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SUMMARY

is report documents a computer arogram called Znsemble Averaging of Acoustic
ta The program samples analcg éta, analyzes the data, and displays them in
ne time and freguency domains. Hard copiss of the displays are the program's
taut. The documentation includes 3 jescription of the program and detailed
usar insiructicns “or the arogr 3m.  1his software was davelsped “or use 2n the
Ames +3x80- 00t wind tunnel's Oynamic Analysis System consisting of a POP-11/45
computar, wWwo RK35 disk drives, a Tektronix 811 %eybcard/display tarminal, an
FPE-Z Fouriar Procassing tlement, and an analog-to-digital convertar.

Tnanc

ftware was deveioped by 3eam Engineering, Inc. under aurchase order no.
70 MASA-Ames Research Center with Marianne Mosher as contrac:t monitor.




LIST OF SYMBOLS

Array of data in frequency domain

Array of power spectrum data after bandwidth has been

corrected

Array of data from single-sided transform with correct

amplitude

Complex conjugate of array

Array of power spectrum data

Index for frequency

Sample index

Number of averages

Number of samples

Index for time array

Array of data in pressure units of N/m?
Average sequence of sampled time data

One sequence of sampled time data

Sound pressure level

Calibration constant which converts volts

Frequency

to N/m?
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INTRODUCTION

The program "Ensemble Averaging of Acoustic Data" samples analog acoustic data,
analyzes it, and displays it in both the time and frequency domains. Three graphs -
a time history graph, a power spectrum graph, and a sound pressure level graph -

are produced. Hard copies of these displays are the program's output.

This program was written for use on the Ames 40x80-foot wind tunnel's Dynamic
Analysis System. The output is written to a Tektronix 611 keyboard/display
terminal. The data is input from a playback tape recorder connected to the Dy-
namic Analysis System. This program can also use on-line data. For this report
the descriptions are given as if data is played back through a tape recorder.

This report includes a description of the program which explains how the program
analyzes the data and instructions for operating the program. The program is

written in Fortran and uses Fortran subroutines for data gathering and processing.
These subroutines are found in Reference 1. The report also contains a general flow-
chart for the program in Appendix A, a flowchart of the code in Appendix B, a

listing of the program in Appendix C, and examples of typical running sequences

in Appendix D.

There are two versions of this program: Time Frequency 2 (TF2) and Time Frequency 3
(TF3). They are identical except for the way the bandwidth is corrected for the
power spectrum graph and they write the calibration data to different files. The
differences in TF2 and TF3 will be explained fully in the Program Description
section and the User Instruction section. This report is valid for both versions.

I would like to express my thanks to Marianne Mosher for her help and guidance in
the development of this software.

PROGRAM DESCRIPTION

The following is an explanation of how the program "Ensemble Averaging of Acoustic
Data" analyzes analog acoustic data. The flowchart in Appendix A illustrates the

process. [t would be beneficial to the reader to refer to Appendix A while read-

ing this section.

The first step is to calibrate each channel of microphone data. This is accomp-
lished by first sampling the analog data from a channel specified by Thumbwheel A.
(Thumbwheel A is on the front panel of the Dynamic Analysis System) The analog
data are digitized by the Dynamic Analysis System's converters and a sampie length
of 2048 data points are taken. The sampling frequency used is 1024 Hz with a low-
pass cut-off frequency of 500 Hz. Data acquisition is started on receipt of an
electronic trigger signal. One average is taken of the calibration data.

Next, the calibration data are converted from the time domain to the frequency
domain by a single-sided Direct Fourier Transform. The output values are cal-
culated by the following formula:



D(wj) = 1/N Zﬂ;é (P(n)expl-i27wj n/N] x [v8/3 x 1/2 x (l-cos 2an/N)]

where j - 0 to N/2. The Normalized Hanning operation is'performed in the frequency
domain after the direct transform is computed (Reference 1).

The correct amplitude from the single-sided transform is then computed by multi-
plying the data by a factor of 2 '

Glwy) = (2) x (D(w5))

Then the transformed spectrum is converted to a power spectrum by multiplying the
spectrum with its complex conjugate

H(ws) = [G(a3)] x [G(u5)]

Next, the calibration constant is computed. The calibration data points 400 to
600, corresponding to the frequencies 400 to 600 Hz, are summed and the square

root is taken of this sum. This value is then multiplied by the calibration factor
which is input by the user. The calibration factor is determined by the type of
calibrator and microphone used. The standard calibration factor is 1.0. The
value, VCAL, is the calibration constant

VCAL = [nggéoH(mj)]l/Z x [calibration factor]
VCAL is used to compute the pressure constant. This sequence continues until

all the microphones have been calibrated. The program is then ready to sample the
analog acoustic data.

The analog data are sampled as in the calibration sequence. The digitizing rate,
sample frequency, gain, and the number of averages to be used are determined by
user input. Anti-aliasing filters within the Dynamic Analysis System use a cut-
off frequency that is determined by the sample frequency chosen. Data acquisition
starts on receipt of an electronic trigger signal for each sample.

The data are then averaged in the time domain. The sampled waveforms are added
up point by point and then divided by the number of averages

S(n) = ZE!?X Sy (n)/Kmax

The data are converted to pressure units of N/m® by multiplying the data by the
computed pressure constant

p(n) = ((100-9310720)y o 31 7 vcAL) x s(n)

The analyzed time history is then displayed on the Tektronix screen.

The data are converted from the time domain to the frequency domain, the amplitude
is corrected, and the transformed.spectrum is converted to a power spectrum by

0
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the same methods used in the calibration process. At this point the correct band-
width is computed. The power spectrum data points are summed together by the fol-
lowing formula:

If TF2 is used, F(wj) = H(

If TF3 is used, F(wj) = H(

924.1)F Hlwgg)for § =1 to n/2

+ H{ )+H(LJ3j) for j =1 to n/3

Lu3j.z) Y33-1
where n is the number of frequencies in the spectrum or half the number of points
sampled. Summing the data points changes the bandwidth by a factor of two if TF2
is used and by a factor of three if TF3 is used. The power spectrum graph is
then displayed on the Tektronix screen.

The sound pressure level graph is displayed on a Tog scale by the following
formula:

SPL = 1010910 [F(w;)/(.00002)2]

This sequence is repeated for all data to be analyzed until the user exits the
program.

USERS' INSTRUCTIONS

The following is an explanation of how to operate the program "Ensemble Averaging
of Acoustic Data" on the Dynamic Analysis System. Appendix D contains an example
of a typical operating sequence. [t would be beneficial to the reader to refer
to Appendix D while reading this section.

The operator must load the disk pack labeled "TF2 and TF3" onto the RK05 drive and
boot the Dynamic Analysis System. The operator then initializes the program by
entering the following command:

R TF2 <«cr>

Once this command has been entered the program automatically reads the
calibration data from the file VCAL2.DAT and stores it in memory. If
the user wishes to use the TF3 version, R TF3 is entered and the cali-
bration data are then read from the file VCAL3.DAT. The program will

then begin prompting the operator for input parameters. The operator

enters the desired values as described below.

ENTER TEST NUMBER NNN <cr>
The operator enters the test number of the analog acoustic data to be

analyzed. The test number can range from 1 to 999. Entering a zero
or a carriage return will cause the program to terminate.



ENTER RUN NUMBER NNN <cr>

The operator enters the run number of the data to be analyzed. The run
number entered can range from 1 to 999. Entering a zero or a carriage
return signals the end of a test to the program which then prompts for
the next test number.

ENTER POINT NUMBER NNN <cr>

WHAT

The operator enters the point number of the data to be analyzed. The point
number can range from 1 to 999. Entering a zero or a carriage return
will cause the program to prompt the next run number.

TYPE OF CALIBRATION? 0 OR N (NO <cr>)

The operator enters which type of calibration data are used, old or new,
by entering an O or N respectively. No carriage return is necessary.

If the operator enters an 0, the old calibration data are used and the
operator is then prompted for the voltage code. If an N is entered,

the following two prompts appear on the screen.

ENTER NUMBER OF ‘MICROPHONE TO CALIBRATE <cr>

WHAT

The operator sets the appropriate channel on Thumbwheel A and then enters
the microphone number. ***Before entering a carriage return the user
turns on the tape recorder so the proper calibration signal is present.***
The microphone number can +ange from 1 to 99.

IS THE CALIBRATION FACTOR FOR MICROPHONE XX (REAL INPUT) <cr>

The operator enters the calibration factor for the microphone just
calibrated. The standard calibration factor is 1.0. The program then
prompts for microphone, and calibration factor continues until the
operator enters a zero or a carriage return in response to the prompt
for the microphone number. Once this occurs it indicates to the program
that the calibration process is complete. The new calibration data are
then written to the appropriate file and the next prompt then appears

on the screen.

ENTER VOLTAGE CODE <cr>

The voltage code specifies the maximum analog input signal level that

is allowed while sampling the analog data. The voltage chosen should be
higher then the maximum peak voltage of the signal. The voltage code
can range from 1 to 7 and corresponds to the volts used as specified
in the following table.
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VOLTAGE CODE

+ .125 1
£ .25 2
£ .5 3
£1.0 4
2.0 5
4.0 6
+8.0 7

Entering a zero or a carriage return will cause the program to prompt
for the next point number.

ENTER SAMPLE FREQUENCY CODE <cr>

The sample frequency code entered specifies the sampling frequency of
the analog to digital converter. The sample frequency code can range
from 1 to 7. The sample frequency code also specifies the cut-off
frequency to be used by the anti-alising filters according to the follow-

ing table.
SAMPLE CUT-OFF SAMPLE
FREQUENCY FREQUENCY FREQUENCY CODE
51.2 20 Hz 1
204.8 100 Hz 2
512.0 200 Hz 3
2048.0 I- KHz 4
5120.0 2 KKz 5
20480.0 10 KHz 6
51200.0 20 KHz 7

Entering a zero or a carriage return will cause the program to prompt
for the voltage code.

ENTER SAMPLE CODE <er>

The sample code entered specifies the number of analog data points to
be acquired and stored per frame and per channel. The sample code can
range from 1 to 4 and corresponds to the number of samples taken as
specified in the following table.

NUMBER OF SAMPLES SAMPLE CODE
128 1
512 2
1024 3
2048 a

Entering a zero or a carriage return will cause the program to prompt
for the voltage code. ‘



ENTER MICROPHONE NN <cr>

The microphone number entered is the microphone number of the data to
be graphed. The microphone number can range from 1 to 899. Entering

a zero or a carriage return will cause the operator to be prompted for
the number of samples.

ENTER GAIN (REAL INPUT) <cr>

The gain must be entered as a real number. Entering a 99.0 will cause
the program to prompt for the microphone number.

GAIN IS XXX Y OR N (NO <cr>)

The operator checks if the correct gain was entered. If the gain entered
was not correct, the operator enters an N. The program then prompts for
the gain. If the correct gain was entered, the operator enters a Y

and the program continues with the following prompt.

DATA ACQUISITION STARTS WHEN <cr> IS ENTERED
ENTER NUMBER OF AVERAGES NNN <cr>

The number of averages entered is the number of averages to be taken
of the waveforms. ***Before the carriage return is given the operator
turns on the tape recorder so the proper signal is present.*** The
number of averages can range from 1 to 999. Entering a zero or a
carriage return will cause the program to prompt for the gain.

At this point the time history and spectra graphs are displayed on the Tektronix
screen. The display will stay on the screen until a carriage return is entered.
Before a carriage return is entered a hard copy of the display must be made since
there is no way to back up to the previous display once the carriage return has
been entered. After the sound pressure level graph is displayed and the operator
has entered a carriage return the program prompts for the next microphone number.
The program will continue until a zero or a carriage return is entered in response
to the prompt for the test number.

Various error messages may appear on the Tektronix screen while running this
program. If this occurs, the user should refer to Reference 1.

REFERENCE

1. Reference Manual TSALF Time Series Analysis Library - Fortran (for RT-11
Fortran System), GenRad Time/Data Division, 1976.
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APPENDIX A
GENERAL FLOWCHART
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CALL ASZIGHIZ. "UCALZ DAT*, 3. "HEK® >
)

MRITECZ. L ¢ DCHLEC L . [=1, 9590
CALL CLOSECZ
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l HH—HH-(—tHtHHH»HI-H—I-#HH‘H‘tH
MEHU : ¥
i IHHHHHHHHHH-l-H-H1-1«1‘1-H-H$
L4 CAbL ERFASEC 'EE D
CEEEE USER FPROMPTZ FOR OOLTAGE CODE AHO SAMPFLE FREDUEHCY ¥EF

TYFE 1560

CEE il

{5 FHFHHT ZELUDL TS s CEMTER ! L S5 SAMPLE-FREDUEHCY ' .

1 4x tHT UFF FFEﬂH[HI. T 'FHTEF' RS R L BB VR
VoOCSL EIeE 2l 2L L ER, '1' S B.o25 85,2 1o
1 ,1¢FJ‘163 HZ‘,li:,‘;'.r 15,'+ - .5 Ha 3, En Sl
S BT [ B & PR BTNV IORELE S S TN S R S S IS DO & P2
I SN B S VG R AT S ST & IR OO TN 1) IS 10 B 5
Lo 1a= 2 FHE V12605 L LA S~ 4 00 L. S L Las, P oadise
IS S S T 0 o T o R B R R S-SR 2 RS e (Y
i 192 EHZ 12T

TVFE 178

FOREMAT 020225, "EHTER VOLTHGE CODE . %0

ACCERT 10 THOESL

FORMAT T2

IF SOTHDEZL . GE 1y GO C THOE=L  LE . T2 G0 Y 228
IF CIHDEFL HE v S0 TO Zaa

call ERASE 2 KB

SO To §a

TVPE z1n

FORIAT C 7, 200 "WHAGTY  WUOLTAGE CODE IS 1-F1* s
SO TO e

TYFE 23

FORMAT <7, 126, "ERTER SAMFLE-FREQUEHCY CODE ‘L ¥
ACCEPT 120, THOEZ=

IF CCTHDEZS GE .1 o AHD CTHOESS LE. 722 G0 TO 258
IF ¢YHDEZS EG . vaax GO TGO 168

ot
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!
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(3

TVPE 240

248 FORMAT <0 183 'HHAT?  SAMFLE FREGUENCY [5 1-71°

Lo Ta 220

234 CALL ERASEL 'KB' X
CEEERE USER FRONFT FORE HUMBER OF SAMPLES  REEE

P TVFE 27a

Zia FDRHQT{ff/,TZG;}NUHBER OF CanFLeEs ¢ EHTER",
oaTE 1 A Tes P52 T2 20 . 7, T2 1929, T2,

I '2udg!  T4Z2, "4
Za TVFE 25
i FORMAT 701520, "EHTERE SAMFLE CODE * . %)
ACCEFRT 1eW. YTHDEYS
[F COTHDERZ GE. 13 AHD . CITHDERZ LE 42 GO TO 315
IF (THOESZ Ef o G0 TO 148
TYPE 200 -
S0 FOREMAT 187 UHHATY  SAMFLE HUMBER 13 1-4t'

Lo To 2o

CHEEEE BAHOWIOTH. LOLYS, AHD SOMFLE FEEQUEHDY OUTPUT *x%

216 EDM= SAM THOEXS 2 T=Y 26 THOESZ »
TVFE Z2zv. 6014

3z FORMAT (127, "BOHDWIOTH = *LF1g. 3
TYPE Zz21,000TY THOE=L »

321 FORMAT <7, 125 U0OLTS = +.~ ', FS.
TVFE 3222540 THOE®S »

32z FORMAT <, 132, *SAMFLE FREQUENCY = L F2. 2

AN

!

2. 128!
3,750,127,

CE¥EXEE ISER PROMPT FOR MICEOFHOHE, GALH, AND AUERAGES FEERKEE

223 TFE 224
324 FORMATY -~ 127, "EHTER HICEOFHOHE HH ‘. %2
ACCERPT 134, IMIE



[qn]

-}

(RS ENY)
N
[

Ll
J
o~

IF CIMIE . EQ. 8> GO TO 2S5

TYPE =26

FORMAT < '+ L7134, "EHTER GAIH (REAL INPUTY ', $D
ACCERT 327 .GALH

FORMAT <FS. 15

IF CCAIH.ED. 2% % GO TO 223

TYFE 229, quN

FURHHT\14\ ‘GAIH IS ',FS.lf' VOORE H CHO <CR>> ', &)

IDH = ITT[HRf\

IF CI0U EQ. 7S 0R. 10U EQ. S5 CALL ECHO < T0D0

[F CIOU EQ 73 0F.I0U EQ. 23 CALL IFOKES "44, "aodua s
IF CIDU . ER. 723 G0 TO 225

IF 100 ED 220 o0 TO 321

Ll T0O 7“u

TVPE 232

FHFHHTt Voo 1, OATE ACPNTSTIOM ZTARTS WHEH <CR: IS EMTERED' .

'EHTCP HUMEER OF AUERAGES HHH ', 3

-HLLEFT 235, HOALE

FORMAT T3
[F “HOAUE ESQ v G0 T 325
LOTO 941G

IS LSRRIV EEREIEIRI2EN SRR SSEZSSAS S F A&

Cf 0iTé ¥

RS SN S S ARSI ABA RS BRI SRS RE S ARSI SR T BN RS S 3

CHEREXE CALTERATION FARGMETERS FOR GCoUISITION OF AGHALOG DATA XEEEE
441



(&3]

CHRER FARAMETERS AHD DATa FOR ACOUYSITION OF aHAaloG DETéa ¥EF

314 CALL ANINITY TARRASY . ALEL, QUM DUML TSI ZEC LHOESZ 7, 1,
1 SFREEW THDEXZ 3. YRAHGEY THOEZ= 5. TLEUVELY YHOEXL ». IEFR, &, &,
1 JIFILTECIHOERZ M1 2
IF CIER.EQ. QY GO 10 420
TVFE 4z, 1ER
4z FOREMAT < <7085 ERRORE AGHIHIT' . IS
STOF
424 IF CICaL B 7S 50 T 444

CE¥Y Al COURLIMG. OC OFFSET, AHD CALIBRAGTION OFTIOHS FOR
CHEEY THFUT OF SHALOG 0AaTa FYees

CALL AHITHIT <2, IER
[F CIER.ES 215 GO 10 440 L
TVvFE 4z2u. IER v
=ToF

444 CALL MUICH C TER»
IF CIER HE. @> G0 TO 440

CHEEE IHITIALIZE OATA FOR TIME THFORMATIOH BLOCE EXEs
GIBTCL 3.1

fn 4560 1
451 ARIBTCT S

-
Lt

AIEIC] 3

[T

C¥y IF CALIBEATIHG SET HUMBER OF AVERAGES T 1 %
IF CICAL ER. 7o HOAUE = 1
C¥EEy START SAMPLIHG DATA POTHTS £y

CALL ZERDCTINE, ALEBT >
0O 469 I=1,HOAVE



[en]

CALL ANIMF CIFRAME. 1IER
[F {(CIFRAME.GE @ AHD.CIER . GE. @3> GO TO 462
YFE 441, IEK. IFRAME

461 FOEMAT oS8, CERROR ANIHP® IS0 1S, "FRAME CODE * .,

STOF

46 IF CICaL . EQ.d=x GO To Sao
RIBCC 2 =QalBI 2
CAaLL FLOITHFY IAREAY . ALEL . CAREAY . ALBC »
CALL nbDs CAaRRAY, ALBC, TIME, Q1BT »

4 COMT THUE
DO 478 H=1. [SIZES LHDEY.Z @

q7u TIMES M 2=TIHEC H 2 HOARVE

CEY COHUERT TO PRESSURE UHMITS OF H-¢ MEMS &%

4 BETG=10 0k — Ol o, o
PRESURS { BETHE. 21 . 7 U0aLe IMIK %
CALL MLCOHEY PRESUR, TIHE . (1ET &
LG=1

C¥y¥ty GRAFH TIME HISTORY  £FEE¥Es
Lo T EZ0
C;t’_}ﬁ ¥ )ti}’.ﬁt’. YFEXEEFNEVER FEXET AL EXRE t tE ¥t 93
¥ DAaTéa FOR FOMER SFECTRUM GRAFH ¥
NEEIESSAXEFPBEFE RS S I SE S AE AL S SRS
C¥y COMHUERET DATA TO HORMALIZED 1HTEGER FORM %%

450 AIBLCZ =AIBT(Z S
CALL FIZFIMCTINE. ALBY, IARRAY . ALET >

S



C¥E QIRECT FOURIER TRAMSFORM %

S CALL OF TS FARREY . LBY . XER. 1
IF CTER.EQ Ay G0 To SZ6
TYVFE S14a. IER

aln FORMAT CA0 50, "ERROR DFT!, IS
STOF

CH¥ CORRECT FUR DHE-SIDED OFT €

Szo OO0 521 I=2. ISIZEC INDEYS o
521 TARRAGC L d>=TARRAYY T »¥2

CH¥ OLD CALIBRATION ¥ THEH HO HEED TU IHITIALIZE O0AaTé FOR
C¥¥ TIME IHFHFMHTIUH EIUIP ¥

IF CICAL B 720 GO T S2&
CEy CALIBRATIHG 20 IHITIALIZE DAaTa FOR TIME THFORMATIOH ELOCE %

AIBT 1 = vy v

alBTCZ -—HIEI(L-

1 529 =3,
HIBT'I'—HIEI I

Crbl ZERO CTIME.AlET »
AIBT(S =4 &

Lacn
Nl
1Ty

C+¥ FERFOFEN SELF-COMJIUGATE MULTIFLY-AHD-GDD FOR AVERALED
C¥y AUTO SFECTRUM FREOM OFT RESULTS $if

CALL AZPECC IAREAY . ALEL, TIME, AYBT »



C¥¥ COHUERT DATA TO FORTRAH FLOATIHG POIHT FORM ¥X
CHLL FLOTFCTIME . AYET &

C¥EY CORRECT UalUE= TO KNS PRESIZURE SOUGRED ¥R¥k
CALL MLCOME. (S, TIME, ALRT &

CXf IF CALIBRATING THEM SUM MAGHITUCES SOUARED
C¥y FOR CALIBRATED DATA EEE
IF CT1CAal B 72 G0 Td 544
CEy IF HOT CHLIBRATING THEH GROUF POMER SPECTRA IH 2'S &f
IMEY = [SIZEC YHOERS 32
00 523 I = 1. IHas
IFI = I+I
IFIMI = IFI - |
S25 TIMES T = TIMECLFIL s + TIMEC IFIMI 3
Cxt SET LOWER LIMIT FOF FOMER SPECTRG 14

DO 52 I=1. ISIZEC THOERZ »
5320 IF CTIMECT O LT C4 @l 10 ¥ -3 2a00 TIMECT »=4 Q%019 FR -3 23

C¥¥ GEAFH POMER SPECTEUM FEY

LG = 2
GO TO 620

CEEE¥ SUM MAGHITUDES SOUnRED FOR CALIBRATED DaTra ¥EREX
540 CALL TMIK =@



(RS}

' D0 SSe I=4aa. con
S5u WCALC THTR 3=Wily THIK »+ TIHES T
UCALL T 3=20F U UCALS DT E 3 0
TYFE Hen. TMIE
S6d FORMAT SN, "HHAT IS THE CALIBEATIOH FACTOR FOR MICROFHOME *,
1 1Z," JREAL THRUT 5' »
ACCEFT S70. CALFALC
fs FORMAT C51a . 20
LEALC IMTK 2=00al s THIE SpCaLFAC
TYFE S, IMIE . QAL THTE >
e FORMATC 26, "UCaLC LTz " = 0 L F8 €2

CHEXE PREOMFT FORE HE=T MICEOFHOME YEfttts
LOTo 11D
A
(100 70 20 0l o 0 o000 30 05 8 2 O 0 0 B

C¥ DATa FOR S0UHD PRESISURE LEVEL GEAHFH %
l: j)t’.:ti)t)ti}’.iti ltiitfit:jt ¥rEtvEE s ESN ;tjit-IitIZtiti.t’_.ti}’.]i ¥¥E }.I'J,'T'ti 111;1';}1;13

Cx¥ COMUEERT 10 DE SCAHLE $36%

2715 A= 25810 kS
CALL MLCOMEC S, TIME, ALBT
DO &1y I=1.1SIZEY THOEXZ »

19 IF CTIMECT S LY 19, » TIMEC] »=113.
CALL LOGCTIME, ALBY >
COLL FMLCOHEC LY., TIME, ALET 2
DO caz I=1, IS1ZEC THOEXZ 272
TIMECT > = TIMEC I -S43

£B2 IF CTIMECT > LT v 3 TIMEC L >= 9.
LG=3



IBSSSSERNESIRHSIRAVES IS EAEN S S 2
C¥ GRAFH= ¥
(BEANIRIISERIRI RS FEAPESHSRER RS S 3

CYE¥XE ORAM BORROERS Fiayd

e

5 AL CALL ERASEC 'EB* »

CALL BEAMFY 'EB' . 141 .122

CAaLL QECTORS 'EB* , 1925, 1220

CALL UECTOREC KB . 102Z. 77280

Chall VECTORY ‘KB . 141.7200

ALl VECTORC 'KB' . 141,122 .

IF CLG ES 1 CALL BEAMFC 'EB' . 141,421

IF LG ED. LY CARLL VECTOR. "EB' . 1V2Z,421 o

[F CLG EC. 1 Call ALPHEY "EB' , 469, 760, 12, "TIME HISTORY ' 3
IF LG EQ. 23 CALl ALFHA "EBY, 442, 7ai. 14, ' POMER SPECTEUM® »
IF <L B0,
EHCOOES 1 2, &, GCHARLY . HORUE
FORMATC I3, 19, " AUERAGES ' &

l'.;) ('..'l bt

M
NN
1S

CALL ALFHA KB 4, 725, 120 ACHAU

IF CLGUEC. 13 Call ALFHAS "EB' . L. San. 2. @RPLITUDE * »

[F CLG ED. 13 CALL ALFHG KB, L, 4EL. 7. PO HAMEM D' 3

IF (LG ED. Zx CALL ALFHA 'KEB' . 35,497,2.'08" »

IF (LG ER. 20 Chall ALFHAY KB 2. 36803, CREF® &

[F CLG ER. 23 CALL ALFHAY 'KB' ,S. 2236, aaagz* >

IF (LG ED. 2 CALL ALFHA KB . 1. San, &, 'PRESSURE ' »

IF (LG E. 20 Call. ALFHA 'EB* . 1, 4al, 7. ' SOUARED ' »

IF (LG EX. 23 Call ALFHA "EB! . 27,322,102

IF (LG ED. 2 CALL ALFHSY 'EB' . 1-399.?- 'H FIEM D

IF (LG.GT . 1 Call ALFHAY 'EB', 471 .59, 'FREGUENCY 'H
IF (LG EY. 15 CALL ALFHAC 'EB' . Saa, S, lw,'TIHE CSECH
EHCOOES 689, 256, viCHAR » 1TEST . lFHl FOLHT . TMIE

r—n—q\

650 FORMATS *TEST = .12, 4%, 'RKUH = *,
147, 'MICEOFHOHE = ',Ih,uﬁ'
CALL ALFHAC 'EB' ., 14%, 20, 9, ACHAR »

o0, PPOIHT = L X3,

CALL ALFHGS CEE. 399, 760, 29, SOUHD PEESSURE LEVEL' =



CEREE V-aXIS SCALE Ceevy

IF <LG ME. 13 H LSLZES THOEXZ 2
IF (LG E L H [S1ZEC TMDESZ
T LG ER 1D AND SH OGE Saasd B = Sag

it

4

CEEY FIND MASTMOM ARMFLITU0E £¥E6Y
AMAHAF = GESCTIMES 1 oo
00 Sen =2, H

LF CARAEAR LY CAESCTIMECT 202 AMAEAP = GRSCTIMES I o
IF LG ES 1 GO TO &30

!

M
g
=

o

CEEEYE FOR SPECTEA FLOTS OOH'T GRAPH AHYTHING LESS THEH S9 OB 2%
oo 674 I=1,H W
Sk TFCTIMEST » LY. voeads TIMEC LY =  aaang

CHEXEEE COMPUTE SCALIHG FACTOR $EEsftd

R4
[md]
(o]

TEST=aL0G 1o AMaGE
TIF=AIHTS TE=T »
FP=YEST-TIF

FRCT = 2.

IF (FF GE. 253 FACT
IF ¢FF GE. &2 FACT
IF (FF.GE. .94 FACT
SCALET=C 19, i#TIF-*FHIT
ISCLY=IHTS SCALEY »

IF CLG.EG.Z5 GO TO 77

i
N n
{ |.’:(~
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H



wl

CEERREEY TIC MARES

T
ay
wn

CEXERESY LaBELS FOR Y

S FOE % A5IS GREAFPHS

ITICY = 122
iy €35 I=1.1a
CAatl BEAMFY KB 141 TTYIO >

CALL UECTDR(‘KB',lzﬁ,ITICY}
ITICY = ITICY
Crt L BEAMFC ‘KB . 141,721
ChLL VECTORY

IF LG.ER 2

IF LG HE !

~

+ =
EB' . 125,721

Aasls TIC MAaRES

1 AHD 2 F¥¥FEXE

- FOFE GEAFHS 1 AHD 2 ¥REFE

s CALL ALFHES 'EB el 122, 2,0 .

—

FHIUDE S.esa, ACH

: IHLL HLFHH“‘PP
EHIUDE-- Thgt, an

lHLL ALFHGS 'EB" .
Call aLFHaeS ‘KB,
EHIHDE-*.7IM HCMTE

HLL HLFHH"PB'

VoaEIE GRAFH 2 K

CAall BEARFC'EB' , 141 ITICY S
CALL VECTOREC 'EB' . 125 ITICY &

=90 FORMAT <14, ¢
“: ' L'.: HF i.-'
IF (LG .EQ 20
Taa FDFHHTfla.'
IF LG B 25
[F CLG ED. 12
IF _Lu Eir. 1>
71a FORMATY * =" . 14,
IF (LG.EU.IJ
LOTO 740
C¥£¥4% TIC MARES FOR
7en ITICY=122
OO ?2Za I=1,=
730 ITICT=ITICY+7S

CALlL. BEAMPC'KB' . 141,72
CaALL UECTORC 'KEB*, 125.7

1
=3

Ay TSCLY

S8, T S HCRIRE
M > TZOLY

1. 724,
EE.421
[Hx I3

ZEL 122 A ACMIM

¥YEEx



ST -

CEXRE LABELS FOR ¥ @415 TIC MARKS GRAFH 2 $1fs

CALL AaLFHARD EB! . 4a, 728, 4. ' 129 ' )
CALL ALFHSC'KE® LS55, 122,32, 'S0 '

C¥¥Xf COFPFUTE ¥ al0 v a¥Els SCALIHG FAcToR FOR GRAFHS ¥EXE

4 IF (LG ED. 1) 200ALEY = |
IF ColG EG L MO S ISIZEC THDESZ 7 LY . S12 00 2CalEs
IF CoLG ER. L2 AHD . C ISIZES THOEYZS » ER . S12 vy SCALEY
IF JLG ME . L2 AMEXAF SR THOEXS 32
IF LG HE. U SCHLER 1764 . 7 THEE
HF = IHTC2SZ/S00LE:S »

i i

IF CLG.ED. 1y YOFSET = 921

IF <LG EX 1Y SCALEY = Z29% ~SCALEY
IF LG GY . 1> YOFSEY = 127

IF YLG ED. 20 SCOHLEY = S99 SCALEY
[F (LG ED 20 SCALEY = Sad 8y,

CEEE TIC MARKS FOR ¥ GX1S ERERsirees

TFOLG . ED 1 AMAZAF=HP < BOUK TSI ZE IHOESZ o >
TEST=ALOG 1) AMKAEAF

TIF=AIHT.TEST >

FF=TEST-TIF

IF CFP LT . a3 TIP=TIF-1

IF <TIP.LT 4% FF=FP+1

FACT=1 .

IF CFP.GT .08 .Zaluz s FACT = 2
IF CFP .GV 0. €3257 33 FACT = 5,

o

=y



URLEEY = FACT ¥ <10 FECTIF 20

DELMRE=UGLKEY -1 v .

HIMAEK Z=1+ INT < AMasar - DELMRK >

DO 7St H=1. HIGRES

HFL=H~-1

IEMEE = 141+ THTCHPLEDELMREX S22 AMRCAaF

Chrll BEAMF KB  TEFRE 1228

CALlL VECTORS ‘KB  [XEMREE, 110G

IF CH.OED. 1 CALL ALFHAY 'EB' L LEMRK. 7S, 2.'9 . ' 0

TF ¢H.OHE. 112 GO T 79d

Chall BEAMPC ‘KB . IEMRE . 1220

CHLL LDECTORY *EB' , T=MEE.. 1aa )

IF (LG ES. L BEHCODE 7. Jdz. AacTHAR » LALEEY
V42 FHFHHT'F”.SA

IF LG EO. 1 CALL ALFHAY *EB' . I =5MRE=-49, 7S, 7 ACTHAR

LF LG HE . L2 EMCO0EC S, T4, QUi USLEEY
44 FHRHHT'Fc.EF o

[F ¢tG HE L a
TS5 rfanftﬂJE

-t

CAll ALFHAL "EB' . TRMEE -42 75, L QlMaE

C¥¥E FLOT FOIHTS FOR ALL 2 GEAFPHZ F3ffeE

[ = IHT CYVOFSET + TIMES 1 3¥ZSCALEY »
I7 = 141.

CAall BEARMFS 'EB' .17, I

L 2eiy I=2,HF

I¥= THTY 141 . + < I1-1 5¢=CHLER

Iv= [HTCYOFSET+TIMES I 2¥5CAaLEY »

e CALL WECTOR. '"EB* L 15 175

CX¥e4d DOHE WITH FLOTTIHG HOW WALT FOR COMMAHO TG COMTIHUE fREX

ACCEPT 770
770 FOREMAGTC 1AL



CREXX IF DOHE WITH TIME HISTORY THEH GO AHO CRLCULATE DATA FOR
C¥d FPONER SFECTELR GREAFH REkE

Ve oSG ED Ly GO TO 4599

CREE JF DONE NITH FPOWER =SFECTELM GEAFH THEH GO fAHO CALCULATE
CEYY OATA FOR SOUHD FRESSURE LEUVEL GRAFH F¥EEE

IF LG Eor 20 GOt T e

C¥t IF DOHE MITH S0UHD PRESSURE LEVEL GRAFH CLEAE
CE¥Y SCEEEH AHD STAET OUEER tx

CalL ERASED 'KE® ,
GO TO 2232 o

CEEYE YRR E YRR O EY ER
|$ FEOGEAM EHD= ¥
CHFEFFEYER PRV EREEY LR

R STOF
EHD
CEFXERESE
C
g ECHD =SUBROUTIHE, TO ECHO CHARACTERS OH SCEEEH

!_f

UBPOUTIHE ElHﬁ 'IIHL'l

PETUPH
EHE '
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APPENDIX D
EXAMPLES OF TYPICAL RUNNING SEQUENCES
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EHTER TEST HUMBEER HHN 1
EHTER EUH HUMEER HHH L
EHTER FOYHT HUMEER HHH 1

HHAT TVPE OF CAlIBEATION ¥ 0 of HOCHO <Cfx s H
EHTER HUMBER OF MICEOFHOHE TO CALIBEATE 91

FHOT I= THE CALIBRATIOH FACToR FORE MICROFHOHE
1.

WEARLD 1 = 0 S73354
EHTER HUMEER OF MICEOFHOME TO CALIERGTE as

MHAT IS THE CALIBREATION FACTOR FDQ'HICRDPHDHE
.

UCALY S5 = 9 573951

EHTER HUMEER OF MICECOFHOHE TO CALIERATE  av

PiHAT 15 THE CALIBEATION FACTOR FORE MICEOFHOHE
1.

DCEby Toao= o9 Ssanns

EHTER HUMBEF OF MICEOFHOME TO CALIBEATE v

p—

\'J

CREAL YHRUT 3

CREEAL THPUT 3

CREAL THREUT 3
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HUMEER OF ZaMFLES EHTEE
12w 1
ol P

1ez4 =

s L b 4

EHTEE SAMPLE CODE 2

BAHOHIOTH = 19

LTS = +o— 4 A

SAMFLE FEEQUENHCY = 5126 00

EMTER MICEOFHOHE HH a7

EHTER GAIH CREAL IHPUT 3 9.

LAIH 1% w0 YOORE H CHO CCRXD Y

OATA ACRITSTION STARETS WHEH <CR: IS5 EMTERED
EHTER HUMEER OF AUERAGEDS HHH @l



FHOHA DT 1 = \HIid 1 = HM3 1 = 1531
CO3% 0y NN
350 3 A
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= JHOHJDHIIN 1 = [HId 1 = MY 1 = 1531
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S = FHOHAGHDTLY 1 = IHIDS 1 = HM 1
CZHDY AOHAENN34A
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g-0

HUMBER OF SANMFLES EHTER

125 1

[E%)

ey

fa

1Lz A

e b 9

EHTER =aMFLE CODE &

EAHOWTOTH = 163 v

LWLTS = +— 4 ai

f

SANFLE FREGUENTY =  S120 ¢

!
[hod
-t

EHTES MICROFHOHE HH a7
EHTER CAIH (FREAL LHFPUT » G|
AL 1= 0o YOO0R HOCHO

CRxy Y

DATA ACOUESTION STAETS HHEH <CRX

EMTER HUMEER OF GVERAGES HHH &

%]

IS EHTERED
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2= JHDHADHIIN T = iNI0d T = HNAY 1 = 1531
CZH Y AOHANNIAA .
ERAZ H
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| CWELH D A
oy =
| O3Ewnns

JAN=5344
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