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FOREWORD

Low frequency analyzers based on digital signal
processing — especially the Fast Fourier Transform
algorithm — are rapidly replacing older analog spectrum
analyzers for a variety of measurement tasks. However,
even the most enthusiastic FFT analyzer users recognize
that there are some measurements for which they are not
particularly suited. Log frequency sweep and 1/3 octave
analysis are examples.

Nevertheless, the combination of an FFT analyzer and
a “friendly” (i.e., easily programmed) small computer
can perform a greater variety of measurements than the
analyzer itself can do. For this to happen, it is essential to
have fast, efficient communication between the two. The

Hewlett-Packard Interface Bus (HP-IB*) serves this need well.

1/3 octave analysis is the measurement of a frequency
spectrum by the use of constant percentage bandwidth

filters 1/3 octave wide and spaced 1/3 octave. It has
long been popular for audio and acoustic applications,
largely because of the relationship between this filtering
technique and certain psychoacoustic properties of
human hearing.

This application note offers a means for making 1/3
octave measurements with a 3582A Spectrum Analyzer
controlled by a 9835A Desktop Computer. Enough infor-
mation is included (program listing, flowcharts, and
description) to enable the reader to use it directly or to
modify it as he requires.

*HP-IB is Hewlett-Packard's implementation of IEEE
Standard 488 and identical ANSI Standard MC1.1
“Digital interface for programmable instrumentation.”

THE HEWLETT-PACKARD MODEL 3582A SPECTRUM ANALYZER

The HP 3582A is a spectrum analyzer covering the fre-
quency range of DC to 25 kHz. Although it is a FFT-
based, digital instrument, a special design effort has made
it as straightforward to use as a conventional swept
analyzer. With dual measurement channels it is possible
to measure transfer function gain and phase, as well as
the coherence function. A built-in random or pseudo-

random noise source, whose spectrum tracks the analysis
range, is a useful measurement stimulus. Band Selectable
Analysis enables narrowband, high resolution analysis to
be applied to any portion of the frequency range. The in-
strument comes equipped with a flexible HP-IB interface
for control and two-way data transfers.
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Section 1:
Third octave analysis

In concept, “third octave” analysis is straightforward:
imagine a set of parallel-connected filters being used to
examine an audio signal. The center frequencies of the
filters are scaled by a factor of 1/3 octave; that is, each
filter is located at a frequency 2'? times its lower
neighbor. In addition the nominal bandwidth of each filter
is 2'/% -1 times its center frequency. To cover the audio
range of, say, 20 Hz to 20 kHz (9.97 octaves), with this
technique requires 30 filters. Because of the
multiplicative frequency spacing and bandwidth of the
filters, it is convenient to display their characteristics on a
log frequency plot, such as illustrated by Figure 1.

Historically, this kind of analyzer has been im-
plemented with an actual parallel bank of filters. The in-
stantaneous signal amplitude in each filter is detected and
converted to dB. The data is displayed on an oscilloscope
in the form of a bar graph: log amplitude (vertical) versus
log frequency (horizontal).

Although parallel analog filters are still being used in
some current instruments, there are at least two newer
alternative techniques: digital filtering and FFT synthesis.
Of these, the digital filter approach is preferable from the
point of view of performance. This is primarily because
the hardware can be optimized for the 1/3 octave task

and the display is “real time.” However, for the many
cases for which “real time” operation is not necessary —
meaning that the signal to be analyzed has a stationary
spectrum — the FFT technique is attractive, especially if
you already have an FFT analyzer! Advantages of the
FFT synthesis technique include easy modification of the
frequency range and the use of frequency weighting
functions if desired.

Figure 1.
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Section 2:
Implementing 1/3 octave analysis with an FFT analyzer

Why can’t an FFT analyzer, such as the 3582A, be
modified so that it produces a 1/3 octave analysis direct-
ly? Primarily because the FFT algorithm generates data
on a set of linearly spaced sample points in the frequency
domain. Its display has a linear frequency axis, not
logarithmic as required by the 1/3 octave data. Also, the
individual FFT filters, or “bins,” have all the same band-
width rather than bandwidths proportional to their center
frequencies.

The approach used in this application note is to syn-
thesize the frequency characteristics of 1/3 octave filters
by combining the signals from several FFT bins. This re-
quires weighting the contribution from each bin so that
the composite “filter” is a good approximation to the
specified shape of the 1/3 octave filter in question. Figure
2 indicates how this is done.

At lower frequencies the approximation is not as good
because only a few FFT bins can be used. In fact, in the
3582A the bin spacing is 100 Hz when using the 0-25
kHz span. If only this span were used, the lowest fre-
quency third octave filter that could be synthesized would
be about 500 Hz. This is certainly not satisfactory for
audio analysis. Therefore, to adequately cover the audio
range, three spans are used: 0-250 Hz, 0-5 kHz, and

0-25 kHz. The result is 32 third octave filters, with center
frequencies ranging from 15.85 Hz to 19.95 KHz (Fig. 3).

Figure 2.

Synthesizing a composite 1/3 octave filter by
combining the weighted responses of several
FFT filters, or “bins”
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Section 3:
Introduction to this program

The equipment needed to use this program for 1/3 oc-
tave analysis is a 3582A Spectrum Analyzer (standard
equipment includes HP-1B), a 9835A Desktop Computer
with a 98332A 1/0O ROM installed, and a 98034A HP-IB
Interface. The program is written in BASIC; it will run on
another language-compatible calculator with the ap-
propriate 1/O, such as the 9845A. Memory requirements
are approximately 15000 bytes for program and variable
storage. Using the program listing and the flow diagrams,
one can rewrite the program in another language. See
the Appendix for the 9825A Calculator version.

Operating the program is simple. Pressing RUN causes
the necessary initialization and then the user is asked,
“Do you want RMS averaging?” The reason for this is
that many spectra are random in nature, and a better
estimate of the spectrum — and thus a better 1/3 octave
analysis — is obtained when the 3582A is allowed to
average the data. (Application Note 245-1, “Signal
Averaging with the 3582A Spectrum Analyzer,” deals
with averaging in detail.) After the user answers the ques-
tion, the program proceeds to:

a) set the 3582A to each frequency range in turn
b) bring the amplitude data for each range from the
3582A display into the controller for processing
c) convert the data, apply weights, and combine to
form 32 synthesized results as if from 1/3 octave
filters
d) format and output these results in the form of a
bar-graph display on the 3582A
e) return to the beginning for another analysis, if
desired
Step (c) requires some explanation. How exactly should
the data from several FFT bins be combined to approx-
imate the result expected from a 1/3 octave filter? It
should be done on the basis of power rather than linear
addition. This is because the signals in adjacent FFT bins
are uncorrelated when the input is a random time signal.
And when a coherent signal is analyzed, such as a
sinusoid, the sum of signal power remains constant as the
signal frequency varies. This means there is no ripple in
the synthesized passband.

In the program, line 3090 converts the FFT bin signals
to power (that is, volts squared) from dBV, and line 3180
converts the sum of weighted powers back to dBV.

Figure 3.

Center frequencies of 1/3 octave
filters synthesized by this program
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Section 4:
Comparison with ANSI class III 1/3 octave filters

The American National Standards Institute publishes a
document® recognized as setting proper standards for
these filters. The filters synthesized by this program con-
form closely to the specifications for “Third-Octave Band
Filters — Class IIl,” as defined in this paper. Here are the
principal characteristics of the filters:

a) Center frequencies: Strictly speaking, the ANSI
document defines these in “tenth decade”
intervals, but the difference from third octave is
negligible. The greatest deviation from the
specified value occurs in filter #20, whose
geometric mean frequency is 0.7% below the
specified value of 1259 Hz. (£3% is allowable).

b) Transmission loss limits: All filters meet these
criteria, although the rolloff rates differ due to the
varying number of FFT bins used in the synthesis
of individual filters. Filter #13, which uses only 4
bins, reaches -72 dB loss at 1/5 its center
frequency, rather than the specified -75 dB. The
other extreme is filter #12, which uses 49 bins.
The attenuation characteristics of these two filters
are shown in Figures 4 and 5, with the specifica-
tion limits superimposed.

c)

d)

e)

f)

Effective bandwidth (noise bandwidth): This
specification requires that the power output from
a filter, when the input is white noise, be within
10% of the noise passed by an ideal rectangular
1/3 octave filter. Filter #10 has the greatest
deviation, with a noise bandwidth 2.9% higher
than standard.

Passband uniformity (passband ripple): The syn-
thesized filters have no perceptable ripple within
the defined band-edge frequencies, and so the
ripple specification (0.5 dB) does not apply.
Variation of minimum loss among filters: Theo-
retically, all filters in this program have zero
mid-band loss. Some variation will be encoun-
tered due to individual 3582A amplitude
accuracy characteristics, specifically gain
variations between different frequency spans.
These will be well within the allowed +1 dB.
Transient response: The program cannot meet
this specification, since it is necessary that the
signal being analyzed be statistically stationary
during the acquisition of data.

Figure 4.
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Section 5:
Suggested extensions to the program

Because of the modular structure of the program, it is
simple to modify by adding or deleting sections.

“Modular” means that the action portions of the pro-
gram are written as subroutines called up as needed by a
control sequence located in lines 50 to 150.

Here are some possible modifications:

PRINTED OUTPUT. Some users may want a perma-
nent record of the analysis results. The structure of this
program makes this an easy job. Simply write an output
routine to the desired printer (internal or HP-IB external),
listing the contents of “Thirdmag” (dBV) together with
the 1/3 octave filter number or center frequency.
The center frequency is readily calculated as
1O tiker number +11/100 17 - Append this routine to the pro-
gram and call it by a statement like

145 GOSUB Printer

This method also could be used to save the data on a
mass storage device, like the tape cassette.

DISPLAY ANNOTATION. It may be desirable to
identify individual filters more readily on the 3582A
display. Since there are 32 third octave filters and also
room for 32 characters on each of the four display lines,
you can fill the lower two lines with digits so that they give
the filter number when read vertically:

0000. . . .2333

1234. . . 9012
This change would be made in lines 2540 and 2550 of
the program.

FREQUENCY WEIGHTING. Some measurements
require the application of special shaping to measured
spectra. An example is “A"” weighting sometimes used in
acoustics measurements. It is simple to do this with the
present program. What is required is a table of dB loss
values for the center frequency of each of the 1/3 octave
filters in the program. Then a routine should be written to
modify the dBV numbers in “Thirdmag” by these values.
The routine should be called up before the display routine
by adding, for example, the line

125 GOSUB Spectrum.weight

Figure 5.
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Main Flow Diagram - 1/3 octave program
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Detailed Flow Diagram

Pass subroutines — 1/3 octave program

Pass.1 begins at 1600 ENTER
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Detailed Flow Diagram

Third.octave subroutine — 1/3 octave program
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bottom of display, set it to that level

“Third__octave”

call
“Third__octave”
subroutine

RETURN
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Section 7:
Program listing

o=

REM 13 DCTAWE AMALYSIS PREOGEAM FOR THE H-F 2
FEM AMALYZER AMD THE 9&86& SERIES 35 CHLCULATO
= FEM H-F LOVELAHD THSTEUMEWT DIMISIOHN.

16 OFTIOH BRZE 1

28 IMTEGER Firsthinzi32)sLasthins(32):Grarhics(258 sAnalyzersFirst_thirdsLast_
thirdsAs Is 15k

b 5| SHORT Binweiaht (22490 Thirdmaal32)sFftmoa (2560 s Tenp

T2ZA SFECTEUM
Fl

48 Analyzer=7il IREM LINES S0 TO 158 COMFEISE THE MAIN
56 GOSUE Bin_aroups IREHM CONTROL PROGEAM MHICH CALLS
215 GOSUER Fft_weishts IREM SUEROUTINES IW THE PROPER SERLUEMCE
7B Stoartd IMFUT "D0O %0l WAMT EMS AVERAGIHG?":Averasins$

= O (Auverasingd="YES"»+1 GOSUE Ho_awesSet_ove

1] GOSUE Setup

1aa GOSUE Fass_1

11@ GOSUB Poss_2

128 GOSUUE Fass_3

138 GOSUE FPlot_response

14a GOSUE Annotation

154 GOTO Start

168 Ho_nuesd OUTFUT Analyzers "HLTAYL"

17 FETIREH

1868 Set_aved IMFUT "HOW MANY AYERAGES?" s H

196 Aued="ERRORE"

2aa IF A=4 THEH Avesf="HU1SHA"

218 IF A=8 THEHN Avef="HLUZSHE"

228 IF A=16 THEH Ave#="HUISHRA"

238 IF A=32 THEH RAve$="HU45HA"

248 IF A=64 THEH Awef="HUIZH1"

256 IF A=128 THEN Awef="HNUZSH1"

Ze@ IF A=2596 THEH HAuef="HUZSH1"

278 IF Rues$<>"ERRDE" THEN GOTO 326

288 EEEF

2948 DISF “CHOSE A HUMEER FEOM THOSE OWM FRONT FHHEL OF Z53z2R"

geult} MAIT 4@64

=16 GOTD 1&4

220 OUTPUT Annlyzers "HLTAVZLSTA"sAved

2328 RETLRH

508 Bin_aroups: FEM LOADS THE ARRAYS Firsthins AMD Lasthins

S16 FEM WITH THE FIRST AND LAST HUMBERS OF THE SETS OF

528 REM FFT BINS USED TO COMFUTE EACH 1-3 OCTRAYE FILTER

538 MAT READ Firstbins

546 DATA 155 18:23:29:36:45:57: 7138931125 1425178512515:18523

558 TATA 2933645569 71389: 11251415 172545:57:71:8251125142,179
SEQ MAT READ Lastbins

574 DATH 19:242 308337346584 720310 1145 1435 123822265 159 19224538
SEa TATA 3748587291 1145145 1796 225,08 7299151145 143: 1735225
S9Q RETURH

1806 Fft _weiahtss REM LOADS THE ARRAY Binweisht WITH THE WEIGHTS
1816 FEM TO BE USED IM ADODING RESFONSES FEOM FFT BINS

1824 MAT Binweisht={,67)

1838 FOR I=1 TO 32

1644 FEAD Binweiaht(Is1)

1858 HEKT 1

1856 DATA 2535 .13.338.35.80.29.2v,280,19.29.33.89,159.858.15.2
16878 DATA .35.33 8120 .29, 100100890 20.19.23.20010.18,.35.2



FOE I=1 TO 32
FEAD Birnweiahtils22
HE®T 1
OATA EFs . 3. ds . Sr. S 30,5 4. ds.ds .4y . ds .67
DATH +9yedas 43.4!.4! 4!.5 ud’-5,n4516?5-45-3‘
FoR I=1 TO 22
READ Birnwesiahtilslostbinsili-Firsthins( 122

HE®T 1
DATH .67 d4s.3s .51 .5 .4y .52, 3s.35.4:.4r. 42,67
IATH .5!.4- Gaoda g ds .20 5. G5 .30 67 o Fn L3,

FORE I=1 TO 32

FEAD Binwsiaht lslosthins(I)-Firstbinscla+ld
MEST I

DATA 253 28 s o0t e 30wt vttt

DATA .3s. 332080 80 lsals By,

SCHLIHG.

1238 FETUREH

1560 Setups FEM IMITIALIZES THE COMTEOL SETTIHGE OF THE ZS582A.
1516 FEM CHAM "B SEMSITIVITY IS OBTRIWED FORE FROPER DISFLAY
1528 FEM THEEE COWETAMTES ARE CHLCULATED.
1530 OUTPUT Analyzeri "ARLABAAKASC2PRGRPERRZBCHAFS2FRIEFPIMDZIMITRERRG"
1546 OUTFUT Arnoly *wru LRS!

15548 EHTER Hrolszers: En 1t1H11

1566 Mimimum=18%T005en b

1576 Dizplav_scale=1

15868 ITnput _zcale=58-1

15965 FETLIFHM

1688 Pass=_14 REHM B TO 258 Hz

1618 OUTFUT Analvzeri "SPERUKEE"

1626 WMAIT @88

1636 IF Auveragina®d »"YES" THEM GOTO 1658

15468 OUTRUT Hnai\:hr- "LETE"

165E IF BITLREADEIHCAnalvzerdat=0 THEM GOTO 1548
15EH First _third=l1

167 Lozt _third=12

1eaE GOSUE Third oot ouwe

1E56 FETLEH

178A Foss_ 23 FEM B T 5 kEHz

1718 OQUTFUT Amalvzers "SF1ZREUNEE"

1728 WAIT 1884

173R IF Averaginasd »"YES" THEW GOTO 17e8

1746 OUTEUT Hﬂﬂlehlu ‘5T

1758 IF BITCREADEBIHCAmalvzerraGa=0 THEH GOTO 1748
17eR First third=13

1778 Last _third=25

1788 GOELUE Thirdoootaue

1758 FETLREH

18868 Fozs_3: FEM B TD 25 KHz

1818 OUTPUT Analyzers "SP14RUHRE"

1528 WAIT 1886

1558 IF Averasaipnakd »"YES" THEW GOTO 1268

12848 QOUTPUT Anolvzers "LETE"

1858 IF BITCYREADBIMCAnnlyzerrsfa=8 THEM GOTO 1&544@
1888 First . third=z&

1278 Lozt third=32

1228 GOSUE Third_octaowe

1298 FETURH



Z2BRA Flot _rezponzel EEM OUTFUTS
2a1a FOR I=1 TO 32

28246

el bl IF Temp21822 THEH Temp=1823
SRd IF Teme<# THEHM Temp=@

2856 FOR J=1 TO &

ZAEH Grorhics{8%[+1-8)=Tenp
28vae HEXT J

288a HEXT 1 _

2896 OUTPUT Analwzer USING "1:
21648 FETLRH

2580 Anmotat iond REM

2518 REM LERYING THE
2526 OUTPUT Analwvzer USIHNG "SA:DDDs ZZA"§ "WTAIL

=== 1&g desDIY

"WTA4 s 22 THIRD-OCTAYE SEGMEHNTS

GRAFPHIC RESULTS TO 2582R DISPLAY

Temp=lisplay_scole$(Thirdmnaa(33-12+88-Sensitivity)

FRAZSECY DY "HWTHs 74488, 256" s Graphics (*)

OUTFUTS 2 LINES OF ALPHA TO 3582H DISFLAY
ZHD LIHE BLAME

"sSensitivitys " dBY FULLSCALE

28 KHZ"

TRKES THE DISPLAY DATA OF THE 2582 IH

EINARY FOREM AND COWNVERTS THE MUMEERS TO WOLTES SGUAREDS
AFFLIES THE WEIGHTING FACTORS AWMD COMEINES THE DATA TO FORM
RESULTS AS IF FROM AHMSI CLASS III FILTEES.

FORMAT BIMARY DATA FROM DISPLAY

IREM MEIGHT AND ADD FFT RESFOMSES

2538 OUTRUT Analyzers "WTHZ

2548 QUTPUT Anolvzers "WTAZs 16 HZ

29958 OUTFPUT Anal¥zers

Zo6H EETUREH

2088 Third_octowe: REM

e b | FEM

2824 REM

2B38 FEM

2Ed4A OUTRUT Analyzers "HLTLFMs 744868, 256"

2856 ENTER Analwyzer USIHG "#:Y"iFftmaa(x)

2REA FOR I=1 TO 256 IREM

a8re Fftmoadlli=lnput _scalexBINANDCFf tmoadl2s 1A23)
SRSA IF Fftmaadlr=a THEHN GOTO 3186

SE9E Fftmoalli=1latiFftmaall+5ensitivity-108-32
aZ1aa NE®T 1

at1a FOR IsFirst_third TO Lost_third

2128 Temp=4

2138 FOR J=Firsthins(I? TO Lastbins(I)

214a k=J-Firsthins(Ii+1

21548 Tenp=Tenp+Binweliaht CIs K2 #Fftmaa (25710
=1e8 HEXT .

2178 IF Temp<Minimun THEHW GOTO 2264

a1e8 Thirdmoa(I)=18%LGT(Temp)

2198 GOTO 221/

SEBE ThirdmoalIi=Eensitivity-28

ae1m NEXT 1

a2z RETUREH

Section 8:
Summary

We hope this application note will provide some insight
into one possible technique for making 1/3 octave
measurements with the 3582A Spectrum Analyzer.
While the program is written in BASIC, there should be
enough flowcharts, program annotation, and comments
to allow the interested reader to implement the measure-
ment with a controller using another language.

The program has been developed, tested, and
evaluated by the Product Marketing Group of HP's
Loveland Instrument Division. It is based on a report
from the R&D Department.



Appendix
HP 9825A Calculator Program

For the users of the popular 9825A Calculator, the 1/3
octave program is given here in HPL, the language of
that machine.

The 9825A version is structurally the same as the
9835A program around which this application note is
written. All subroutines have the same labels; this will

help you use the flow diagrams of Section 6 to follow the
9825A version. However, most of the variables are dif-
ferent, because HPL allows only single characters for sim-
ple, array, and string variables. Listed below is a table
showing corresponding variables in both programs.

EQUIVALENT VARIABLES

9835A Program 9825A Program Comments

Firstbins(32) F[32]

Lastbins(32) L[32]

Graphics(256) M[256] shared by “Plot__response” and

Fftmag(256) M[256] “Third__octave” routines.

Thirdmag(32) T[32] also used as a temporary in
“Fft__weights” routine.

Binweight(32,49) B$(3136] weight values times 100,
stored in integer format.

Sensitivity S

Minimum C

Display__scale D

Input__scale E

First__third M

Last__third [

Temp P

| |

d dJ

K K

A A

Averaging$ A$[3]

Aved D$(6]

C$[2] used as temporary in

10

“Fft__weights” and
“Third__octave”.
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9825A Program Listing

“1f3 cetave analvsiz prosram for the H-P 35B2A seectrum":
“aralvzer ond the 9825A calculator”:
dim F['°]sL[32]sB$[3135]sT[BE]:N{ESE]»H$[335D$[613C$[EJ
dew "Analyzer"s 711
geb "Bin.sroups”
ash "Fft_weights"

"“Start"fent "do owou wopt EMS averaaips?” s HE

if A#="wes"igzh "Set _owe"

if Af#"vez"iazkh "Hooouws"
azk "Setup”

azh "Poss_1"

gsh "Pasz_2"

azkb “Pui_HB“

azh "Flot_responze”

aszh "Annotation”

At "Etart”

"Hn_aue“ﬁmrt “Huaolwzers "HLTRY1" 3 ret
"Set_oauetent "how moey n“hrnnn’q"nﬁ
"ERROE" 2L

if FA=45 "HUISHE" +DE

if A=88"HU2SHE" +Tf

if A=16i"HUISHE"+D$

if A=32i "HU4SHE" +DF

1¥ A=64i "HULISHL"=D¥

if A=1283 "HUZSHL "+IE

if A=2RE: "HUISH]1"+D#$

if D&#‘EPPDE fato +3

heeptdep "chose o number from front panel”

Wit AEEES gtn ‘in gue

Wwrt "Anolwzer"s "HLTRAVZLETE" » [F

rht

YEipoaroups "t 1S54FL1 13 1E4F[ 215 284+FL 315 293FL 4 15 36+FL 5 1545+FL 813 87 +FL 7 ]
T1AFLE MR FL a1 112FL 1A I8 1424FL 11 08 1PE+FL 12 18 12+FL 1215 15+FL 14 15 18-FL 151
PRl IE 1 292FL 1P I 2E4F[ 128 1545+FL 1218 Se+FL 2818 P1+FL 21 18892 FL 2215 1 12+FL 23]
141+FL 2 1V I7E+FL A8 11454 F [ 26 18 S7+FL 27 13 F1+FL 22 1389 +FL 29 )8 112+FL 281
1424FL 31 15 17PHFL 22131901 0824 Ll 215 2@l 02383704 184+l 05 1558206 ]

e IO M =00 0 A = S St B W IR = F22eALL 1205 15L0 12151920 14]
S LIS E0+L0 1815 374L017 184E4LI 1235801905720 281591+l 21 1511420 22]
143 +L[:3331’“+L[°4]:c25*L[d ]'*u*L[EE IFFE22LL 27 1591+l 2818 1 14=LL 29 ]

1da+Ll3a I 17a+L0 31 )i 2258+ 3

Fet

"Fft_weiahts"ifti CEFI0E

far I=1 to 1SE83CE2BEL21-1+21 Janext I

CRERTIL s 1T 2133 TI 2 I TL41+TIS 18 s 22TLE1XTL P I2TLE]

AT . 2TO1E1Y , 232TL11 15 .24T0 1205, 15T 13 15 . 2527014 1]
14701518 . 23TC1E18 . 34TLAP 1»TL 18D L 2+TL1912TL 28 1»TL 21 ]
.1¢TEHHJ¢T[53]~.34T[24]¢T[25]i.1+T[26]i.E+T[E?]+T[EB]
JI1#TL2914TL23B 18 . 232TL 31 15 . 22TL 22 ]

for I=1 to 323f+i C1EATLI1+EF[98CT~10+1s38CI~10+2 i next

CETHTLL S . 44TL21+TL 218 . 547041

»5+TE51§.4*TE6]5.5+TE?]5.4*T[BJ%T[9]+T[1&3+T[11]+T[1h]

.4*T£15]*T[16]i.S%T[1F]+T[18]i.4%TE19]+TE?E]+T[ 1)TL2

.3+T[23]5.51T[*#J*T[qq]s.4+TfaF]*T[ B15,.3+TL2207 .4+TL 3

GGATEEL I3TI22 18 JEFPHTL 13 12TO 14 12TL 27 ]

el
&1

for I=1 to 32~+f1 CLABTE I 10 +E4L 98¢ I~10+3298CTI~10+4 Jinext [
L AHTL214TL32Y . 5+TL41+TLE 05, 4*T[6]s.5¢T[l3s G+TL21+TI91»TL181»TL1131+TL 121
LASTIIS1+TOIE 1 L S4TOLIF1STO18 18 a4+TL191+TL2A1+TL21 1T 2205 . 3+TL 23]

LEATL R4 1TL25 18 42T 2 1T 28 1T 2@ ]
VBATL29 8. 54TEE1L IRTLE2 10w 67+TL 1 12TL 12 12TL 14 1+TL 27 ]
for I=1 to 323LLI1I1-FLII1+kE

#77E
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R

0 Pl = (50 o0 OO =] T 0 R D0 3=

B e e el el e e = e e
A0 P T PO e b e e s

+2K T neut 1

—il—t

.2+T[25]+T[21]*T[E4]&T[25]*TEdTlﬂT[JE]+T[3L]
LAATLA1+TLS 1T 1+TCIF I+TL 1281+ TL 31 15 . 5+TL 151
WI1#TLRI#TL221+TLE23 1+TL 261+ T 22 1+TL 26 ]

for Isl to 3ELLTI-FL I 1#1+K

fri ({BBTLI1+B$LIBCI-10+48K-1+98CI-13+2kK Iinext |

Fet
"Setup H
et "Analyzera HHlHEGHHDEF;FHHFEHF BFHHF~_Fr1FF1HU IMITRARERE"

wrt "Arnalwzer"s "LAS"ired "Anolwvzer”
R ] RS RS R

16228020321 A23+E

et

"“Poss_1"turt "Hnolyzer"s "SFEREUHEE"
walt ZEEE

if H$# \th'!ATU +3

Wt "Analyzer" s "LSTE"

if bitiEsrdkd Hnal,&hr"}ﬁ=55?t@ 2534
1#Mi12+Ligzh "Third.octowe”

9}

et

"Poss 2"twrt "Analwrer"s "SP1EZRUNEE"
woit 1668

if H$# EE';?tD 7

Wrt Hn:l veerts "LETE

it bltkt!Fﬁb"Hhﬂletr"‘:H;?tﬁ |
144Ms 25+ ash "Third_octawe”

re?

"Pass_2"rurt "Analyzer™s "EP14ELHEE"
wa it 1EEE

if A" wes"iato +3

W "HHQIYEEF"!”LSTB"

if bitcesrdbd" Hnnl " ey 10 G-qfn =
FEAMY 3Ralyask "Thirdoootowe’

et

"Plat _response"tfor I=1 to 32

DETE 33=1 1+8@~50+F

if Pr1G233i 10254P

if PLBIE2P

for J=1 to SiP=+ “[ I+d=B]inext Jinext 1

Wit "Analyzers "WTHs P44@E, 256"

for I=1 to EﬁEsHTb Palashf eML I JeE0swth FELaMLI Jinext 1
ret

"Annotation" i fet LlacSaf 3B 02S

wrt "Anal¥zer. s "WTALs " sEs” dBY FULLSCALE —--- 18 oB<DIY
Wt "thlrzhr‘a "WTHE -
Wt Hnml,:er "WTHZs 16 Hz 28 kKHz"
wrt "Analwzers "WTHS s F2 THIRD-OCTHANYE SELGMENTS -
ret

“Third.octaove"turt "Analyvzer’
for I=1 to Eﬁﬁsior h+urdtn?
for I=1 to 256%EbandiMLI s 18
if MLIl=@siato +&

18t ML T 1+S-1@=-822ML 1]

et 1

for I=M to Li@=+Fifor J=FLI]1 to LLTI

J=FL I 1+1+EiBS[ 98I ~10+2k~1. 980 -1 0+ 2K 1+ 0%
P+, B1itf¢CEIML2E7~d 2P inext J

if P{Ciatao +2

18loadPa2TLI liato +2

S-S@4TL )

mext 1

ret

IH

210y -BaardbiT31009MLI Jsnext 1
230+ML T ]
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o
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s "HLTLFHMs 744686 256" red "Analyzer”
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