NPXx 2xx-L

DO 390 L=2.M
SPECIAL CASE- J=0
DO 340 I=2,N2.LEXP
111 + LENP1

18«11+ LEXP)

I3 =I2+LEXP1
T=A(I-1)

AlI=1) = T eR(l28~1)
Al3E~12 '+ T=ALI2~1)
T =ACI)

ACI) = T+A(I2)
Atl2) = T=-ACI2)

T= -A(I3)

L - ACI3=1)
BLI3=1) = BT1~1) =}

ACI3 ) » NIl il £
REIt=1) » AET1~1) *Y
ACTIL) = A(I1 ) e FE

IF (L-2) 380,380,359
KLAST=N2-LEXP

JJ=NPL

DO 370 J=4.LEXP1.2
NPJJ=NT-JJ

UR=S(NPJJ)

UI=S(JJ)
ILAST=J+KLAST

DO 360 I=J,ILAST,LEXP
I1=1+LEXP1
I2=11+LEXP1
I13=12+LEXP1
T=A(I2-1)XUR-A(I2)XUI
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0

ce

40

S0

IARRAY(J)=0

CONTINUE

00 20 J=1.2¢

IARRAY (J)=IHEAD J)

CONTINUE

NRECS=NSECS/e

IF(NRECS EQG @) NRECS-!
IARRAY(21)=NRECS

CALL QURITE(IQUTP.2S.INDIC)

OUTPUT FOLLOWING DATA RECORDS CONTAINING THE RAW PSD VALUES

K=0

DO S@ J=1.NRECS

DO 40 JJ=1.,1024
DATA(4099+JJ)=DATA(K+JJ)
CONTINUE

CALL QURITE (IOUTP.2048.INDIC)
K=K+1024

CONTINUE

WRITE TWO EOFS AND BACK UP TO JUST BEFORE THERM

CALL QUEOF (IOUTP.1.INDIC)

CALL QCLOSE (IOUTP.@)

RETURN

END

SUBROUTINE PRINT (DTYPE.START.NSECS.SPAN.VOLTSEC.PSDSUA.STDERR, UHO

LED
SUBROUTINE PRINT OUTPUTS TO THE LINE PRINTER HEADER AND CALIBRATION DATA.

AVERAGED FORCE DATA. AND SMOOTHED PSD SPECTRUA.

CALLING ARGUMENTS: DTYPE - TYPE OF DATA
START - BEGIN TIME OF PRESENT DATA SLICE

NSECS - LENGTH OF DATA SLICE
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SPAN - FOR FORCE DATA NUMBER OF SECS FOPCE D&TA I3
AVERAGED OVER. FOR PSD DATA FREGUENAY
INTERUAL FOR SMOOTHING ESTIMRTES

UOLTSEC- INTEGRATED EMG VALUE (TIME DOM&IN,

PSDSUM- INTEGRATED EMG VALUE (FREQUENCY DOMAIN)

SI T9Vd TVNIDIEO

AIrTVad ¥00d J0

STDERR- NORMALIZED STANDARD ERRORP OF ESTIMATE FOP
PSD VALUES

WHOA - FLAG SET WHEN DATA PROCESSING ATTEMPTED
WITHOUT CALIBRATION

INTEGER DTYPE.UWHOA

DIMENSION IEDATE(3).IDDATE(3).MUSCLE(?7.4),IFORR(2)

DIMENSION AUGLBS(130).PSD(419),ITIME(3).PSDN(410).PERCNT(410)

DIMENSION CUMPCT(410)

COMMON DATA(8590).IHEAD(20).CAL(2.4)

EQUIVALENCE (ISUBNO.IHEAD(1)),(IEDATE.IHEAD(2))

EQUIVALENCE (IDDATE.,IHEAD(S)),.(IFLITE.IHKEAD(8))

EQUIVALENCE (IRUN.IHEAD(S)). (MUS.IHEAD(29))

EQUIVALENCE (IATAPE.IHMEAD(10)), (ISAMPE.IHEAD(11))

EQUIVALENCE (ISAMPH.,IKEAD(12)). (AVUGL3S.DATA(S209))

EQUIVALENCE (PSD.DATAC(1)),(PSDN.DATA(2909))

EQUIVALENCE (PERCNT.DATA(7090)),(CUMPCT.DATA(7500))

EQUIVALENCE (EXPVAL.DATA(8599)). (STDEV.DATA(E591))

EQUIVALENCE (EMGUAR.DATA(8489))

DRTA MISCLE 7 BT ORC T . AL TR R ER LT
e e b G B - A DA ¢ B G Gl ) i | R et S
e'ls fll I'l I'I I/

DATA IFORR 7/’ F’,’R+’/

IF(UHOA . EQ 1) GO TO 150

ITIME(L1)=IFIX(START/3600 )

ITIME(2)sIFIX((START-FLOAT(ITIME(1))X3600.)/60.)

ITIME(3)=IFIX(START-FLOAT(ITIME(1))%x3600 -FLOATC(ITIME(2))¥60 )
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BRANCH TO PROPER PRINT OUT SECTION FOP THE DATA TYPE
IF(DTYPE-4) 5.50.100
PRINT OUT HEARDER

S IP=1
IF (IFLITE.GE. Q) IP=2
WRITE(108.190)
10 FORMAT(1H1.,//.48X., 'CARDIOVASCULAR LABORATORY’./7/.47X, ’EMG DATA PRO
BCESSING PROGRAM’ , /, 47X, /=== mm e e e e e gt
WRITE(108.20)ISUBNO. IEDATE. IFORR(IP),IFLITE. IRUN. IATAPE. IDDATE. (MU
@SCLE(J.MUS).J=1.7).,ISAMNPE. ISANPN
20 FORMAT(//777,47X, XXX HEADER INFORMATIONXXXx’,//7,’ SUBJECT NO :’, 7
€X.13.18X. ’EXPERIMENT DATE:’.6X.12.’7’.12.’7’.12.10X. FLIGHT REFERE
BNCE DAY : 1.R3.13.77," RUN NO.*’,11X.12.19%."ANALOGC TAPE NO -7, ™.2
3. 19X, ‘DIGITIZING DATE:’.6X.18.’7.18.°72,18.77. MISCLE: 7. IN.Th2
€.//,’ EMG SAMPLE RATE (SAMP/SEC):’,I5.8X.,’FORCE SAMPLE RATE (SANMP~
@SEC):’,1I5)
WRITE(108.30)(CAL(1.J).J=1.4)
30 FORMAT(/777,48X, XX CALIBRATION DATA XX’,/7/,’ FORCE CAL’./,’ ===-
-~~~ ’?,77,’ CAL WEIGHT (LBS):’.F7.1.16%X. ’COUNTS/LB - ’.2X.F5 . 0.5X."’A
6UG. BASELINE COUNT:’.2X.F6 9.5X.’CAL GARIN:’,2X.F3.9)
WRITE(108.490) (CAL(2.J).J=1.2)

" FORMAT(, 72,7 EMG CAL’ ./, ww=e=e= ’,77,’ RMS AMPLITUDE (MICROVOLTS)
@:’,F6.0.7X.’ COUNTS/MICROVOLT:’.F5.2.77)
GO TO 299

PRINT OUT FORCE DATA

S0 WRITE(108.60) ITIME.NSECS,SPAN
60 FORMAT(1H1.51X.,’%X¥X FORCE DATA XXX’///5X,’START TIME-’.I13.’ ’.12.’
@ ’,12,15X, "DATA LENGTH (SECS)-’.14.15X.’AVERAGE FORCE INTERUVAL (St
LS~ .F3.9.77)
LOOPS=NSECS/IFIX(SPAN)
IF(LOOPS GT 49) GO TO 66
WRITE(108.62)
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62 FORMAT(47X,’INTERVAL’,5X.’AVERAGE FORCE (LBS)’/, 47K, ======oc rg
@/ o o o g e e e o ol e
DO &5 J=1.LOOPS
WRITE(108.64) J.AUGLBS(J)
64 FORMAT(49X,I3.1SX.F5.1)
65 CONTINUE
GO TO 209

PRINT OUT PSD DATA

66 IF((LOOPS/2)%2 . NE LOOPS) LOOPS=LOOPS-1
WRITE(108 .68)

68 FORMAT(15X, INTERVAL’.5X, "AVERAGE FORCE (LBS)’.20X.’INTERVAL’.SX,"’
@AVERAGE FORCE (LBS)’./, 15&. -------- M R et 7, 20X
L et ?,BX, S e e O

DO 75 J=1.LO0PS/2

JJ=J+LOOPS/2

WRITE(108.73) J.AUGLBS(J).JJ.AUGLBS(JJ)
73 FORMAT(17X,.I13.15X.F5 1.29X.13,15X.F5.1)
75 CONTINUE

GO TO 209

100 WRITE(108,119) ITIME.NSECS.VOLTSEC,SPAN, STDERR,PSDSUM,EXPVAL,STDEV

@, EMGUAR
110 FORMAT(1H1,39X, “Xxx POUER SPECTRAL DENSITY OF EMG DATA XxX’///4X,’
@START TIME-’.13.°:’,1I2.%:’.1@.11X. ’DATA LENGTH (SECS)-’.14,14X.’IN
@TEGRATED ENG (MICROVOLTISEC)-’.El12.4//4X, ’BANDWIDTH (HZ)-’.F6.3.10
@X ., ’NORMALIZED STANDARD ERROR-’.F8.3,5X.’INTEZGRATED PSD (MICROVOLTR
exe)-’ vE13.4.,/7.,4X, "NEAN (HZ)-’,F6.1,15X,’STANDARD DEVIATION
@(HZ)-’,F6 1.8X.’ENG VARIANCE (MICROVOLTXx2)-’.E15 4./)
LOOPS=IFIX(400. /SPAN)+1
FREQ=SPAN/2 .
IF(LOOPS .GT 46) GO TO 130
WRITE(108.115)
11S FORMAT(30X.’ FREQ’.13X,’PSD’,11X,’PSD’.10X.’%X OF’,10X. ’CUR %’/,30X
9.’ (HZ)’ .BX. (MMUXI2/7HZ)’.8X. NORM’.9X. TOTAL’.9X. "TOTAL .7, 31X.’
@----/ ,8X, = cen- 7 LB, === O, ————- ) R )
DO 125 J=1,LOOPS
WRITE(108.120) FREG,PSD(J).PSDN(J).PERCNT(J).CUMPCT(J)
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120 FORMAT(30X.F6 2.7%x.G12 5.8X.F6 4,7X.F6 2.8X.F6.2)
FREQ=FREQ+SPAN

CONTINUE

GO TO 200 -

IF{(LOOPS/2)%x2 NE . LOOPS) LOOPS=LOOPS-1
FREQ2=FLOAT(LOOPS/2)%XSPAN+FREQ

WRITE(108.,135)
135 FORMAT(’ FREG’, 8X,’PSD’. 9X.’PSD’.8X.’X OF’,.6X.’CUM %’.22X.’FREQ

@’, 9X,.’PSD’ , 8X.’PSD’.8X.’% OF’,6X.’CUN X’/8X.’(HZ)’,4X,’ (MNUZ3X2/

(RN}
n

—
L)
>

ex,'NORM',SX,'TOTAL'.6X»'TOTQL':/-' “”';4x.' ........... ’ISXJ,---
e-’;?x;’ ----- ',SX.' ----- ’:aax:l----’osx»' ----------- /'sx'/___-i‘sx’
B -osiae g T i r)

DO 145 J=1,LO00PS/2

JJ=J+LO0OPS/2

WRITE(108.140) FREQG.PSD(J),.PSDN(J),PERCNT(J).CUMPCT(J),FREQ2.PSD(J
@J).PSDN(JJ).PERCNT(JJ).CUMPCT(JJ)
140 FORMAT(F?7 2.3X.G190.5,5X,.F6.4,.5X.F6.2.5X.F6.2.20X.F6.2.4X.G19 5,5X.
eF6 4.5X.F6.2.5X.F6.2)
FREQ=FREQ+SPAN
FREQ2=FREQ2+SPAN
145 CONTINUE
GO TO 200

ERROR MESSAGE

150 URITE(108,169)
160 FORMAT(’ ERROR.. DATA ANALYSIS ATTEMPTED WITHOUT CALIBRAT\-NN \IsST

e CHECK DATA CARD ORDER ‘)
STOP
209 RETURN
END
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TALS UY=ERGANUP

16LBAD 7,0

LSRUUT 40022GU0 ]
1SSEG 120060, 1
1SSEG 2202G0,3
196E0 3,00G0,1
POBEG 4502604
1SORG H,00G0,2
1SORG 69026005
1985EG 700261
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DEF
DEF
DEF
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OrRG=2290

DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DEF
DLEF
DEF
DEF
DEF
DEF
DEF
OkF
CEF
DEF
bEF

(it | 0D

MIFSAVE
DIKEY
DICARD
DISHAP
MiSAVE
MIEXLT
MIIOEX
MIREAD
MIWRITE
MiCTRL
MITERM
MIODATIME
MIADBORT
MIHEXIN
MiINMNMHEX
MICKREST
MILUAD
MIEPEN
MICLOSE
MIDKEYS
MIWAIT
MISEGLD

SR sUEE ENE

MIASSIGN
HIVPEICE
MiPOP
MIRES
MIDYN
MIRGVYP
MIDOW
MiCac

LWA=264A

S TRNE

MIPSHC
MIPUSH
LIERROR
SEGLDX
SEGLD
Le238X1
L 83X
33K
s SINE
Ls33R1
MISR

L i32R,
Li32L 4
L1388t
Ei3aL?
SRR
lL+32R3
Li32R2
L+32R}
Eidet
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0187
1768
1759
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1753
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1758
1750
175k
175F
1761
1760
1762
1763
1760

1765

03
1766
1767
1768
1769
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1760
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1760
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176F
1770
1756
157
$75C

TRA=2290 SEV=0000 6OVILEAD=2415
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25EC
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?H46
2544
2hA9
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2493
2497
2630
2hb4h
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2473
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243E
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Puh
2483



DEF $IFLUATY ot 2h80
DEF SFLUAT Lsh Phr0
DEF DVt oA 2H15
RS Bl 1 GO0/
RS | 8 1 2 FIIKCE I Oo0S
P REF FFTPSD I anon
P REF F MG I 0004y
- REF GRAPH 1 CO0H
P REF NDCAL I 0003
P REF ouUT60 1 onoa2
P REF TINRPUT I noeoe
P REF - EINPUT I 0001
DEF FeMAIN I 2290

SEGMENT IDENT NHDE ORG LYA LN TRA SEV
0001 0000 264B 3610 O0OFC6 0000 0000

DEF L3N = 2 a5FE
NEF Ligary L s M I5E 4
DEF LiaaR1 E &9 3568
DEF Li4nmp L sM 3527
DEF Leidamy LS M 352F
DEF Lidaly L S M 3517
DEF LedaLt L sn 3515
DEF Li4aTs LSHM I4FE
DEF LibyT2 L S™HM 34F 4
BEF " LidsT} LS M IHEC
DEF X $3NERM L S M A5A4 :
DEF L4454y £ 8N 347A
- DEF L4853 M 1470
DEF lLo44s2 £ 8 N 3474
DEF Liasst == 3478
DEF LitbAn L S M 3486
BEF .Lissald L S M 347C
DEF LibaAR = 3480
DEF L 143R3 LSM 3410
DEF Li43R2 LSM 3419
DEF Li43R1 L S M 3421
DEF LiG3R4 L S M 3423
DEF Li43L4 L S M 3465
DEF ' IDBLE L &M 3416
DEF Ls43L3 L 8§M 345F
DEF Lia3Ly L 8 M 3463
VEF L 243C = = 3469
DEF ‘DBLE L S M 3416
DEF Li34R4 L SH 33C3
DEF L34R3 L s 33R0
DEF L:+34R1 LSHM 33C1
DEF ' ISNGL LsH 3386
DEF Li34Lh L SHM 3407
DEF L33ALD L 8 M 3401
DEF Li3aL? LSM C33FD
DEF - Li3aLt £ 88 3405
DEF L:34C LS M 340D
DEF ' SNGL L § M 3386
P REF MIDEFINE L 8§ M 0000
P REF MIUPEN = 0000
DEF GREW L &M 9342
DEF OFSKIP e 5 13729
DEF | QUEDF £=8 M 3354
DEF | QSKIP L &8 I2F A
Lisdie L & H 1458
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DEF CINPUT 1 2648

SEENE AT PO NTNE th L. t1A EEM T A

cuge COOD - 2605 ALK 2395 §zRieE:

)

UEF LiRAW L S 3373
VEF LsXMY L SH 3373
DEF Li4ATH L S M 1349
VEF LianT? LS M KES12
CEF LidnT L SH 3347
DEF Lt43R3 LSM 37¢E
LEF L:n3R2 . § M 37FA
DEF L 43R LsM 37F2
DEF L:43R% LS M A7F
DEF PIDMLE L SH 3767
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DEF Li3ARD -8 H 378E
DEF L:34R1 L S H 3792
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LDEF LiwGSENT L §H " PE78R
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DEF [ LtanMp L s H 2CD5
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POGRAMS EMGAN
AUTHOR 3 WILLIAM te, HURSTA

PURPOSE$ 0 PROVIDE FIRST OnULEKR REDUCTION QOF EMG AND FOKCE DATA,

ok ok ke e Rk A Ak ek ok e ke R e A Ak Ak ke g ke ok ok ok ok ok ok ke ke ke ok kK A Tk ok ke R ok ok ok e e ke ok ok ke sk ok ok ok o ok ok o ok e ok ok ok ke ok ok ok ok ok ok ok ok ok

oOOOOOocoOoOocoon

EXTERMAL OV1,0Vv2,0Vv3,0V4,0V5,0V6,0V7

INTEGER DTYPE,FILNUM,FILTSA,PLOTSH

INTEGER FCALSw LECALSW,RHOA,PRNTSW,0VL

VIMENSIUON ITFILE(4)

COMMON QATUMS(4500),IHEADC(20),CALC(2,4),IVARSACLO)
COMMONWZIGD/Z MUSCLEC(7,4),IF0RIR(2)

EQUIVALENCE (DTYPE,IVARSW(1))(FILNUM,IVARSK(2))

EQUIVALENGCE (FILTSw,IVARSW(3)),(NSECS,IVARSH(4))

EGUIVALENCE (PLOTSW,IVARSW(S)),(PRNTSW,IVAKRSH(6))
EGUIVALENCE (ISPAN,IVARSW(7)),(CIFGAIN,IVARSH(8))

MIg=e

ovL=0

FCALSW=0

ECALSW=0

WHOA=0

NSLICE=0

INITIALIZE MAG TAPE UNITS AND OPEN PSD OQUTFUT TAPE FILE

aoo

CALL I'wIT ("MTO",0,I1ER)
CALL INIT ("MTL1",0,1ER)
CaLL MTOPD (MTO,"MT1:0",0,1ER)

OFEN OVERLAY FILE
CALL OVOPN (OVL,"EMGAN,.OL",[ER)

¥

KEAD IN pATA CARDS

oo oo

CALL OVLOD (OVL.,OV1,0,1ER)
CALL CINPUT (NSLICE,I,START)
DO 20¢ I=1,NSLICE

GU GET DATA CARD INFO FOR PRESENT DATA SLICE

ooOoo0

CALL ©OVLOD (OVL,0V1,0,IER)

CALL CINPUT (NSLICE,I»START)
SPANSFLOAT(ISPAN)

IF(LTYPELEQ.4) FOGAIN=FLOAT(IFGAIN)

CHECK TO SEE IF CALIBRATION DATA ACGUIRED BEFORE PROCESSING FIRST DA]
SLICE ; .

OO0 0

IF(UTYPE,EQ,1) FCALSW=1
IF(UTYPELEG,2) ECALSH=1
IF(CTYPE.EG 3. AN ECALSH (NE.1) WHOA=]
IF(LDTYPELEJd 4. ANDFCALSH.NE.1) WHOA=]
IF(WHOALEQ.1) G0 TO 90 :

GU GET THE DATA FROM TAPE

oo



OooOoo0 oo o0 oo con oo ooo0 OO0 OO

oo

oOoo0

10

20

es

30

40

50

60

i . -

i
CALL OVLUOD (dVL:“V?:U'itH)
CALL TINPUT(DTYPE,ITFILE,FILNUM,START /NSECS, 1)

DECIDE wHERE TO GO FOR EACH DATA TYPE.
0 TU (€0,10,30,79),D7YPE
FILTER 60 HZ FOR EMG CAL? .

IF(FILTSYW.EQ.=1) GO TO 20
CALL OUTO60 (DTYPE,NSELS,FLILTIW)

CALCULATE CALIBRATION VARIABLES OF EMG OR FOKRCE DATA,

CaLL UVLOD (OVL,0V3,0,1ER)
CALL DCAL (DTYPE,NSECS,IFGAIN)

PLOT EMG OR FORCE CAL DATA?
IF(PLOTSh.EQ.1) GO TO 25
CALL OVLOD (OVL,0OV4,0,IER)
CALL GRAPH (DTYPE,START,NSECS,SPAN,STOERR)
PRINT OUI HEADER?

IF(PRNTSYv,EN,1) GO TO 200
GO TO 990

FILTER 60 HZ FOR EMG DATA SLICE?®

IF(FILTSW,EQ.~1) GO TU 40
CALL CUT6U (DTYPE,NSECS,FILTSH)

SCALE EMG DATA, CALCULATE INTEGRATED VALUE AND MEAN SQUARE VALUE

CALL OVLOD (QVL,0V5,0,1ER)
CALL EMG (NSECS,VOLTSEC)

PLOT EMG DATA ?

IF (PLOTSH.EQ.1) GO TO S0
CALL OVLOD (OvVL,0V4,0,1IER)
CALL GRAPH (DTYPE,START,NSECS,SPAN,STDEKR)

TAKE THE FOURIER TRANSFORM UF THE DATA AND FIND PSO UP TO 400 HZ.
CALL OVLOD (UYL,0vV6,0,IER)
CALL FFIPSD (NSECS,SPAN,PSOSUM,STDERR)
OTYPE=S

PLOT THE PSD 7

IF (PLOTSW.EQ.1) GO TO 60
CALL OVLOD (OVL,0V4,0,IER)
CALL GRAPH €UTYPE,START,NSECS,SPAN,STDERR)

PRINT OUT RESULTS ON LINE PRINTER?

IF(FRNTSW.EQ.2) GO TO 200
GO TO 90

SCALE FORCE DATA FOR PLOTTING AND AVERAGE IT FOR PRINTING,

|
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70

80
90

2u0

1 1 i 1 ] 1 '
Call, OVLUOD (OVL,0VS,0,1EK)
CALL FOKCE (DT YPE,NSECS,SPAN,FDGALL)

PLUT FORCE ODATA 7

LE(PLUTOWEVL L) GO 10O 80
CALL OvLOD (OVL,0v4,0,1LER)
CALL GRAPH (OTYPE,START,NSLCS,5PAN,STDERR)

PRINT UUT FORCE DATA ON LINE PRINTER?

IF (PRNTSV,EG.1) GO TO 200

CALL OVLOD (QVL,0V7,0,1ER)

CALL POUT C(OTYPE,START,NSECS,SPAN,VOLTSEC,PSDSUM, STDERR, wHOA)
COMTINUE

CALL RLSE ("MT0",I[ER)

CALL RLSt ("MT1",IER)

CaLl CLUSE (OVL,IER)

END
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UVENLAY OV
SUUROUTINE CIMNPUT (NSLICE,I,3T7ART)

SUBROUTINE. CINPUT AQUIRES ThHt CAKU DATA AND STURES IT ON A #AD FILE
ARGUMENTS ¢ MILICE= humdkEr OF DATA SLICLES
< - thNTIFIES PRESENT DATA SLICE BEING PKUOCESSED
START = BEGIN TIME OF PRESENT UATA SLICE
DIMeNSIuN {CARD(200,158)
CuMiMUN DATUMS(4500), IHEAD(20),CaL(2,4),IVARSKH(1Q)
COMMUN/ZLIGD/ MUSCLEC(7,4),IFORR(2)

EUUIVALENCE (LCAKRD,DATUNMS(1))
iN1EGER COR,DSK

- LPI1=12

20
30

35

40

50

60

90

COR=9
USK=1
IF(NSLICE) 120,20,60

INPUT NUMBER CF DATA SLICES AND READ DATA SLICE INFO FOR PRESENT RUN

HEAD(CDOR,30) wWSLICE

FORMAT(CIS)

WRITECLPT,35) NSLICE

FORMAT(IHL1,* *ikxx DATA CARDS **%xx’,///,' nNO, OF DATA SLICES=’,15,/
B2 S%y 'DATA SLICES  L7)
IF(NSLICE.GT.200) GU TO 100
ITFELNSEICESET 1) GO 10 120

DO 50 J=1,MNSLICE

READ(CDR,40) (ICARD(J,K) K=1,15)
FORMAT(IX,A2,1413)

WRITECLPT,40) (ICARD(J,K),K=1,15)
CONTINUE

CALL FOPEN (DSK,"ICARD",6000)
WRITE BINARY (DSK) ICARD

CALL CLUSE (DSK,IER)

GO TO 200

INITIALIZE VARIABLES AND SWITCHES FOR'EACH DATA SLICE .

CALL FOPEN (DSK,"ICARD",6000)
READ BINARY (USK) ICARD
CALL CLOSE (DSK,IER)
IVARSW(1)=ICARD(I,2)
IVARSW(2)=ICARD(I,1)
START=3600,*xFLUOATCICARD(L,3))+460.*FLUATCICARD(I )4))+FLOATC(ICARDCI,
a%))
IVARSW(3)=SICARD(I,®)
IvarSw(4)=1CARD(I,7)
LVARSW(S)=ICARD(I,8)
IVARSvi(6)=ICARD(I,9)
IVARSW(7)=[CARD(1,10)
IvARSw(B)=ICARDC(CI,11)
IMEAD(16)=ICARD(I,3)
IKEADCL7)=ICARD(I  4)
INEAD(L18)SICARD(IS)
IHEAD(19)=ICARD(I[T)
IFCIVARSw(i.=2¢) 90,90,200
IHEAD(ZQ)=SICARD(I,12)
60 10 200 '




ERKUR MESSAGES

100 wikITECLPT,110) NSLICE

110 FORMATC/Z//7,* FATAL ERROR,..READ HUMBER OF DATA SLICES TO BE*,16,°.
o CafiNdT HAVE SI0<2E [THAR 200,°%)
STuk :

120 wixITECLPT,150) MNSLICE

130 FORMATC(/Z/7,° FATAL EKROR,. .,READ # OF DATA CARDS 10 BE MEGATIVE.
an UF SLICES= ’,le)
STOR

200 1IFCI.EQ.,NSLICE) CALL DFILW ("ICARD",IER)
RETURN

END



OvirLAY OV2
SUBROUTINE TINPUIT(OTYPE, IIFILE,FIL UM, START,NSECS,1)

C
EEE SUBROUTINE FINPUT REAUS FURCE Anb LG DATA I[N FRUM TAPE,
c :
C CALLIKG ARGIAENTS? DIYFE = Dafn TYPE
c
o ITFILE~ FILE CURRENTLY BE1NG ACCESSED ON TAPE
C .
C FILNUM» FILE ON TAPE WHERE DESIRED DATA IS LOCAI
c
c START = TIME I TUTALED SECONDS OF BEGINNING OF
=B DESIRED DATA SLICE
c
= NSECS = WUMBER OF SECONDS OF DATA TO HBE READ
}
C
C I - DATA SLICE NUMBER
c
INTEGER FILNUM,DTYPE
UIMENSIUN TARRAY(S36),ITFILECH4),ITIMEC(3)
COMMUN DATUMS(4500), IHEAD(20),CALC2,4),IVARSA(L0)
| CUMMONZIGD/Z MUSCLE(7,4),1FQRR(2)
EWUIVALENCE C(IARRAY,DATUMS(4230)),(ITIME, ARRAY(2))
Lri=le
: MTI=3
IREAD=1030K
1G0OND=4105K
: IBREC=40000K
c
c CHECK TO SEE IF ODESIRED FILE IS CURRENTLY BEING ACCESSED,
c IF NUT, EXCEPT UN FIRST DATA SLICE CLUSE PRESENT FILE BEFQRE
e OPENING NEN ONE,
c
IF(1.EG.1) GO TO |
IF(FILNUMLEQ.ITFILE(3)) GO TO S
CALL CLOSE (MTI,IER)
: { ITFILECL)="MT"
ITFILE(2)="0s"
ITFILE(3)=FILNUM
) ITFILE(4d)="<0><0>"
¢
| c POSITION TAPE AT THE BEGINNING OF THE DESIKRED DATA FILE,
£
CALL MTOPD (MTI,ITFILE,Q,1ER)
' IF(IER.NE,1) GU TO 300
3
c FOSITION TAPE AT THE BEGINNING OF THE DATA SLICE.
C
i % CALL FIND (FILNUM,START)
£
c DECIDE WHERE TO GO FOR EACH DATA TYPE.
=
GO TO (10,50,50,10),DTYPE
¢ : :
= ACGUIRE FORCE CAL OR FORCE DATA
e . i
10 JJ=1 %

- NRECS=2+NSECS |

| DO 30 J=1,NRECS ‘
CALL MTDIO (MTI,IREAD,IARRAY,ISTAT,IER,NwRDS)

; IF(TER.NE.1 . OR.ISTAT.NE.IGOUD.OR.NWRDS.NE.535) GO TO 200
DO 20 K=27,535,51 ]

DATUMS (JJ) =FLOAT (TARRAY(K)) /8,




e ReRe

Jd=dJdtl

20 COKTINUE

50 CONTINUE
IF(OTYPE.,EQ.1) GO TD 1000
GO TO 150

ACRUIKE EMG CAL OR EMG DATA

50 JJ=1
MRECS=2+MSECS+]
DO 80 J=1,MNRECS
CALL MTD1O0 (MTI,IREAD,IARRAY,ISTAT,IER,NHRODS)
IF(IER.NE.lQUR.ISIAT.NE.IGUUDQOR.NWRDSONE.SBS) GO 710 200
00 70 K=1,10
LE2o+K+50% (K=1)
LO0=L+50
DU 60 KK=L,1.50
IF(KK,EQG.L+1) GO TO 60
DATUMS(JJ)=FLOAT(IARRAY(KK))/8,
JdsJdJd+l
60 CONTINUE
70 CUNTINUE
60 CONTINUE
IF(UTYPE.EQ.2) GO TO 1000
150 [BACK=]IBREC+2=NSECS+2
CALL MTLIO (MTI,IBACK,IARRAY,ISTAT,IER)
GO TO 1000

ERROR MESSAGES

200 WRITE(LPYT,210) DTYPE,FILNUM,ISTAT,IER,NWKOS, ITIME
210 FORMAT(///," FATAL ERROR,..,DURING INPUT OF LATA TYPE",I12,"IN FILE
W"yA2,/,10X,"TAPE STATUS(8)=",0I8,/,10X,"FORTRAN ERROR=",17,/,10X,"
a# UF WORDS READ=",16,/,10X,"DATA TIME=",4X,313)
STOUP
300 WRITEC(LPT,310) IER,FILNUM
310 FORMATC(///," FATAL ERROR.,.,FORTRAN ERRUR COLE=",I3," DURING SEARCH
a FOR FILE ",AZ) t x :
ST10P
1000 CONTINUE
RETURN
END
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SUBKOUTINE FING (FILNUN,STAKT)
SUBRUUTINE FINO POSITIUNS THE TAPE AT THE BEGINNING OF A DATA SLICE.
CALLING ARGUMENTS S FILnUM= FILE OM JAPE wWHERE DATA SLICE 15 LOCHA|

START = TIME IN TOTALED SECONDS OF THE BEGIwNIH
DESIRED DATA SLICE.,

DIMENSION TARRAY(536)

INTEGER FILNUM

REAL NUw

COMMON UCATUMS(4500),IHEAD(20),CALC2,4),IVARSH(L10)
COMMONZIGDZ MUSCLEC(7,4),1FORR(2)
EQUIVALENCE (LARKRAY,DATUMS(4230))
IPASS=0

LPT=12

MT1=3

IEQF==73273K

IFFILE=30000K

IBFILE=40000K

IKEAU=1030K

READ EACH RECORI AND COMPARE ITS TIME LABtL WITH THE START TIME,
CaLL MTDIO (MTI,IREAD,IAKRAY,ISTAY,IER)

I[F(ISTAT,EQ,.IEQF) GO TO 20 %
NOWS5600.xABS(FLUAT(LARRAY(2)))+60.xABS(FLCAT(IARRAY(3)))+AES(FLOA

T (IARRKAY(4)))

=S

20
30

49
50

100

IF (NOW.NELSTART) GO TO 10
ACUUIRE THE HEADER INFORMATION FOR THE PRESENT DATA SLICE,

D0 15 J=1,15

IREADC(J)=[ARRAY(J+S)

CONTINUE

IBREC=IBFILE+L

CALL MTDIO (MVI,IBREC,IARRAY,ISTAT,IER)

GU T0 100 5

OIO NOT FIND THE START TIME BEFOKE ENCOUNTERING AN EOF. IF ONLY ONE P2
HAS BEEN MADE THRU THE DATA, BACK UP AND TRY AGAIN. OTHERWISE,STOP)

IF(IPASS.EQ.1) GO TO 40

DO 30 J=1,2 :

CALL MTOIO (MTI,IBFILE,IAKRAY,ISTAT,IER)
CALL MTDIO (MTI,IFFILE,lARRAY,[STAT,IER)
IPASS=]

U TO 10

ANRITEC(LPT,50) FILNUM

FORMAT(///,° CANNOT FIND START TIME IN FILE ’,A2)
STOP ;
CONTINUE

RETURN

END



coOoOoOOoOoOO0coOoOocoOoOOaco

10

20
30

SUBROUTINE QUTOO (DIYPE,NSECS,FILTOW)

SUBKOUTINE QUT60 IS A DIGITAL NOTCH FILTER, CEPENDING ON THE DATA CAR
REGUEST, ONLY 60 HZ IS REMUVED OR ALL MARMONICS OF 60 HZ UP TO 360

CALLIAG ARGUMENTSS " DTYPE » TYPE UIF DATA
MOECS = NUMBER UF SECS COF CATA TU BE FILTERED

FILTSW= SwITCH WHAICH INDICATES WHETHER ONLY 60
IS TO BE REMOVED OR ALL HARMONICS OF 60

INTEGER DIYPE, FILTSW

COMMOMN DATUMS(4500),1IHEAD(20),CAL(2,4),IVARSK(10)
COMMON/ZIGD/ MUSCLEC(T7,4),1F0RR(2)
EGUIVALENCE C(LRATE, LHEADC(11))
LOOPS=1

TuCP1=6,28318530717
IF(FILTSh.EG.1) LOUOKS=
KPTS=1024xNSECS

PO 30 J=1,L00PS,2

Az0,0

B=20,0

W (60xJ)xTAWUPL/FLOAT(IRATE)

DO 10 K=1,NPTS
AZA+DATUMS (K) *CUS(K*W)
B=B+DATUMS(K) *SIN(KAxw)

CONTINUE

A=A%x2,/FLOAT(NPTS)
BeBx2./FLOAT(NPTS)

00 20 K=1,NPTS
UATUMS(K)SDATUMS(K)=A*COS(K%W)=~B8*SIN(K*IY) :
CONT INUE

CONTINUE

KETURN

END

ORIGINAL PAG ) |-
OF POOR QUar Ty
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LVERLAY OV :
SUBKOUTINE DCAL(DIYPE,NSECS,[FGAIN) 7

SUBROUTINE DCAL CALCULATES THE SCALE FACTUKS FUR THE FORCE AND EMG DA

Trd CALIERATION CONLGVANS FOR INTEGRATEZR LMG APEA 1S ALSQ FUUND, Eb
THE CAL UATA L8 Tudl CORVERIED INTO UNITS OF PUUNCS OR MICKUOVOLTS FOx
PLOTTING ON THe CUMPUTEK TERMINAL,

CALLING ARGUMENTS: DTYPE = TYPE OF DATA
NSECS = LENGTH OF CAL DATA
IFGAIN= GAIN APPLIED TO FORCE CAL SIGNAL

ODIMENSION HIGH(10),LOWC10),POUNDS(2600)

INTEGER OTYPE,FLBCAL

REAL LOnSUM

COMMON UATUMS (4500), IHEAD(20),CAL(2,4) IVARSKH(10)
COMMON/IGD/ MUSCLE(7,4),1FORR(2)

EGUIVALENCE (FLBCAL,IHEAD(15)),(IRATE,IHEAD(11))

EQUIVALENCE (MAGTUD INEADC13)), (POUNDS,DATUMS(L))
LPT=12

IF(DTYPE.EQ.2) GO TO 100

‘

FIND FORCE CALIBRATION VARIABLES

CaL(1,1)=FLOAT(FLBCAL)
CALC(1,4)=FLUAT(IFGAIN)

LUOK FOR JUMP IN OATA TO INDICATE FORCE CAL,

BEGIN=DATUMS (80)
NPTS=20xNSECS~80
DO 10 J=BI,NPTS
IF(UATUMS(J) .GTBEGIN+500,.,) GO TO 30
10 CUNTINUE
WRITE (LPT,20)
20 FORMAT(///,°COULD NOT FIND THE FORCE CAL.
Q')
STOP

CHECK DATA SLICE TIMES

FOUND THE JUMP, NOW COMPUTE THE AVERAGE BEFORE AND AFTER THE JUMP,
CAL WE[GHT IN COUNTS = AVERAGE AFTER = AVERAGE BEFORE

FORCE SLUPE = COUNTS/POUND

ZERU FORCE AVERAGE COUNTS JUST BEFORE CAL JUMP

30 HISUM=0,0
LOW‘SUM=° » 0
DU 40 K=1,20
HISUMSHISUM+DATUMS(J+K+60)
LUWSUMESLUWSUM+DATUMS (J=K=60)
40 CONTINUE
FORSLE= (HLSU%/ZO.-LOWSUM/ZO J/FLOAT(FLBCAL)
CAL(L1,2)=FURSLP
LeROFOR=LOVWSUM/20,
CALCL1,3)=2EROFOR

SCALE FORCE CALIBRATION DATA
NETS=20%NHECS

w0 50 J=1,NPTS
CPGURDE(J)=(DATUMS(J)~ZEROFOR) /ZFORSLP
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CONTINUE
GU TO 200

FIND £ii6 CALINSRATION VARIABLES
FIRST REMOVE ANY DC OFFSET IN THE CAL DATA
SUE040

INCEX=1000%*NSECS
PO 110 J=1,INVEX
SUMSSUM+DATUMS(J)
CONTINUE
OFFSET=SUM/FLOAT CINDEX)
DU 120 J=1,InNDEX
DATUMS (J)=DATUMS(J)~OFFSET
CONTINUE

CALCULATE STANDARD DEVIATION AND OBTAIN SCALE FACTOR. FOR ZERQ MEAN,
STATIONARY SIGNAL STANDARD DEVIATIUN=RMS VALUE

XSGUAR=0,0

PO 140 J=1,INDEX

XSUUARSXSQUAR+DATUMS (J) *%2

CONTINUE
EMGCAL=8QHT (XSUUAR/ (INDEX=1))/FLOAT(MAGTUD)
CAL(2,1)3FLOAT(MAGTUD)

CAL(2,2)=EMGCAL

SCALE CAL DATA FOR PLOTTING, ' ¥

LO 180 J=1,INDEX

DATUMS (J)=DATUMS (J) /EMGCAL
CONTINUE

RETURN

END
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OvVERLAY 0OV4
SUBROUTINE GRAPH (DTYPE,START,HNSECS,SPAN,3T0ERR)

SUBROUTINE GRAPH PLOTS ON THE COMPUTEK TERMINAL THE DATA SLICE BEING
PrROCESSEG ALOMNG WITH VARIOUS HEADER INFOEMATION,

CALLING ARGUMENTSS DIYPE = TYPE UF DATA
START = BEGIN TIME OF PRESENT DATA SLICE
NSECS = LENGTH OF DATA SLICE IN SECONDS
SPAN = AVERAGING INTERVAL FOR PSOD
STDERR= NORMALIZED STANDARD ERROR FOR PSD ESTIMA

DIMENSION DATEC(3),POUNDS(RP600),PSDNC410)
DIMENSION FREG(410),CALDATA(2000)

INTEGER DTYPE ;
COMMUN DATUMS(4500),IHEADC(20),CALC(2,4),1VARSH(L10)
CUMMONZIGD/ MUSCLEC(7,4),IFORR(2)
EQUIVALENCE (POUNDS,DATUMS(L1)),(PSON,DATUMS(4000))
EQUIVALENCE (FREQ,DATUMS(3500)),(FLBCAL,CALC(C1,1))
EQUIVALENCE (CALDATA,DATUMS(1)),(EMGMAX,DATUMS(4499))
EGUIVALENCE (FORMAX,DATUMS(4500))
RETURN
END

.

kb i I BE i B it ol il
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OVEKLAY OVS
SUBROUTINE EMG (N3ECS,VOLTSEC)

SUBROUTINE EMG SCALES EMG DATA FuR PLOTTING ON THE COMPUIFR AND FINDS
Ik INTEGRATLCD ENG VALUE FUR T5HE DATA SUICE,

CALLING ARGUMENTSS NOECS = LENGTH UF DATA SLICE
VGL[SEC* INTEGRATED EMG VALUE IWN MICHUVOLT=SEC,

COMMUN DATUMS(4500) ,IMEAD(20),CAL(2,4),IVARSKH(10)
COMMONZIGD/ MUSCLE(T7,4),1F0RR(2)

EQUIVALENCE (IRATE,IHEADC(11)),(EMGCAL,CAL(2,2))
EQUIVALENCE (EYMGHAX,DATUMS(4499) ), (EMGVAR,DATUMS(4500))

CALCULATE OFFSET, SUBTRACT FROM DATA AND APPLY SCALE FACTOR

SyM=0,0

NPTS=102d4%NSECS

DO 10 J=1,nNPTS

SUM=SUM+DATUMS (J)

CONTINUE

OFFSET=SUM/FLOAT(NPTS)
CAL(2,4)=0FFSET

EMGMAX=0,0

DO 20 J=1,NPTS

DATUMS (J)=(DATUMS(J)=OFFSET)/ZEMGCAL
IF(AGS(DATUMS(J) ) «GT,EMGMAX) EMGMAX=DATUMS(J)
CONTINUE

FIND -INTEGRATED EMG VALUE

NPTS=NSECS%1024~-1

H=1,/FLOAT(IRATE)

Sumo=0,0

SUME=0,0

NPTS2=NPTS=2

DO 40 [=1,NPTS2,2

SUME=SUME+ABS(DATUNMS(I+1))

SUMO=SUMCU+ABS (DATUMS(I))

CONTINUE

VOLTSEC=(2,0*xSUMO+U 0*SUME=ABS(DATUMSC(L))+ABS(DATUMS(NPTS)))*H/3,0

CALCULATE THE VARIANCE OF THE DATA

EMGVAR=0,0

DO 50 J=1,NPTS
ENMGVARZEMGVAR+DATUME (J) x*2
CONTINUE
EMOGVAR=EMGVAR/FLUAT(NPTS=1)
PETURN
END
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SUBKOUTINE FORCE (DIYPE,NSECS,3PAK,FLGALN)

SUBRUUT [ME FORCE SCALES ALL FORCE DATA FUR PLOTTING ON THE CUMPUTEK A
AVERAGES FORCE DATA (OVER INTERVALS DETEK#INED BY DATA CARD REAUEST '
FOR PRINTEL OUTPUT,

CALLING ArGUSENTSS DLIYPE =~ TYPE OF DATA
NSECS = LENGTH OF DATA SLICE
SPAN = AVERAGING INTERVAL FOR PRINTED QUTPUT

FOGAIN= AMOUNT OF GAIN wHICH WAS APPLIED TO FOK!
DATA

CIMENSION POUNDS(2600),AVGLBS(130)

INTEGER DTYPE

COMMON DATUMS(4500), IHEADC20),CAL(2,4),IVAKRSH(L10)
COMMUNZIGN/ MUSCLE(7,4),IFURR(2)

EGUIVALENCE (POUNDS,DATUMS(1)),CAVGLBS,DATUNMS(4000))
ECGUIVALENCE (FCGAIN,CAL(1,4)),(ZERUFOR,CALC(L1,3))
EGUIVALENCE (FORSLP,CALC(1,2)),(FORMAX,DATUMS(4500))
GAIN=FCGAIN/FLGAIN

FIND ZERO BASELINE BEFORE BEGINNING OF FORCE DATA

SumM=0,0

‘DU 30 J=1,20

SUM=SUM+POUNDS(J)
CONTINUE
BASE;JUM/ZO.

SCALE FORCE DATA INTO POUNDS

FORiﬂAX:O .0

NPTS=20*NSECS

DO 40 J=1,0NPTS
POUNDS(J)=(POUNDS(J)~BASE)*GAIN/FORSLP
IF (POUNDS(J) GT.FORMAX) FORMAX=POUNDS(J)
CONTINUE

AVERAGE FORCE DATA OVER SPAN INTERVAL

LOOPS=NSECS/IFIX(SPAN)
NPTS=20xIFIX(S5PAN)

DO 60 J=1,L00PS

SUM=0,0

DO S50 K=1,NPTS
SUMSSUM+RPOUNDS((J~1) *NPTS+K)
CONTINUE

AVGLBS (J)=SUM/FLOAT(NPTS)
CUNTINUE

RETURN

END °
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UVERLAY Ové
SUBROUTINE FFTPSD (NSECS,SPAN,PSLL 1, STURRR)

SUBROUTINE FFTIPSD TAKES THE FOURILKR TRANSFURM GF EMG OATA ntu CALCULA
THE RAw POSER SPECTRAL DENSITY UP TO 400 M7, ACCOURDINCG ' TME DATA
KEGUEST A SAU0FHED BHU T8 CALCGLATED wHICH Al (seraved 1 LS TLEAL
PROPER)IIES. TU REFLECT jvUSE STATLSTICAL PrRUFERTIES Tk LianmALLILLD
STANDARD ERROR IS ALSU CALCULATED,

CALLING ARGUMENTS: NSECS =~ LENGTH OF DATA SLICE
SPAN = BANDWIUTH OF SMOOTHED PSD
PSDSUM= AREA UNDER POWER SFECTRUM
STOERR= NORMALIZED STANOARD ERROR OF PSD

CIMENSION P3D(2048),PSON(410),PERCNT(410)

DiMENSION CUMPCT(410),8(1024)

COMMON DATUMS(4500),IHEAD(20),CAL(2,4),IVARSW(10)
LOMMONZLGD/ MUSCLE(7,4),1F0RR(2)

EGUIVALENCE (PSO,DATUMS(L1))

EUUIVALENCE (IRATE,IHEADCLI1)), (PSON,DATUMS(4000))
EQUIVALENCE (PERCNT,DATUMS(3000)), (CUMPCT,DATUMS(3500))
EWUIVALENCE (EXPVAL,DATUMS(2500)),(STDEV,DATUMS(2501))
CONTIMUE

APPLY COSINE wINCOw TO DATA
CALL WINDON (NSECS)
DETERMINE THE POWER OF 2 AND CORRESPONDING NUMBER OF DATA PUOINTS

NEXP=10+NSECS/2
IF(NEXP.EQ.14) NEXP=13
N=2xxNEXP .
P18=FLOAT(N)

TAKE FFT OF THE DATA
CALL RFFT (DATUMS,NEXP,S,=1,IFERR)
CALCULATE RAW POWER SPECTRAL OENSITY

H=1,/FLOAT(IRATE)

K=1

Ni=N+1

DO 10 J=3,N1,2

PSD(K)=8 ., *H/PTSx(DATUMS(J) **x2+DATUMS (J+1) *x%2)
KeK+1

CONTINUE

CORRECT PSD AMPLITUDES FOR WINDOw REDUCTION

N2=i/2 §
00 15 J=1,n2 '
PSO(J)=1,1429%PS0(J)
CONTINUE [

l
QUTPUT RAn PSD TO TAPE

CALL PSLSAVE (NSECS)




L2

OO0 OO0

ooOoo0

OO0

OO0

20

25
30

40

S0

55
60

70

80

—d - 1 ‘
CALCULATE SHMOOTHED PSD

FO=1,/C(PTS/FLOAT(LRATE))
IOTA=IFIXCSPAN /FQ))
SPAN=FLUATCIOYTA)*FO

PSUMAX =Y L0

K=]

NEe=nNe/TO0TA%IOTA

PO 50 J=1,N2,10TA

TEMP=0,0

DO 20 JJ=1,10TA
TEMP=TEMP+PSD(J+JJ=~1)

CONTINUE

PSD(K)=TEMP/FLUAT(IOTA)
IF(FLOAT(J/ZIOTA) *3PAN,GT.U00,+SPAN) GO TO 25
IF(PSD(K).GT,PSOMAX) PSOMAX=PSD(K)
KeK+l

CONTINUE

CALCULATE THE HORMALIZED PSD

LIMSIFIX(400./3PAN)+]
DO 40 J=1,L1IM
PSON(J)=PSD(J) /PSDMAX
CUNTINUE

INTEGRATE THE SMUOTHED PSD

PSDSUM=0,0

Lo 50 J=1,LIM -
PSOSUM=PSO3UM+SPANXPSD (J)
CONTINUE

CALCULATE % EACH BANDWIDTH IS OF TOTAL AND FIND THE CUMLATIVE % OF TO1

0O 60 J=1,LIM .

PERCNT (J)=SPAN*PSD(J)/PSDSUMX100,
IF(J.NE.1) GO TO S5
CUMPCT(1)=PERCNT(1)

GO TO 60

CUMPCT (J)=CUMPCT(J=1)+PERCNT(J)
CONTINUE

CALCULATE THE EXPECTED VALUE AND VARIANCE OF THE PSD

F=SPAN/2,

EXPVAL=0,0

00 70 J=1,LIM

EXPVAL=EXPVAL+ (PERCNT(J)/100,)*F
F=F+SPAN

CONTINUE

FeSPAN/2,

VARVAL=0,0

00 80 J=1,LIM
VARVAL=VARVAL+ (PERCNTCJ) /100, ) % (F=EXPVAL) *#2
FzF+SPAY < |
CONTINUE

STDEV=SORT (VARVAL)

FIND THE NORMALIZED STANDARD ERROR

STDERR=SGRT(1.,/FLOAT(IOTA))
RETURN ;



ENV
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SUBROUT Ik wiTNDOW (NSECS)

SUBROUTINE wilnDOw APPLIES A COSLii. TAPER TOU THE FIRST AWND LAST TENTHS

THE OATA TU RELDUCE LEAKAGE.
CALLING ARGUAEMTSS BSELS » LENGTH OF -1k BATA

CUMMUN DATUMS(4500), IHEAD(20) ,CAL(2,4), LVARSW(10)
COMMOMN/ZIGDZ MUSCLE(T7,4),IFURR(2)
PI=3,1415927

NPTS=1024xNSECS

lEDGESNPTS/10
TTOTAL=1,024*%FLOAT(NSECS)

K=l :

L0 10 J=1,iEDLGE

T1=2.001%FLOAT(J)
C12,5%(1,=COS(PI*T1/( 1*x1TOTAL)))
LATUMS(J)=CL*DATUMS(J)
UATUMS(NPTS=J+1)=CLADATUMS (NP TS=J+1)
COMT INVE

RETURN

END
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SubOUT It RFFTCA,M,S,1FS, IFERR)
ONE=DIMENSIUNAL REAL FINITE FUURIER TRANSHOURM

FOURIER THRANSFURM SUBROUTINE FOR K&EAL DATA,
PRUGHReMMED [N SYSTEMZ360, SA31C FUHUGRAMMLING SUPPORT,
FURIRAN LV, (SEE FOR4 C2u~6504),

IM1S DECK IS SET UP FOR IbsSYS ON THE IBM 7094

THIS PROGRAM U3ES THE SUBROUTINE FFT TO COMPUTE COMPLEX
FOUKIER TRANSFORYS OF REAL DATA, PK FURT 8,D.A, NO, 3465 1§
AVAILABLE THRUUGH SHARE,

THE FUOURIER SERIES IS

X(J)= SUM OVER K=0 TO N, UF C(K)*EXP(2*xPI*IxJ*K/N )
J250,1/27000r2ii=1

WHERE I=8GRT(=1) AND WHERE C(K) IS CUMPLEX,
SINCE X(J) IS REAL, C(K)= CONJG(C(N=K) ), THEREFORE ONL/
C(K) /K= 0plypaeerN/2 ARE CUMPUTED AND/OR USED,

ARGUMENTS=

A IS INITIALLY THE INPUT ARRAY, X, WHEN COUNMPUTING A FOURIER
TRANSFORM AND C wHEN COMPUTING A FOURIER SERIES, A IS KEPLACES BY
THE QUTPUT ARRAY, C IN ThHE FORMER CASE, £ IN THE LATTER,

THE X VECTOR COWTAINS THE REAL DATA X(0),X(1)reeerX(N=})

THE C VECTOR CONIAINS THE COMPLEX FOURIER AWMPLITUDES :
CCO0)sCC1)reessC(z2)s THE COMPLEX VECTOR C IS STOURED ACCORDING
TO TRE NORMAL FORTRAN IV CONVENTION FOUR STORING COMPLEX NUMBEKS,
l1.E.9 REAL PARTS IN ALTERNATE CELLS STARTING wITh THE FIRST,
IMAGINARY PARTS [N ALTERNATE CELLS STARTING vwiTH THE StCOND,

TO ADHERE TO FORTRAN RULES, X(0), X(1)seser ARE REFERRED TO AS
XC1)sXC2)reser RESP, IN THE PROGRAMS. ALSG, C(0),C(1)sess ARE
REFERRED TO A8 C(1)sC(2)reser RESP,y IF C 15 DESIGNATED AS
COMPLEX IN A TYPE STATEMENT.

M GIVES N=2xxi

THE ARGUMENTS S, IFS, AND IFERR ARE THE SA.'E AS IN THE
SUBROUTINE FFT AND THE USER IS REFERRED TO THE COMMENT CARDS
IN FFT FOR THEIR EXPLANATION,

DIMENSION STATEMENTS= THE DIMENSIONS OF ARRAYS A AND S SHOULD
BE N+2 AND W/d, RESP, FOR THE LARGEST N TO EE USED, FOR
EXAMPLE, IF THE LARGEST M IS 13, THEN, N=8192 AND ONE SHOULD
HAVE THE OIMENSION STATEMENTe

DIMENSIUN A(8194), S(2048)

IF ONE WISHES TO SPECIFY A TO BE COMPLEX BY A TYPE STATEMENT,
ONE SHOULD GIVE IT A DIMENSION OF N/2 #1 , FOR THE LARGEST N.

DIMENSION A(4500),5(1024)

1FERRS = 0

Ns2*x%xM

NVE = N / 2 |
NV4ML = N/4 = | e
MM = M = | 3

IF (IABS(IFS)=1) 40,40,2

1F (MP=M) 30,50,50

IFERRS = |

NP N

MpP M



A

50

60

70

80

90

1 % i !

CALL FFT (A,MyS,0,IFERRL)
IFERRS = IFERRS + IFERR1
KD = NP 7/ W

KT = KO

NPVY = NP / §

{F (IFS) 60,80,90

CaLl FrET(A,MHl,Sy~2,FERRZ)
IFERRS = IFERRS + IFERRZ
DO 70 K=1,NV4i4L

JENVE=K

Alr= A(2xX+1) + A(2%J+])
AlIsA(2xK+2)=A(2*J+2)
A2R=A(2*K+2) +A(2%])+2)
Agl=A(2xJ+]l)=A(2*xK+])

KKT = NPVUA~KT
ARRSACR*3(KKT) + A2I*S(KT)
Al = AZI*3(KKT)= A2R*S(KT)
Al(Z2xK+1)=(ALR+ANR) /4,
A(2xK+2)=(A1I+ANI) /4,
A(2xJ+l)=(AlR=ANR) /4,
A(2*xJ+2)=(ANI=ALlL)/4,
KT=KT+KD

T=A(1)

ACL)=(T+AC(2))/2.

A(N+1) = (T=A(2))/¢2,

A(2)=0,

A(N+2) = 0,

A(NVE+L) = SxA(nvea+l)
A(lhve+2) = =,5 » A(iNVva+e)
IFERR = IFERRS '
RETURN

LG 100 K=1,NV4MI]

JENV2=K .

AlR=A(2%K+1) + A(2xJ+1)
AlI=A(2*xK+2)=A(2%x]+2)
ANREA(22K+1)=A(2%]+]1)
AWI=A(2*xK+2)+Aa(2%xJ+2)
KKT = NPV4 = KT :

. AER=AWRNS(KKT) = ANIAS(KT)

100

A2I=AnKR*S(KT) + AWI*S(KKT)
A(2*K+1l) = ALIR -~ AZ2]

A(2*xK+2) = ALl + AZR
A(2*xJ+1) = ALR + A2l
A(2*J+2) = AR = All
KT = KT + KD

T = A(1)

ACL) = T + A(N+1)

A(2) = T = A(N+1)
ACNV2+l) = 2.xA(iIvVe+l)

A(NV2H2) ==2.%A(NV2+2)
CALL FFT(CA,MM1,S,2,IFEKR2)
IFERRS = IFERRS+IFERRZ

GU TO 80

END
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SUEROUTINE FFTCAL 4,8, 1F5,1FERR)

. » *

FURT, ONE=DIMENSIONAL FINITE C .. FLEX FOURIEK TRANSFURM,

FOURIER TRANSFORM SUBROUTINE, PROCRAMMED IN SYSTEMZ360,
BASIEC PROGKRA AL G SUPPLHTy #uURTusay Y, PUEL LA 65010
THIS DECK 3t UP FUR Ibayd 04 1BM 7094,

DOES EITHER FOURIER SYNTHESIS,1.E.,COMPUTES CUMPLEX FOURILR ScRIES
GIVEN A VECTOR OF N COMPLEX FUURIER AMPLITUDLES,C0R, GIVEN A YECTOR
OF COMPLEX DATA X DUES FOURIER ANALYSIS, COMPUTING AMPLITUDES,.

A 1S A COMPLEX VECTOR OF LENGTH N=2x**M COMPLEX NOS, OR 2*N REAL
NUMBERS, A IS TU BE SET BY USER,

M IS AN INTEGER Q.LT«M,LE.13, SET BY USER,

€ IS A VECTOR S(J)= SIN(ZAPI*J/NP )y J=112reeessNFZU=},

COMPUTED ®BY PROGRAM,

IFS IS A PARAMETER TO BE SET BY USER AS FOLLOWS=

IFS=0 TO SET NPs2x*M AND SET UP SINE TABLE,

IFSs1 TO SET N=nNP=2*%*M, SET UP SIN TABLE, AND 0O FGURI&R
SYNTHESIS, REPLACING THE VECTOR A BY

X(J)= SUM OQVER K=zQ,N=] OF A(K)*EXP(2*FIx]/N)*x(J*K),
J=0,N=1, WHERE I=SGRT(=1)

THE X°S ARE STORED WITH RE X(J) IN CELL 2*J¢1Q
AND IM XCJ) IN CELL 2%J%2 FOR J=20s1screeesN=l.
THE A’S ARE STORED IN THE SAME MANNER,

[FS==1 fO SET WN=iP=2#*xM,SE7 UFP SIN TA8LE, AND DO FOURIER
ANALYSIS, TAKING THE INPUT VECTUR A AS X AND

REPLACING IT BY THE A SATISFYING THE ABOVE FOURIER SERIES,
IFS§>0 * SET UP SIN TABLE AND RETURHN

1FS=+2 70 U0 FOURIER SYNTHESIS UNLY, WITH A PRE«COMPUTED 8§,
1F8s=2 TO DO FOURIER ANALYSIS ONLY, WITH A PRE~COMPUTED S,

IFERR 13 SET BY -PROGRAM TQe

=0 IF NO ERROR ODETECTED,

=1 IF M IS OUT OF RANGE., OR, WHEN IFS=+2,-2, THE
FRE=COMPUTED 8 TABLE IS NOT LARGE ENUUGH,

==] WHEN IFS =+1,=1, MEANS ONE IS RECOMPUTING § TABLE
UNNECESSARILY,

NOTE= AS STATED ABOVE, THE MAXIMUM VALUE OF M FOR THIS PROGRAM
UN THE [BM 7094 IS 13, FOR 360 MACHINES HAVING GREATER STORAGE
CAPACITY, ONE MAY INCREASE THIS LIMIT oY REPLACING 13 IN
STATEMENT 3 BELOA BY LOG2 N, WHERE N IS ThHE MAX, NO, OF
COMPLEX NUMBERS ONE CAN STORE IN MIGH~SPEED CORE, ONE MUST
ALSO ADD MORE DO STATEMENTS TO THE BINARY SOURT ROQUTINE
FOLLOWING STATEMENT 24 AND CHANGE ThE EQUIVALENCE STATEMENTS
FUR THE K’S,

DIMENSION A(HSOO):S(IOZU) K(1%5)
IF (M) 20,20,10
IF (M=15%) 40, 40:20
IFERR=1
RETURN !
IF&RR=0 %
=P kkM
IF (IABSC(IFS)=1) 440,440,50
WE ARE DOING TRANSFORM ONLY, SEE IF PRE=COMPUTED
S TABLE IS SUFFICIENTLY LARGE
IF (N=WP) 70,70,6
IFERR=] T |



. . . A - s

GO TO waQ
SCRAMUBLE A, dY SANDE®S METHOD
70 R(1)=2%il
DO 80 L=2,m
B0 K(L)=K(LL=1)/2
DU 90 L=M,1n
90 K(L#+1)=2
THE FOLLUWING 15 STATEMENTS ARE TO COMPENUGATE FOR A WEAKIESS IN
THE FUKRTRAN V COMPILER
Ki =2£(15)
Ke =K(14)
K3 =K(13)
K4 =K(12)
K5 =K(11)
Kb =K(10)
K7 =K(9)
K8 =K(8)
K9 =K(7)
K10=K(6)
k1i=K(5)
Kicd=K(4)
K13=K(3)
K1d=K(2)
KiS=K(1)
Ne =K(1)
NOTE EWUIVALENCE OF KL AND K(id4eL)
BINARY SORT=
1J =2
Ji1 =2
110 J2 =JI
120 J3 =J2.
130 Ja =058
140 J5 =J4
150 J6 =JS
160 J7 =Jé
170 J8 =J7
180 J9 =J8
190 J10=J9
200 J11=J1o
210 Jig=J1i1
220 Ji13=J12
230 J14d=J13
240 Ji=Jl4
250 IF (IJ=JI) 260,270,270
260 T=A(IJ=1 )
A(IJd=1)=A(JI=1)
A(JI=1)=T
T=A(IJ)
ACLJ)=ACJI)
ACJI)=T
270 IJd=1y+2
JI=J(+Ki4
IF (JI.LE.K15) GO TO 250
Ji1a=J14+K13
IF (J14.,LE.K14) GO TO 240
J13=J13+K12
IF (J13.LE.K13) GO TO 230
Ji2=J12+K1l i
1F (Ji2.LE.K12) GO TO 220
J11=J11+K10
IF (J11.LE.K11) GO TO 210
J10=J10+K9
IF (J10.LE.K10) G TP 200



J9 2J9+K3
IF (J9.LE.K9) GO TO 190
JB=JB+KT
IF (JB.LE.KB8) GO TO 1380
Jisdientd
I LEKT)-GOUO-10-170
JenJo+Ks
IF (Jo,LE.X6) GO TO 160
JS=JS+K4
IF (J5.LE.K%) GO TO 150
JasJUd+K3
IF (Jo,LE.K4) GO 10 140
JizJi+Ke
IF (J3.LE.K3) GO TO 130
Jez=J2+Kl
IF (J2,LE.K2) GO TO 120
Ji=J1+¢
IF (J1.LE.K1) GO TO 110
IF (1FS) 280,20,300
= DOING FUURIER ANALYSIS,S30 DIV, BY N AND CONJUGATE,
280 FN = N
DO 290 I=1,N
Alexl=1)=A(2%x[=])
290 A(gxl)==A(2%x1)
C SFECIAL CASE=- L=|
300 DO 3190 [=1,N,2
T = A(2%]l=})
A(exl=1) =T + A(2*x]+1)
A(2*l+1)=T=A(2%[+]1)
T=A(2*])
A(exl)y = T + A(2x1+2)
310 A(exl+2)= T = A(2x1+2)
IF (M=1) 20,330,320
SET FOR L=2
320 LExP1=2
. LEXPLl=2%x(L=1)
LExP=8
LEXP=gxx(L+1)
NPL= 2%xMT
NPL = NP 2kkw|
DO 390 L=2,M
SPECIAL CaSE~ J=0
CO 340 I=2,N2,LEXP
11=1 + LEXP1
1211+ LEXPIL
13 =I2+LEXPY
T=A(1I=1)
ACI=1) = T +A(12=1)
A(l2=1) = T=A(I2~1)
T =A(I)
ACL) = T+A(I2)
A(I2) = T=A(I2)
T= =A(13)
T1 = A(I3=1) :
A(I3=1) = ACIi=1) = T ;
A(L3 J » &L1)) - T1 .
ACIi=1) = A(CIl=]) +7 :
340 A(CIL) g-ACI} =94
IF (L=2) 380,380,350
- 350 KLAST=NZ2=LEXP :
JJ=NPL
PO 370 J=4,LEXP],2
NPJJ=NI=JJ |

g S o SR o I v TR




Uk=3(nvPJJ)
UI=s(JiJ)
LLAST=J+KLAST
LO 360 I=Jd,ILAST,LEXP
It=1+LEXPY .
lZz=l1i+LEXP]
13=12+LEXP1
T=A(I2=1)*UR=A([2)*U]
TI=A(IZ=1)*Ul+A([2)*xUR
A(Ié=1)=A(1=1)~T
A(le J)=A(I 1 -=-F1
AClI=1) =A(I=1)+Y
ACI) SACI)+TL
T==A(I3=1)*UI=A(CI3)*UR
TI=A(I3=1)*UR=A(L3)*UI
ACl3=1)=A(Il=l)~T
ACI13) =AC(IL )-T1
ACIl=1)=ACILl=1)+T
360 ACIL) =ACI1) +T1
END OF I LOOP
370 JJ=JJ+NPL
END OF J LOOP
380 LEXF1=2%xLEXP]
LexP = 2xLEXP
390 NPL=NPL/E
END OF L LOOP
IF (IFS) 410,20,30
DOING FOURIER ANALYSIS. REPLACE A Y CONJUGATE,
410 DO 420 I=1,N .
420 A(2*]) ==~A(2%])
GO TU “30
RETURN
MAKE TABLE OF S(J)=SIN(2%2PIXJ/NP)sJ=192reesNT=1,NT2NP/4
440 NP=N g
MP =M
NT=ih/4
MT=M=2
IF (M7) S10,510,450
450 THETA=,7853981634
THETASPL/2x*x(L+1) FOR L=}

JSTEP = NIT
JSTEP = 2xx( MT=L+1 ) FOR L=}

JUIF = NT/2
JDIF = 2xx(MT=L) FOUR L=1
S(JOIF) = SINCTHETA)
IF (MI=2) 510,470,470
470 LO 500 L=2,MT
THETA = THETA/Z2.
JSTEPe = JSTEP
JSTEP = JOIF
JOIF = JDIF/2
S(JDIF)=SIN(THETA)
JCI=NT=JDIF
S(JC1)=COS(THETA)
JLAST=NT=JSTEPRZ
IF (JLAST=JSTEP) 500,480,480
480 DU 490 J=JSTEP,J.AST,JSTEP
JC=nNT=J
JU=J+JDIF
490 SC(UDI=3(J)«S(JCL1)+S(JDIF)*8(JC)
500 COnTIMUE
S0 18 L IEST 10530578

END
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SUBROUTLINE PSDSAYVE (NSECS)

SUBRUUTINE P3USAVE OQUTPUTS TO Tei-e THE RAw FS0 (1024 REAL HUMBERS PER

c048 WORD RECURD) PRECEUED 8Y A £% wORD HEADER RECORD,
CALLING ARGUIENT S N3ELCS = LEMNGIH -OF TIME SERIES OATA i lle

DIMENSION ITARRAY(2048)

COMMON DATUMS(4500) ,IHEADC20) »CALC2,4),IVARS(10)
COMMUNZLIGD/Z MUSCLE(T7,4), IFOKR(2)

tGUIVALENCE (IAKRAY,DATUNS(2100))

MTO=2

IEOF=00000K

IRITE=S50000K -

IBFILE=40000K

CREATE AN QUTPUT HEADER RECORD

o 10 J=1,25
LARRAY (J) =0

CUNTINUE

U 20 J=1,20

LARRAY (J)=IHEAD(J)
CONTANUE

WRECH=NSECS/2

IF (NRECS.EN,0) NRECS=1
IAKRAY(21)=NRECS
InRD=IRITE +25

CALL MICIO (MTO, TWRD,I1ARRAY,ISTAT,IER)

OUTPUT FOLLOAING DATA RECORUS CONTAIMNING THE RAwW PSD VALUES

K=0

DO 50 J=1,NRECS

CO 40 JJd=1,1024
CATUMS(2099+JJ)=CATUMS(K+JJ)

CONTINUE

IWRD=IRITE+2048

CALL MTDIU (MTO,IWRD,IARRAY,ISTAT,IER)
K=K+1024

CONTINUE

WRITE TwO EOFS AND BACK UP TO JUST BEFORE THEM

DO 60 J=1,2

CALL MTDIO (MTO,IEOF,IARRAY,ISTAT,IER)
IBACKSIBFILE+]

DO 70 J=1,2

CALL MTDIO (MTO,IBACK,IARRAY,ISTAT,IER)
RE TURN

EivD
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SUBRUOUT [Nk POUT(DTYPE,START,NScCH,3PAN, VOLTSEC,FSDSUM, STOERR ) wHOA)

SLUBROUTINE PLUT OQUTPUTS TO THE LINE PRINTER HEADER AND CALIB=RATION DA
AVERAGED FOHCE DATA, AND SMOUOTHELD PSD SPLCTRUM,

CALLING ARGUMENTS:  OTYPE = TYPE GF DATA
~ START =~ BEGIN TIME OF PKESENT DATA SLICE

NSECS = LENGTH OF DATA SLICE

SPAN = FOR FURCE DATA NUMBER OF SECS FORCE DAT:
AVERAGED OVER; FOR PSD DATA FREQUENCY
INTERVAL FOR SMOOTHING ESTIMATES

VOLTSEC= INTEGRATED EMG VALUE (TIME DOMAIN)

PSDSUM= INTEGRATED EMG VALUE (FREQUENCY DOMAIN)

STOERR= NUGRMALIZED STANDARD ERROR OF ESTIMATE F(
PSL VALUES

WHOA = FLAG SET wnEN DATA PROCESSING ATTEMPTED
WITHOUT CALIGRATION

OOOCCOOOOOOOO0O0O0O0OCOO0O00O00OO0 T O

| INTEGER DTYRE,WHOA
DIMENSION IEDATE(3),IDDATE(3),CUMPCT(410)
DIMENSION AVGLHBSCL130),PSD(410),ITIMEC3),PSDNC(L410),PERCNT(410)
COMMON DATUMS(4500),IHEADC20),CALC2,4),IVARSH(10)
COMMDMH/ZIGD/ MUSCLE(T7,4),1F0RR(2)
EQGUIVALENCE (LSU3NO,IHEADCL)),(IEDATE,IHEAD(2))
EGUIVALENCE (IUDATE,IHEAD(S)), CIFLITE,IHEADC(8))
EQUIVALENCE C(LRUN,IRHEAD(9)),(MUS, LHEAD(20))
EGUIVALENCE ({ATAPE,IHEADC10)),CISAMPE,IHEAD(11))
EQUIVALENCE (iSAMPM,IHEAU(12)), (AVGLBS,DAIUMS(4000))
EQUIVALENCE (PSD,DATUMS(1)),(PSDN,DATUMS(4000))
EWUIVALENCE (PERCANT,DATUMS(3000)), (CUMPCT,DATUMS(3500))
* EQUIVALENCE (EXPVAL,DATUMS(2500)),(STOEV,DATUMS(2501))
EQULIVALENCE (EMGVAR,DATUMS(A4500)),CITIME, 1. 1EADCLI6))
DATA MUSCEE //BR". AT, "HES AL s B 10 TSP, B, " 'm0
' SR 15 sl B AN IR O N R U AL e
a'os l'o "o 0'0 '/ 2
DATA (FORR /*' F',’R¢*/
' LPT=12
: IF (AHOALEQ.1) GO TO 150

BRANCH TO THE PROPER PRINT OUT SECTION FOR THE OATA TYPE
IF(DTYPE=4) 5,50,100
PRINT QUT HEADER INFORMATION

oo Xl o

| 5 IP=1
| IF (IFLITE.GE,0) IP=2

WRITECLPT,10) ‘
10 FORMAT(IHL,//,48%X,’CAKDIOVASCULAR LABORATORY',//,47X%X,'EMG DATA PRO
ACESSING PROGRAM’ ,/,d]X) 'wrevncncnunenmnnsnnecrncnen’)
WRITE(LPT,20) [SUBNO,IEDATE, IFORR(IP) ,IFLITE, IRUN, TATAPE,IDDATE, (MU
' eSCLLE(J,MUS) pJd=1 7)), ISAMPE, [SAMPM
20 FORMATC/Z//7/947X%) %%k HEADER INFORMATIONXx%x*’,///,*' SUBJECT NO.2:', 7
AXpI3)18BXp TEXPERIMENT DATES*)6X,12-7/',12,'7°,12,10X,'FLIGHT REFERE
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aliCE DAYS?)AS8,135)72740" KUV MO 201 X012019%) "ANALOG TAPE NOL23Y) 7X:1
D3, 14X, '0IGLITIZING DATES 06X, 12,772,120 7°»124/74+* MUSCLES', 94,7Ah2
we//' FWG SAMPLE RATE (SAMP/SEC) S’ ,15,8X,'FURCE SAMPLE RATE (3AMP/
adt.C)s’,1%)

WHRITE(LPT,30) (CALCY,Jd),J:=21,4)

30 FORINICZZZ/,89X % CALLBRATION CATA x8°,///," FORCE CAL y /) ! =o=-
ademmen?, s/, % CAL VWEIGHT (LBS)2 ' sF7.1,10X) 'COUNTS/ZLD: 22X F6,0,9X%X’A
aVi,e BASELINE CUUNTS’y2X,)Fb6,0,5X,'CAL GAINZ’,2X,F3,0) :

WRITE(LPT,40) (CAL(2,J),J=1,2)

40 FORMAT(///,* EMG CAL' )/ )" wwmmuwmen’,//,' RMS AMPLITUDE (MICROVOLTS)

08 )F6,0,7Xs* COUNTS/MICROVOLTS:’,FS5.2,7/)
GO 70O 200

PRINT QUT FORCE DATA

50 WRITE(LPT,60) [TIME,NSECS,SPAN

60 FORMAT(1M1,51X, *#x%x FORCE DATA *%xx*///SX,'START TIME=~',I13,'3',12,'
@3°,12,15X%X,"DATA LENGTH (SECS)=',I14,15%X,"AVERAGE FORCE INTERVAL (SE -
aC8)=',F3,0,//)

LOOPS=NSECS/IFIX(SPAN)
IF (LUOUPS.GT,.49) GO TO 66
WRITE(LPT,62)
62 FORMAT(U7X,) "INTERVAL')SX,"AVERAGE FORCE (L3S5)'/,47X, 'meemcann’,5X,
Q'meecsnnaananunnanan’,//)
DO 65 J=1,L00PS
wRITE(LPT,04) J,AVGLBS(J)
64 FORMAT(UOX,15,15X,F5,1)
65 CONTINUE
GO T0 200
66 IF((LOOPS/2)%x2,NE.LOOPS) LOCOPS=LO0OPS=1
WRITECLPT ,68)

68 FURMAT (19X, "INTERVALY)SX, ?AVERAGE FORCE (LBS)’,20X, *INTERVAL®»SX,’
AQAVERAGE FORCE (LBS)',/, 15X, '=wnunene’ ,5X, 'arcnnnnsasnuannnann’, 20X
Gy wmemasmn? 5), 'wanennennnsennnnwa’, //)

LOUPS2=1L00PS/2

DO 75 J=1,L00PS2

Jd=J+LU0PS2

WRITECLPT»73) JoAVGLBS(J) ,JJ,AVGLBS(JJ)
73 FORMAT(L17X,13,15%X,)F5.1,29%,13,15X,F5.1)
75 CONTINUE

GO TO 200

PRINT OUT PSD DATA

100 WRITE(LPT,110) ITIME,NSECS,VOLTSEC,SPAN,STOERR,PSOSUM,EXPVAL,STOEY
@, EMGVAR

110 FORMAT (1ML ,,39X%, "*x* PONER SPECTRAL DENSITY OF EMG DATA x*x*///4X,°*
DSTART TIME=*,[3,°3%,12,'3°p12/,)11%X,°0DATA LENGTh (SECS)=’,1d,14X, IN
ATEGRATED EMG (MICROVOLT*SEC)=’,E12.4/7/74X, "BANDHIDTH (HZ)=',Fb,35,10
aX, 'NORMALIZED STANDARUD ERROR=’,F6,3,5%x, *INTEGRATED PSD (MICROVOLT#
a*x2)=' 2EL5,4,/7,4X, "MEAN (HZ)=')F6,1,15%X,*STANDARD DEVIATION
A(HZ) =", F6.1,8X, 46 VAKIANCE (MICROVOLTxx2)=',EL15.4,7)

LOOPS=[FIX(400,/SPAN)+1 .
FREWSSPAN/2.

IF(LOUPS.GT,.46) GO TO 130

WRITE(LPT,115) .

115 FURMAT(30X,* FREQ’,13X,'PSO*, 11X, *PSD*,10X,'% OF*,10X, CUM X*'/,30X
D' (HZ)'pBXp (A R%2/HZ) "y BX) *NORM* )9X, " TOTAL? 9%, *TOTAL"p /7, 31X,°
dneen’ BY, ' vennancasnn’! ,8f,'cene’, ), 'cavan’, (), aane=’, /)

DO 125 J=1,L00PS
WRITE(LPT,120) FREW,PSD(J),PSONCJ),PERCNT(J),CUMPCT(J)
120 FORMAT(30X, ¥ 6,29 /X F10.3,8X)F6,U,)7XsFb6,2,8%X,F6.2)

FREUSFREQ+SPAN |
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125 COhI INUE

GO 10 200

150 1F CCLUOPS/Z2) %2, NELLOOPS) LOOPSZLUCPS=]

FREQZSFLUATCLIOPS/2)xSPANTFREQ
RRITECLPT.139)

15 FORMAT(? ety B el X PSS BX 1 OGP Co0Xy B S T RER

A% 9Xp'PSLT 0 BAp’POD 3R 4 CF 00X CUM %%/72X (HL) " paX, * (MVVEX2/
OHZ) *p5Xs "HORM® p 7K, *TUTAL' p5X, *TOTAL' 22X, " (HZ) " )5Xy " (MMVX22/HZ) * 5
Oy "HORMY 6%, *TUTALY ;58X "TOTAL 34" sanal i), 'wnsasnsenne! X, snn
We?, 78 ‘vense’, 3K, Tennan’, 22X, "eene! 5} "venennnnans!; J)) "Ween’, b,
al---..l’bx’l_----O'/)

LOURPS2=LUUPS /2

DO 145 J=1,LU00PS2

JJ=J+L0OOPS2 :

WRITE(LPT,140) FREQ,PSD(J),PSONCJ) »PERCNT(J),CUMPCT(J) ,FREG2,P8D(J
@Jd Y PSON(JJ) yPERCHTCJI) CUMPCT (JJ)

140 FORMATCF 742, 3X0F10,.8,5%X,F0,0,5X)F60.215%)F6.,2,20%X)F6,2,4X%X,F10.3,5%,

de.Q:SX;Fb.ErSXpFéoa)
FREGW=FREWQ+SPAN
FREGZSFKEQ2+3PAN

145 CONTINUE

GO TO 200

ERROR MESSAGE

150 WRITE(LPT,160)
160 FORMAT(® ERROR,...DATA ANALYSIS ATTEMPTED wiTHOUT CALIBRATION FIRbT

W, CHECK DATA CARD URDER.')
STOP : <

200 RETURN

END

-
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4.2.0 LBNP ONLINE WITH SIGMA 3
REQUIREMENT DELETED

4.3.0.0 General Data Acquisition System.

Sl L i e

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 the 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 GDAS is loaded from the nine-track tape and will operate
independently of the Sigma 3 Biomedical 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 Donner. The GDAS data storage and i
output, operator interaction, and subroutines are described in the follow-
ing sections.

4.3.1.0 Data Storage

There ar: 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, to A5, of scratch pad (locations ;
0-255;0). The following table defines these data. u

LOCATION VARIABLE DESCRIPTION

80 16 (128 1) CLCNT User input number of microseconds to
elapse between each A/D read of the
highest speed data.

81 16 (129,0) NDRATE User input number of different rates
it or 3)
82 16 (130,0) NOL@ Minus total number of channels (com-

puted from user input)

83 16 (13110) LACNT Number of reads of the high speed
channels before the lowest speed chan-
nel is read. |

8416 (13210) NPMED User input minus total number of medium
and high speed channels.

85 ,6(133;4) MEDCNT Number of reads of the high speed chan-
nels before the medium speed channels
are read (user input)

86,6 (134;,) N@HS Number of high speed channels to read -
user input
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LOCATION VARIABLE DESCRIPTION

8716 (135;0) BUFZER Buffer zero starting address minus 1.
Fixed at 77C,¢
88,6 (136,0) BUFZND Buffer zero end address.

Set to B64,¢, but will be changed if
the user sets the data buffer length
to less than 1000.

S o m BUF@NE Buffer one starting address minus 1.
Fixed at B7D,¢.
8A;6 (138;0) NDBUF1 End address for Buffer one.

Set at F65,¢, but will be changed if
the user selects a data buffer length
less than 1000.

88,6 (139;0) BUFUSE Buffer in use pointer.
Initially set at zero but is changed
when data buffer 1 is being filled
with digitized data.

8Cys (140,0) MAXBUF Maximum buffer length including header
information. Fixed at 401, (1025;,)

8016 (141,,) TPPUT Tape output flag Initially set to
zero, but is set to * vhen a data buf-
fer has been filled anu is ready for
output to tape.

8E;e (142;,) DPNCLK _ Flag, initially zero, set to one when-
ever the Systron Donner clock timer
has been read and are ready to be

unpacked.

8Fi6 (143,,) BGNCHN Address of the first high speed A/D
convertor channel. Default value is
zero.

90;6 (144,,) ADCRD Flag which indicates an A/D convertor

_ read is in progress (= 1)

91,6 (145;0) D@NMS Timer read from the Systron

92,6 (14644) DNSEL Donner when data buffers are

93;: (147:0) DNMIN switched. These times are in a

94, (148,¢) DNPUR pseudo BCD format, Complemented.

95,6 (149;0) STHR Systron Donner timer at which

96,6 (150;0) STMIN the user wants to begin digitizing

9716 (151;0) STSEL data. Default values are zero.

98,6 (15210) STRMS
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LOCATION VARIABLE DESCRIPTION

996 (153,0) STPHR Systron Donner timer at which the
9,6 (154,,) STPMIN the user wants to stop digitizing
9B,¢ (]5510) STPSEL data. Default values are ]EOO;;.
9c16 “5610) ST”PMS

9,6 (157,0) BUFHD1 Buffer one header address minus

one. Used for tape output.

9E,6 (158;4) BUFHDO Buffer zero header address minus
one. Used for tape output.

9,6 (159;0) MBUFLG Negative of Maximum buffer length
including header. Set by user with
a default value of -1025,,.

A01s (16010) MXDBUF Maximum data buffer length.
Set at 100010.

Al;e (161;0) PAR Number of parity errors detected
during tape output of the digitized
data.

A2;6 (162,9) TIMG Number of timing errors detected
during tape output of the digitized
data.

A3, (163;9) HDBFLG Length of the header portion
of each data buffer. Set at 25,,.

Ade (164,,) BUFTTY Address of the teletype data buffer.
Address is 100,¢ (256,,).

A5;6 (165;,) - “STATUS Temporary storage for the status word
: of the tape write operation.

A6, (166;) TAPEND Flag signifying end of operation on
: tape. Writes 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

defined below -

70,6 (112;0) FETCH Used to coordinate data input, e.g.,
reads a buffer from teletype and checks
for data errors.

7hie (11310) CRLF Qutputs a carriage return-line feed to
to the teletype.

72:¢ (114,,) pTL Qutputs a line to the teletype.
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73:6(115,,) UNPACK Unpacks the System Donner Time from
pseudo BCD to binary.

74,6(116,,) CONVR Converts ASCI: Input number to a signed
binary integer and checks for overflow
(number too l.rge).

75:6(11715) TDUMP  Starts tape .I/) during a test and writes
EQF Marks after test.

76,6(118,¢) PDEL Converts a binary integer to a string of

: ASCII digits for output.

7716(119,,) ITT Inputs one ASCI) Character from the
teletype.

7816(120,4) pTT Outputs one ASCII character to the
teletype.

79:{121 1) TYPIN Routine called to fill the teletype

input buffer.

7A16(122,,) RESTPR Restores the executive data table
(locations 80, to A5,,) to it's
initial value, and zero the digitized
data buffer areas.

7B16(123,0) STPPIT Routine to stop the data acquisition
and restore the acquisition routine to
its initial state.

The buffers which are used to accumulate the digitized data consist of two
blocks of core, each 1025,, words in length. The first 25,, words of each
block are leader data, 20,,0f which may be set by the user. The blocks
are described below.

LOCATION BUFFER WORD PURPOSE
764, 1 Buffer record counter incremental by
B65,¢ the executive.
;gg:;gg“ } 2-5 Storage for Systron Donner time at
e ' which the first data for this record
were acquired.
769-77C,¢ 6-25 Header information stored by the user.
B6A-B7D, ¢ The 20,,words are constant during a

given acquisition.
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77D-B64,¢ 26 Digitized data. Note that these end
B7E-F65,¢ } 1025 addresses are only valid for the max-

imum data buffer length, 1000,,. Also

the data will be stored in the order

that 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 the input. For correction of input prior
to the slash, the last character input can be deleted by an up arrow (4)
and the entire line deleted by a back («). Of the particular input is
rejected by the GDAS, the back airow and a carriage return - line feed will
be printed. The quantity will be requested again.

The following idbuts are requested by the GDAS.
6 DAS.

1 Number of different data rates, the
No. Rates 2 user must input, 1, 2, or 3.
3
MICROSEC PER HI SPD READ. Number of microseconds to elapse between

reads of the highest data rate. For
example, 1000 samples/second would be

1000 microseconds; 100 samples/second
would be 10000 microseconds. The lowest
rate which can be input for 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 BUF LENGTH, MAX 1 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 the 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 ! second.

ADC CHANNEL ' : Address of the first A/D convertor chan-
nel to be read, i.e. the first high speed
channel.
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GAIN

NO. HI SPD CHANS.

NO. MED SPED CHANS.

NO. LO SPED CHANS.

NO. HI SPD READS/MEDIUM READ.

NO. HISPD READS/LOW READ.

INPUT DATA FOR TAPE HEADER?

WRITE BEGINNING EQF?

Gain to be applied to each A/D
conversion. Gains available are
times 1, 2, 4, or 8.

Number of high speed channels to read.
For one rate, this number will be the
total number of channels.

Number of medium speed channels to read.
The output applies only when there are
two or three rates. When there are two
rates, this is the number of lower speed
channels to read.

Number of low speed channels. This output
applies only when there are three rates.
This input is the number of channels for
the Towest rate.

Input the number of times to read the
fastest rate before reading the mid-rate
(or in the case of two rates, the low
rate). e.g., Suppose the high rate is
100 samples/second and the mid rate is
25 samples/second. The number to be
input would be 4 = 100/25.

In the case of three data rates, how many
times are the highest speed channels read
before the Towest speed channels are read?
Eg. Suppose the rates are 500, 250, and 25
samples per second, respectively. The
response to this input would be 500/25 = 20.

Yes or no response. This question asks if
the user desires to store constant numeric
data in words 6 through 25 in the header of
each buffer. This data is output to tape
with the digitized data. See 4.3.1.0 for
further 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 input,
he may enter letter A followed by a slash.

This allows the user to write a end of file
on the beginning 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 high
speed acquisition rates. (See 4.3.2.1 for
more detail.)
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START TIMES? Does the user want to input the Systron
Donner times (hr, min, Sec) at which the
GDAS is to start digitizing data? Yes
or No response required! If yes, the
user must input the times as requested
lf]no, the GDAS uses zero as the default
value.

STPP TIMES? Same as start times except these times
: . are when to stop acquiring data. The
default value is 1E00,6 if a no response
is entered.

A—

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
pl:yback. The quantity S/ will start the
GDAS.

When a test is completed, either by reaching the stop times or by an x input,
the GDAS will allow 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 new 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 between tests. If yes, it
rewinds the tapes. In either case, the GDAS initializes itself, i.e., the
user must enter new inputs for rates, etc.

4.3.2.1. Timing Estimates for GDAS

The GDAS will digitize data at various rates, write various
lenath records depending on the user's inputs. For this reason, the user
should put some "handle" on whether his specific rates and data buffer
lengths are feasibile. As mentioned previously, the minimum single rate
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
speed is to vary his buffer length. A longer buffer will take longer to
fi11 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).



The above inequality has been tested with 6 channels of data at 1000
samples/second using various buffer lengths. The minimum buffer length
which worked was 690. The time required to fill the buffer 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 the
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 with high rates, he must not start the tape from BOT. A beginning
dummy record or an end of file can be used to position past the BOT.



4.3.3.0.0 Subroutine Description

A1l routines are documented according to the pattern shown below:

.0 name

% | purpose

5 calling sequence

g software/software interfaces
.4 input data

= output data

.6 storage required

= | description

.8 flow diagrams

4.3.3.1.0 BEGIN - Pre- and Post Test Control Routine

§.3.3.1.1 The purpose of this program is to control the flow
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.

§.3.3.1.2 Calling Sequence -

JST *BEGIN
Where BEGIN is a core location which contains the
value 110;6.

RS Software/Software Interfaces
BEGIN uses both external and internal subroutines.
If no indication is given, the subroutine should
be assumed to be external.

RESTQPR 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 carriage return - line
feed to the teletype.

aTL ~ 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 subroutine used to check for the no change

conditicn in variables whose input is optional. The
routine FETCH returns an error condition for this
particular case when possibly no input error has been
made.
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EINS

ZWE]

DREI

HEADER

TPCHK

ADCHK

READPN

UNPACK

TEST

$:3:0,1:8

BUFR
NPRATE
CLCNT

MAXBUF
BUFZER

BUFZND
BUF@NE
"DBUF1

Subroutine called to input data pertinent to a one
rate data acquisition.

Subroutine called to input data pertinent to a two
rate data acquisition.

Subroutine called to input data pertinent to a three
rate data acquisition

Subroutine called to input and store constant data
into the 25 word tape buffer header. Only twenty
words of input are allowed: The other five are
reserved for record number and time.

Subroutine called to check for the tape ready condi-
tion, i.e. tape is on-line and not write protected.

Subroutine called to check that the A/D convertor is
not in mannual mode.

Internal subroutine called to read the Systron Donner
time code generator to determine when to start the
test.

Subroutine called to unpack the Systron Donner time
from pseudo BCD to binary.

Subroutine called to start the data acquisition and
remain in control throughout the test.

Input Data - The following parameters must be available
for storage/use by BEGIN

A 16 word teltype input buffer filled by TYPIN.
Number of A/D rates

'Number of microseconds between highest rate reads

of the A/D convertor
Maximum data buffer length (default 1000;,)

Starting address minus 1 for data buffer zero. (Set
at 77C1s)

End address of buffer zero (default B64:¢)
Start address minus 1 for Buffer One (set to B7D:c)

End address of buffer one (default F65;)
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HDBFLG Header length on data buffer (set at 25)

MBUFLG Minus buffer length including header (default=-1025;,)
BGNCHN First A/D channel to read (default = 0)

STHR = '

STMIN Systron Donner Strat hour, minute, second, and

STSEC Millisecond (default is 0)

STRMS

STPHR

STPMIN Systron Donner stop hcur, minute, second, and

STPSEL millisecond (default is 1E00,.)

STPPMS '

In addition to the above values, the pointers to subroutines FETCH,
CRLF, REST@R, UNPACK, and TYPIN must be available in Scratch pad
(Tocations 0 to 255). BUFR is stored at 25610 to 271,¢. The binary
numbers for the above values are returned from subroutine FETCH.

The inputs which may be alphabetical are put in the teletype buffer,
BUFR, and then checked for the appropriate alphabetical vaiue by
BEGIN.

The hours, minute, second, and millisecond are input by internal
subroutine READ@N.

$:.3:3, 55 Qutput Data

The specific names in the input section may be changed if there is a
default value. In addition to the above outputs, the following sub-
routines have calling arguments as indicated.

FETCH - The address of themessage 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
location after the call to PTL.

READPN - The code for the time to be returned (hours, minutes,
seconds, milliseconds) is passed through the x register.

UNPACK - The pseudo BCD time code in passed to this subroutine
through the A register.

CHKIT - The first character of the teletype buffer, BUFR,
must be available. Since CHKIT is an internal sub-
routine within +255 of BUFR, no special action is
required.
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TYPIN Any single character to be output before filling the
teletype buffer with input must be passed through
the A register.

R REE Storage Required - BEGIN requires 183;5 or 387pg
~words of memory.

4:3.3.1.7 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 immediately). 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 the 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
fuir the convertor being in manual mode. If so, the routine outputs
diagnostic message and continues checking until the cenvertor is
placed in automatic mode. The tape check routine checks for tape
on-line and not write protected. If either/or both conditions are
not true, a diagnostic is output. The condition(s) must be connected
before BEGIN will continue.

After the tape and A/D convertor are checked, BEGIN
will then start the test sequence by asking about writing a beginning
end of file. The user can write 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.

After the test acquisition is completed, the user
is asked about continuing the acquisition with new times. This allows
the user to have a short calibration run and then a long test without
changing his fixed data. The tape can be rewound if the user desires.
The GDAS then initializes itself and starts the whole sequence again.
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4.3.3.2.0
4.3.3.2.1

4.3.3.2.2

4.3.3.2.3
FETCH
CRLF

ATL
TYPIN
CONVR

B 3328

4.3.3.2.5

4.3.3.2.6

Subroutine FETCH

The purpose of this subroutine is to cutput a
message requesting numeric input and convert the
subsequent input to a binary integer.

The calling sequence is LDX Address of message
JST FETCH

Returns here if input in error

Returns here if input is okay

Binary integer is in the A register.

Software/Software Interfaces.

Interfaces with the following subroutines -
Subroutine which issues a carriage return - line
feed to the teletype

Subroutine which writes a line to the teletype
Subroutine which fills the teletype input buffer.
Subroutine which converts ASLII integers to a
binary number.

Input Data - The address of the message to be

output is transfered to FETCH through the x register.
A binary number is returned from CANVR in the A
register, and if an error was detected, the over-
flow bit will be set. The address of the teletype
buffer must be available in location A4, of scratch-
pad.

Output Data - Subroutine FETCH passes the terminating
character of the message requesting input through

the A register. The address of the first word of the
message is stored in the first location after the
call to the message writer, PTL.

FETCH transfers a blank character to the teletype
input routine, TYPIN, through the A register.

The address of the teletype buffer is transfered to
the ASLII to binary conversion rout1ne, CPNVR, through
the x register.

The binary number that FETCH was requested to input
is transfered to thecalling program through the A
register.

Storage Required - Subroutine FETCH requires Djg or
1319 locations.
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4.3.3.2.7 Description

When FETCH is called, the address of the message
requesting au 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 ca?ling the
routine, CRLF. After returning from CRLF, FETCH loads the terminating
character into the A register before calling, @TL. The terminating
character is always a period (.) for any message from FETCH. After
the message is printed by @TL, FETCH 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, CONVR. When CONVR returns control to FETCH, a
binary number will be in the A register. The overflow bit will be
set (i.e., 1) if CONVR 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.
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4.3,.3.3.0
4.3.3.3.1

4:3.3.3.2

4.3.3.3.3

4.3.3.3.4

LOCATION
8116

82
83

16
16

8416

8516

8616
8716

8816

8916

8A16
8C16
8016

Subroutine CLACK and STOPIT

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.

There is no calling sequence since this is an
interrupt subroutine.

Software/Software Interfaces.

CLOCK calls internal subroutine.

STRTAD to reset and start the A/D Convertor.
Internal subroutine STPPIT is called by external
programs to reset the CLPCK routine variables to
their initial state.

Input Data-There are no data inputs through calling
sequences. However, the following variables must
be available in scratchpad (locations 0-2561()

VARIABLE QESCRIPTION

NPRATE Number of Rates (1, 2, or 3)

NOLD Number of Low Speed A/D channels

LOCNT Number of High speed reads per low speed
read

NOMED Number of medium speed channels.

MEDCNT Number of high speed reads per medium
speed read

N@HS Number of high speed channels

BUFZER Starting address for storing data into

buffer zero.

BUFZND Ending address for storing data into
buffer zero.

BUFRNE Address for buffer one.
NDBUF1

MAXBUF Data buffer length
TPOUT Tape output flag
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LOCATICN
8E ;¢

VARIABLE DESCRIPTION

DONCLK Systron Donner time conversion flag.

BGNCHN Beginning A/D channel number

DPNMS Temporary storage for

DNSEC Systron Donner times

DNMIN (Hours, minutes, seconds,

DNHRS and milliseconds)

BUFUSE Flag indicating which data buffer is
currently being filled (buffer zero
or one).

Subroutine STOPIT sets the following variables to their initial state.

BUFEND
DPNCLK
CNTMED
CNTLO

ADCNUM

5, 3:3:.3:0

4.3.3.3.6

B:.3:.3:37

End of Buffer sentinel set to 0.
Systron Donner convert flag set to 0
Medium A/D rate internal counter to -1
Low A/D rate internal counter to -1

Number of A/D chanels to read to -1

Qutput Data - CLOCK outputs the start codes to the
A/D convertor and sets up the automatic input loca-
tions for the digital input values.

Storage Required - The CLOCK program requires 66,¢ or
102,, locations. This includes 14,,1locations
required by STPPIT.

Description - When a clock interrupt occurs, the
CLOCK subroutine responds by clearing the interrupt.
Since the time period between high speed A/D reads
was used as a clock count, each interrupt signals
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
is determined, CLOCK checks the buffer to insure
that all the data to be converted will 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.
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In either case, control is returned to the inter-
rupted program.

When the test is complete, STOPIT is called by an
external program. This subroutine stops the A/D
convertor and the clock to prevent future conver-
sions. STOPIT also resets counters interal to CLOCK.
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4.3.3.4.0
4.3.3.4.1

4.3.3.4.2
4.3.3.4.3

CLOCK

TDUMP

UNPACK

STPPIT

oTL
ODEC

CRLF

4.3.3.4.4

LOCATION

8Bi¢

8E6
80,6

Subroutine

Subroutine TEST

The purpose of this subroutine is to control the
background tasks during a data acquisition.

The calling sequence is JST * TEST

Software/Software interfaces.

TEST calls the following programs.

_alled for the first data acquisition
A1l additional acquisitions are done with clock
interrupts.

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.

Called to convert the Systron Donner times from packed
BCD to binary numbers. The A register contains the
number to be converted.

Called to stop the data acquisition and reset the
CLOCK routine.

Called to output messages to the teletype

Called to convert a binary number to decimal and
output it to the teletype

Called to output a carriage return-line feed.
Input Data - There are no data passed as calling argu-

ments. However, the following variables must be
available in scratchpad (locations 0-255,¢)

VARIABLE : DESCRIPTION

BUFUSE Buffer in use flag.

DﬂNCLK Donner Clock time conversion flag.

CLCNT Clock count (time between interrupts) in
microseconds.
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4.3.3.4.8 Output Data - The following messages are output
from TEST.

1 - DONE - ERRPRS -- PARITY XXXX TIMING. XXXX
2 - XXXX RECPRDS WRITTEN.
3 - RATE TpP FAST!

Message one and two give numeric values for the parity and timing errors and
the number of records written.

Message three 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. TEST Requires AB,¢ or 171,, locations.

4.3.3.4.7 Description. When TEST is called, the appropriate
counters (parity error, timing, tape output, etc.) are set to zero and the
appropriate 1/0 devices are set up. The clock is started and subroutine
CLOCK is called to start lie data acquisition. TEST then enters a loop.
The first step of the loop is to check for a buffer ready for output and
tape not busy. If a buffer is ready, it is output with a call to TDUMP.
If not, then the second step of the loop is executed. The second step
checks for Systron Donner times to be converted. If thére are times to

be converted, then the routine UNPACK is called. After the times are
unpacked and stored for output, the test stop 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 two 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.



80,6 TPRUT Tape output flag.

91,6 DONMS

92,6 DNSEC Temporary storage for Systron
93,6 DNMIN Donner times.

94,6 DNHRS

99,6 * STPHR

9A, ¢ STPMIN Test stop times in hours, minutes,
98,6 STPSEC seconds, and milliseconds.
9C,6 ST@PMS

9,6 BUFHDI

5 i } Address of the data buffers.
9F ¢ MBUFLG Minus data buffer length.
Al,s A PAR Tape parity error counter.
A2, TIMG Tape timing error counter.
A6;¢ TAPEND Tape end of operation flag.

In addition, the addresses of all the external subroutines are stored in
scratchpad.

LOCATION ROUTINE
3B, CLPCK
Tlie CRLF
72,6 pTL
. UNPACK
7516 TDUMP
7616 PDEC
7By STEPIT
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4.3.3.5.0 Subroutine REST@R

§.3:.3.5.1 The purpose of this subroutine is to reset all 1/0
devices and to restore all scratchpad variables to
their initial state.

§:3.3.5.2 Calling Sequence. The calling sequence is JST*RESTPR

4.3.3.5.3 Software/Software Interfaces - none

$:3:3:5.8 Input Data - none

$.3.3.5.8 Qutput Data - The following list of scratchpad
variables are restored to the indicated values.

LOCATION VARIABLES VALUE

8016 CLCNT 0

8115 NORATE 0

82, NOLP 0

8316 LACNT 0

84, N@MED 0

85,6 MEDCNT 0

86,6 NPHS 0

87,6 BUFZER 77C16

88,6 BUFZND B64 16

89,6 BUFPNE B7D1s

8A;¢ NDBUF1 F6516

8Ci6 MAXBUF 1025

8F16 BGNCHN 0

90,6 ADCRD 0

95,6 STHP 0

96,6 STMIN 0

97,6 STSEC 0
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LOCATION VARTABLE VALUE

9816 STRMS 0
99,6 STPHR 0
96 STPMIN 0
98,6 STPSEC 0
9C;6 STOPMS 0
90,6 BUFHDI B64,¢
9E ¢ BUFHDO 763,
9F16 MBUFLG -1025
AD;¢ MXBDUF 1000
A3y6 HDBFLG 25
A6, TAPEND 1

The twenty five header words in each data buffer are also filled with zeros.

4.3:3,5:8 Storage Required - This routine requires 4116 or 6510
locations.
8. 3:3.0:7 Description - The 1/0 devices are reset first. Then

the appropriate values are restored by using constants defined in REST@R
or by constants defined by load A register immediate instructions.
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4.3.3.6.0

4.3.3.6.1

4.31.3.6.2

4.3.3.6.3

4.3.3.6.4

ENTRY POINTS
EINS, ZWEI, DREI
ZWET, DREI

DREI

ZWET, DREI

DREI

$3:.3:0.9

Subroutine EINS, ZWEI, and DREI

The purpose of these subroutines is to input Data
generic to the number of A/D conversion rates.

Calling Sequence - The calling sequences are -

I JST * DREI
B NQP

¥+ e N@P

43 RETURNS HERE
I JST * ZWEI

1 ¢} RETURNS HERE

JST * EINS
1 NQP
3 2 RETURNS HERE

Software/Software Interfaces - Subroutine FETCH is
called to .ype the data request and read the input
value,

Input Data - The only data input is through the tele-
type and is returned in the A register by FETCH.

The following input values are required by the indicated
entry point.

VARIABLES REQUIRED
N@HS number of High speed A/D channels.
NPMED number of medium speed a/D channels
NALD number of low speed A/D channels

MEDCNT number of times to read high speed channels
before reading medium speed channels

LACNT number of times to read high speed channels
before reading low speed channels.

Output Data - The Data which are teletype inputs are
stored in scratchpad (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,¢ or 113,, locations.

4.3.3.8.7 Description - Each subroutine only types out that
information which is generic to its specific rate. The X register is
loaded with the address of the message to be output. Subroutine FETCH

is called to type out the message and read the input number. If the
number is in error (i.e., couldn't be converted from ASCII), FETCH returns
to the next instruction past the call. The message loop is then repeated
If the value is valid, it is stored and the next call to FETCH is executed.
A11 the entry points return control to the calling program.
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§:3.3: 740 Subroutine HEADER

8:.3:3.7.1 The purpose of this subroutine is to accept user
input data for the data buffer header words 6-25.

#.3.3.7.2 The Calling sequence is JST * HEADER

&, 3:3.1.3 Software/Sof tware Interfaces -

Subroutine HEADER calls: CRLF to output carriage
return-line feeds; OTT to output a single character
from the A register; PTL to output a message; and
FETCH to output a message and to read a number for

storage.

.03 18 Input Data - The following data must be available
in scratchpad -

9D, BUFHDI Address of the buffer header for

9E,6 BUFHDO buffer one and zero.

Ad,, BUFTTY Address of the teletype input buffer.

The only other input data is from the teletype for storage in the headers.

4.3,3.7.5 Output Data - up to 20 words of information may be
stored in the buffer headers. Output message addresses
are passed to FETCH and PTL. A single character to
be output is transferred to @TT via the A register.

§:3.3.7.6 Storage Required - HEADER requires 57 or 87 locations.
4.3.3.7.7 Description - HEADER calls @TL to output the message:

HEADER DATA INPUT TO TERMINATE, INPUT 'A/'. The subroutine FETCH is called
to write the word number of the header in to which the next input value will
go. If the value input is in error, the FETCH is called to print the mes-
sage again. If the value is valid, it is stored in the headers. The header
word pointers are incremented and FETCH is called again with the next word
number. The process is repeated until either 20 values are input or the
quantity "A/" is input. HEADER then returns control to the calling program.
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4.3.3.8.0
4.3.3.8.1

4.3.3.8.2

5.3.3.8.3

4.3.3.8.4
4.3.3.8.5

4.3.3.8.6

4.3.3:8.1

Subroutine PFAIL

The purpose of the subroutine is to provide an
orderly shutdown of the CF16A during a power
failure,

There is no calling sequence since this is an
interrupt subroutine.

Software/Software Interfaces

This subroutine doesn't call any other subroutines.
However, it does store a jump to the restart rou-
tine at the interrupt location, 00,¢.

Input Data - None

Qutput Data - An instruction is stored at the
restart interrupt location

Storage Required - This routine requires 7,¢ or 7;,
locations.

Description - When a power failure is detected, an

interrupt is generated. This subroutine responds to that interrupt by

halting an tape 1/0.
location 0.

It also stores a jump to the restart routine at

The interrupts are enable and the CFIGA is halted.
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4.3.3.9.0

4.3.3.9.1

4.3.3.9.2

4.3.3.9.3

4.3.3.9.4

4.3.3.9.5

4.3.3.9.6

§:3:3.9.7

Subroutine PWRON

The purpose of PWRPN is to insure an orderly restart
after a power failure.

There is no calling sequence since this routine
responds to an interrupt at location O.

Software/Software Interfaces - This subroutine calls
RESTOR to reset the system variables to their ori-
ginal state. It also calls STPPIT to reset the

CLOCK data acquisition routine to its original state.

Input Data - None

Qutput Data - This subroutine stores a jump to the
spurious interrupt handler at location 0.

Storage Required - This routine requires 9;¢ locations.

Description - When a restart interrupt occurrs at
location 0, this routine calls RESTPR, STPPIT, 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 0.) PWRPN then begins execu-
tion at location 1115, the start of GDAS.
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4.3.3.10.0
4.3.3.10.1

4.3.3.10.2

4.3.3.10.3

4.3.3.10.4

4.3.3.10.5

4.3.3.10.6

4.3.3.10.7

Subroutine BADRPT

The purpose of this subroutine is to alert the
user that a spurious interrupt has occurred.

There is no calling sequence since this is an
interrupt subroutine.

Software/Software Interfaces - This subroutine
calls @TL to output the message -

“"SPURIQUS TNTERRUPT! CYCLE TO CONTINUE."
Input Data - None

Output Data - The ASCII character '.' is loaded
into the A register before calling QTL.

Storage Required - This subroutine requires 1C,¢
or 27,0 locations.

Description - When 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/0 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 hardware fault and is likely to recur until
the hardware is repaired.
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.3.3.11.0
.3.3.11.1

3.3.11.2

e3.3.11.3

.3.3.11.4
SRR

.3.3.11.6

s 3117

Subroutine TPCHK

The checks the tape unit to insure that a tape
is mounted and not wirte protected.

Calling sequence - the calling sequence is
JST * TPCHK.

Software/Software Interfaces - TPCHK calls CRLF
to issue a carriage return-line feed to the tele-
type. Subroutine PTL is called to output the
message.

"TAPE NOT ON-LINE."
" TAPE IS WRITE PROTECTED."
Input Data - None

Output Data - The message termination character is
transfered to @TL via the A register. The address of
the message to be output is transfered as an argumen!
immediately after the call.

LDA termination Character
JST * OTL
DATA message address.

Storage Required - This subroutine requires 30,¢ or
48,, locations.

Description - Using the sense instruction, TPCHK
checks to insure that the tape is on-line and not
write protected. If either of these conditions are
not met, a message is output. TPCHK then enters a
loop until the error condition is corrected. After
the error conditions are corrected, TPCHK returns to
the calling program.
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4.3.3.12.0
4.3.3.12.1

4.3.3.12.2

4.3.3.12.3

4.3.3.12.4
4.3.3.12.5

4.3.3.12.6

4.3.3.12.7

Subroutine ADCHK

Subroutine ADCHK checks the A/D convertor for
automatic mode.

Calling Sequence - The calling sequence is
JST *ADCHK

Software/Sof tware Interfaces - This subroutine
calls CRLF to output a carriage return-line feed
and PTL to output the message

"ADC IN MANUAL MQODE."
Input Data - None

Qutput Data - The termination character of the message
is transferred to @TL via the A register. The address
of the message is transferred as a calling argument.

LDA Termination Character
JST * PTL
DATA Message Address

Storage Required - ADCHK required 16;¢ or 22,, loca-
tions.

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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