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1.0 INTRODUCTION

Many studies, such as that by Chun, et.al. (Ref. 1), have beer made tz
analyze jet engine noise. In general, these studies are conducted in a static
mode, and predictions are made to reflect an actual flight situation. The re-
sult is usually expressed as a value of EPNdB (Effective Perceived Noise in
decibels), where much of the detailed information is "lost" due to the re-
quirements for computing EPNdB,

In the analysis package which follows, the intention is to convert flight
data to equivalent static data using current prediction methods. Tones are |
clearly distinguishable from hroadband noise since narrow-band analysis is em-
ployed. Eventually, such narrow-band analysis of flight data jis expected to
result in criteria for ground tests, which are easier and less costly to per-
form than fiight tests.

The package presented is one which encompasses several problems associa-
ted with acoustical analysis of a moving source with respect to a stationary
observer, The nonstationarity of the data causes difficulty in applying con-
ventional time series analysis. Propagation effects infiuence all recorded
data and must be accounted for. Also, the short integraticn time for each re-
cording microphone requires some type of signal enhancement to increase
accuracy of the data levels.

2.0 EXPERIMENTAL DESIGN

The development of this data reduction package was initiated to study jet
engine flight noise where fan tones were radiating from the engine inlet (see
Fig. 1). The aircraft's flight track was such that the noise source was flown
directly over an array of microphones at constant altitude and velocity.
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The aircraft's position, in general, can vary from the intended flight path.
Those variations were recorded by the use of a laser radar. The coordinates
of the source (X', Y', 7') as shown in Figure 2, are defined by the displace-
ments from an axis system (X, Y, and Z) whose origin is the first microphone
in the array. These coordinates were obtained from a spherical to Cartesian
transformation of the radar data followed by a translation of the origin to
tne first microphone.

Weather information was obtained with a specially implementer balloon
stationed near the microphone array. Temperature, barometric pressure, rela-
tive humidity and wind speed were recorded at various altitudes from ground
Tevel to the altitude of the aircraft. A1l but wind speed are used in the
propagation corrections.

3.0 STATIONARITY VERSUS NONSTATIONARITY

Many studies have been completed on the farfield noise levels of a sta-
tionary jet engine (i.e., via static testing) and the methodology for inter-
preting the noise characteristics are well understood. When the noise source
is moving, however, the farfield noise is not as predictable as in the static
mode since the forward speed effects (the motion effects) on the noise are not
well understood (Ref. 1). In analyzing aircraft flyover data, it is desirable
to obtain accurate spectra at various aircraft positions to determine noise
levels generated by the source and to offer some understanding as to the for-
ward speed effects.

A main area of concern in ti2 analysis of flyover data is its nonstation-
arity. Data whose statistical properties vary with the passage of time (Ref.
2) are known as nonstationary. Frequency analysis, or time series analysis,
was developed to handle random, stationary data. Hence, some difficulty is
encountered in determining the frequency content of nonstationary data utiliz-
ing conventional data reduction techniques.
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3.1 Implication of the Doppler Effect

The Doppler effect is of major concern as the apparent frequency changes
throughout the movement of the source past the cbserver. For any microphone,
the recorded frequency is equal to the actual generated frequency only when
the aircraft is positioned directly over the microphone (0=90°), Thus, a
methoa of analysis must be employed which assumes that a flyover noise data
set meets the criteria for use of conventional time series analysis whose
algorithms are generally based upon use of the Fast Fourier Transfonn (FFT).

The problem of nonstationarity in flyover analysis has been studied by
such people as E.P, McDaid and L. Maestrello (Ref. 3) who found that if the
directionality of the source is not taksn into consideration, the effect of
nonstationarity is negligible for most practical cases. In general, if the
ajrcraft is considered to move discretely along its path from point to point,
one my accept a small increment of timg during which the data is relatively
or locally stationary. According to J, S, Bendat and A. G. Piersol (Ref. 2)
this assumption is acceptable providing the statistical properties within this
increment do not change and hence time series analysis may be employed.
Specifically, as has been shown with vibration data, e.g., vibration of a
spacecraft during launch (Ref. 2), data may be considered locally stationary
over those small increments if the data has normal and Chi-squared
distributions.

3.2 Ensemble Averaging

Choosing a small increment of time over which to apply time series analy-
sis inhibits the ability to ensemble average to obtain frequency content in-
formation. Yet, for most algorithms, it is desirable to average to obtain
reasonable statistical accuracy. With a linear array of microphones placed
along the flight path, each, theoretically, will record identical spectra at

(&3]
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different recording times, barrint any transient occurrences with the source
praoduction or any atmospheric disturbances., Referring % Piaurs 3, that time
snhapration Aﬁi 1g

vhars di is the distanca hetwren cach microphana and thn pafarence micro-
phone, and VT is tha wel:gity dirantly aboun $ha miceophons arpay. Spectra at
corrasponding angles, 9, mav ha averaand 4n Tead *n o rosulting ensemble
averaged spectra, Thus, the fotal numhar of avapaans | far *he resultant
power spectra is the number M of FFT's avaracnd in the timn cerips analysis
times the number N of microphonas avaraand, or oMM, Tha final power
spactral density PSDR may ha pxnrassad as

N
b osn,

PSD, =
R4k

vhere PSDi is the powor spectra Tor microphona 1 calculated over M
ansomhie averages.

363 Determination of the NMumher nf Averaqes

As was previously stated, one would Vike %o acaquire some specified level
nf accuracy for erach spechral estimate, In aannral, the pasulting power
spechral density accuracy increases as thn numhar of doarens of freedom ND
increases, For PSD calcuation via the direch method (Ref, 4),

ND = 2L
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There are many ways to numerically define the error associated with power
spectral density estimates generated hy conventional time series analysis
algorithms. (A11 those described helow apply o PSD's calculated by the
direct method (Ref. 4), not the Blackman-Tukey method.) The first expression
for the error ¢ of estimation 1s

A ——
EEVT Y v W

This states that the error = decreases as ND increases. Once ND reaches
100, or the number of ensemble averages fs 50, little accuracy is gained.

A second method results in defining confidence intervals based upon a
Chi-squared distribution (Ref. 4), A percentage of confidence, or the percent
probability that the measured mean square pressure spectrum accurately
represents the true mean square pressuie spectrum, may be chosen. Depending
on the number of ensemble averages, a confidence interval at that probability
is calcilated. For example, at a 90% confidence level and 5 ensemble averages
(10 degrees of freedom), the confidence interval is from -4.1 dB to 2.9 dB,

To achieve accuracy within 1 dB at 90% confidence, 40 averages would be
needed (actual confidence interval s -1.2 @B to 1.0 dB).

Sti11 another method was studied hy K. Rao and J. Preisser (Ref. 6). The
estimated and asymptotic variances were compared to determine the number of
averages necessary to produce an adequate spectra. To achieve a reasonable

normalized random error ep in percent,



where W 1s the weighting factor for the data window applied to the time do-
main data when calculating the Discreate Fouri o Transform, Ep is a measure
of the convergence of mean spectra. If € is 10, which corresponds to a 90%
confidence, and the Hann data window s applied (W = 3/8),

L & (10%) + 3/8 = 40 averaqes

From the error measurements presented ahove, a total of 40 averages
appears to be sufficient to result in a satisfactory spectral representation
for most flyover noise data. One must remember, howecver, that the data must
be relatively stationary over the time interval corresponding to M averages
or blocks. A block is the time seament over which the Fourier Transform fis
applied, Hence, a case where § Fourier Transforms (M=5) per microphone and 8
microphanes (N=8) are averaged could be utilized if the stated criteria are
met.

4.0 PROPAGATION EFFECTS AND BACKGROUND

To obtain an accurate spectral representation of noise data, it is impor=
tant to account for all physical phenomenon present, In this section, a brief
overview of the propagation effects and backaqround is aqiven. The methods em-
ployed in the flyover analysis packaae are discussed and the equations for
their calculation are given.

4,1 The Doppler Effect

The Noppler effect, or the apnarent. change in frequency due to the rela-
tive motion of the source to the observer, is perhaps the most well known of
the propagation effects. In the case of narrow-band flyover analysis, it can-
not. be ignored.
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As the aircraft passes over a microphone at some average velocity V, the
observed frequency fo is related to the actual source frequency fs by

fg = f, (1 = M_coso)

where Mc is the Mach number (Mc = V/c where ¢ is the speed of sound in

the medium through which the wave travels) and 6 1is the angle previously
defined.

4,2 Convective Amplification

It has been well established that an acoustic signal is amplified due to
the motion of the source. Various mathematical expressions for 1 effect
exist depending on the type of source in motion.

A simple model which has been used up until very recently incorporatés a
small pulsating sphere represented by a convective monopole. A. Dowling
(Ref. 7) states that this model is not accurate as motion introduces addi-
tional coupled monopnies whose effects lead to convective features previously
not predicted. Convective amplification does depend upon the geometry of the
source as well.

At this point, no representation which encompasses all that is discussed
by Dowling exists. A frequently used expression relating the source pressure

PS to the observed pressure Po is

p
p = 3
(1 - Mccose

)21’]’*‘2
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where n indicates the type of noise source.
0 Monopole
ne=1 Dipole
2 Quadrapole
The expression (1 - Mccoso) is the same as was defined in the Doppler effect.
The difference in sound pressure level hetween static and flight cases ASPL;,

is

ASPLj = 20(2n+2) log;q (1 - b%cose)

4,3 Inverse Square Law

The inverse square law describes the effect of the intensity of a signal
falling off as 1/r2 where r is the radial distance from the source to the

observer. In other words, if r; and rs correspond to two points on a ray
emanating from a source, the respective acoustic pressures are related by

Po2 = Py” (%%)2

The difference in sound pressure level ASPL, may then be expressed as

ASPL, = -20(10910 Ogﬁ))

n
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4,4 Atmospheric Absorption

Sound abscrption in still air leads to an attenuation of the wave as it
passes through the atmospheric medium. Atmospheric absorption has been
studied quite extensively. For example, C. M. Harris (Ref. 8) defined the co-
efficient of absorption a under controlled conditions for various values of
relative humidity, temperature, and frequency; M. Greenspan (Ref., 9) studied
the rotational relaxation of nitrogen, oxygen, and air; K. S. Chun, et.al.
(Ref. 1) offer a simplified calculation of a. All are attempts to quantize
the total atmospneric absorption into thermal and viscous effects (called
classical absorption) and rotational and yibrational relaxation effects. Vi-
brational relaxation is primarily due to both nitrogen and oxygen relaxation.

The absorption coefficient is a composite of classical absorption gy 0
rotational relaxation @t ? and vibrational relaxation of nitrogen and
oxygen, %ib N and %ib,0 respectively, or

@ =ant datt Sin Nt %ib,0

F. D. Shields and H. F. Bass (Ref. 10) have combined these coefficients to
provide a thorough method of calculating the absorption coefficient in terms
of dB/meter which can easily be applied to sound pressure level data. The
following is an outline of their development.

Given the barometric pressure P, temperature T, and relative humidity
RH, at any frequency f, the following procedure may be empivyed. -

12
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1) Calculate the partial pressure of saturated water vapor in N/m? by
10g10(Psat/Po) = 10.79586 [1 - (T01/T)]

-5.02808 109;0(T/Tgy) + 1.50474 x 10-%(1-10-8-29692L(T/Tg1)-1])

+0.42873 x 10-3(10% 7695501-(To1/T) )}y 5 2195083

where Po = reference pressure of 1.013 x 105 N m?

T01 = 273.16°K
2) Calculate the absolute humidity H in %

Ho= RH (P, /P (P/P,)

3) Calculate the relaxation frequency of oxygen and nitrogen, fr 0
and fr N by

1

fro = (PP, [24 + 4.41 x 10" H[(0.05 + H)/(0.391 + H)]]

it

fon (/P )(T/T )"/ 2[9 + 350H exp (~6.1420(T/T_)-1/3.17)]

where TO = reference temperature of 293.15°K.

4) Calculate the absorption coefficient a(f) in dB/m

a(f) = 8.686(T/T )/ 2[F2/(P/P )]
(1.84 x 10-1 + 2,19 x 10'“(T/T0)~1(P/Po)(2239/T)2x

[exp (-2239/T)V/LF, o+ (F2/F, )]

-
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+ 8.16 X 10-‘*(T/T°)-‘(P/Po)(sasz/T)2 X
Lexp (-3362/T)I/LF, y + (F2/F, 1)

Once the atmospheric ausorption coefficient is calculated, it may be applied
to atmospheric layers, each with corresporiding P, T, and RH value (see Fig.
4). Over N layers (2) the attenuation of the sound wave in terms of dB,
ASPL 4, is

N
ASPLg = § a(f) « r,
i=1 !

at each frequency f, where ry = h/sine.

4.5 Ground Impedance

The Tevels recorded by a microphone above the ground include energy which
has been reflected by the surface. This additional inu 'sity must be sub-
tracted from the observed sound pressure level values to obtain a free field
value.

Consider Figure 5 in which both a reflected wave and a direct wave from
the source are recorded by the microphone. As explained by Pao et.al. (Ref.
11), the ground factor or ratio of the free field mean square pressure to the
mean square pressure with ground effect, when the surface is considered to be
acoustically hard is

2
G=2+ 2_(+akAr) cos(kar)

where k 1is the wave number (ggf), a = 0.01, and Ar 1is the difference

between the reflected path and the direct path. When the noise is averaged
over finite frequency bandwidths,

14
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Figure 4. - Atmospheric absorption layered model
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-(akar)? cos (k r) sin(akar)

G=2+2e¢ AKAT

2wfc

where AK = 21 . gf (where Af is the bandwidth of interest), and kg 15—

c
(where fe is the central frequency about the band.). The resulting

difference in sound pressure level ASPL, is

2
aSPLy = -10 Tog (2 + 2 e™(3K8M)" cos (k ar) Sin_{akir)

4.6 Background Subtraction

It may be desirable to subtract background noise from a calculated sound
pressure level. This is easily accomplished by comparing a background
spectrum at some value of 6 to a data spectrum at the same angle. The
spectral values must be compared at each value of frequency.

In general, to subtract sound pressure level values at some frequency fk’

10
SPLeye = SPLe o+ 10 Togyg (1 - 10 )
where SPLfkc is the background subtracted resultant SPL, SPLfkm is the

measured or data SPL value, and SPLka is the background SPL. value.

For a signal to noise ratio e(fk), where a(fk) = SPLfkm—SPLka, greater
than 10 dB, a negligible correction is required as the background Tevel is
considerably smaller than the level of interest. A signal to noise ratio less
than or equal to 3 dB implies that the background and data Tevels are very
close, i.e., background only. If the data consistently shows a small signal
to noise ratio throughout all frequencies, some question may be raised as to
the validity of either the bhackground spectra or the data épectra.

17



5.0 FLYOVER ANALYSIS DATA REDUCTION PROCEDURES

As was mentioned earlier, for flyover analysis narrow-band spectra and
directivities are the desired output. The directivity is often used as a
characteristic measurement of a jet engine, and sound pressure levels are used
for more extensive analysis. The procedures employed to yield these results
are six-fold.

5.1 Analog-to-Digital to Engineering Units Tape

The first procedure results in an engineering units tape, for example, a
tape whose data channel units are N/m%, which places the information in a
readable form for the performance of all succeeding functions (see Fig. 6).
The first step involves analog-to-digital conversion by availabie transcrip-
tion methods. Care must be taken in this step. Before digitizing, considera-
tion must be given to the maximum frequency of interest and the frequency re-
solution (bandwidth) to be desired for spectral analysis. Once the maximum
frequency of interest is known, it is standard practice to low-pass filter at
that frequency to avoid aliasing, or folding, in the time series analysis re=-
sults. For most hardware systems, a rate of digitization, or sample rate SR,
is required to be 2.5 times the selected cutoff frequency or greater to avoid
hiasing when filtering the data. A1l time series analyses can yield results
up to 1/2 « SR which is known as the Nyquist frequency.

In conjunction with the selection of the maximum frequency of interest

and hence the sample rate, a frequency resolution must be chosen. The band-
width BW is

where NPTS is the number of output points from a time series analysis pro-
gram. In the direct method of power spectral density computation

18



Analog tapé — Digital tape

@ Engineering units tape
(@) ovIBsH
Time -shifted tape
Radar file —» AAP ®
Raw SPL tape
(@) MANDATA
Averaged raw SPL
Weather — (&) FLYOVER
Corrected—average SPL

spri"mfrc

Directivity

Figure 6. - Data reduction flowchart
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NPTS is one-half the number of points over which the Fourier Transform is
applied, 1.e., 1/2 the number of points chosen per block. One must remember
that over the time interval corresponding to M blocks, the data should be
relatively stationary. In other words, the time increment of assumed local
stationarity t. is

t, = (Z2+M+NPTS)/SR

Hence, maximum frequency, bandwidth, and time of local stationarity must all
be examined prior to the selection of SR.

The second step in generating the engineering units tape is to apply the
proper gains and sensitivities to each recorded data channel. The sensitivi-
ties are found by recording and digitizing known calibration signals through
each data channel which yields a iinear relationship between counts and engi-
neering units. Gains are tabulated for each microphone and for each flyover
which is made. Once these are appli.d to the digitized data, flyover noise
analysis may begin.

5.2 Time Shifting

To be able to average microphone sound pressure levels, each microphone
must he shifted in time to appear to be Tocated at the same reference posi-
tion. This is accomplished by the program called OVIRSH (Appendix A) hy
matrix manipulation (Step 2 of Figure 6). The velocity V is extracted from
radar information and used to calculate the numher of points each microphone
is to be shifted, NSHIFTi, where

SR ed,

NSHIFT, = S
-

and di is the distance from microphone i to the reference microphone or
reference position.

20
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5.3 Raw Sound Pressure lLevel

It is at this point, Step 3 of Fiaqurn 6, that the detormination of the
noise levels hegins, A time aerins analysis proaram called the Acoustics
Analysis Program (Ref. 5 and Appendix B) is ntilized to determine the raw
sound pressure levels, or the souni pressure lavels of time-shifted engineer-
ing units data for each microphonn and each selected value of 0. Averaqed
and corrected SPL's and the directivities are caleulated from the raw SPL's,

The A~oustics Analysis Program employs the direct method of computation
for the power spectral densities, howover, that is not a requirement of the
flyover analysis packaqe, Many %ime serins analysis programs exist which uti-
1ize the Blackman-Tukey method, i.e., the power spectral density is calculated
from the data set's autocorralation. Some differeruis hetween the methods
(Ref, 12) should be considerad ta gnnerate comparabie output,

5.4 Averaqed SPI,

To obtain corrected sound prassure levels, it is first necessary to
average the raw sound pressure levels of the qeometrically similar microphones
at each selected angle as discussed in Sectinn 3. This average must he accom-
plished by dealing with units of (prnssure)x, PZ, or povier. More specif-
ically, the average pover Pg(f) at frequency f s

A s g 2 0

PA(F) =
a i=1

where N 1is the number of microphones to he averaged and REF 1is a reference
for dB conversion, (REF = 2 X 10”“N/m2). This average power may he converted
back to an average SPL value, SPLa(F) hy

21
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SPL,(f) = 10 1oqm(m)

This is done by program MANDATA (Appendix 6} which 18 Step 4 of Fiqure 6,

5.5 Correctoed Averaae SPL

Step 5 of Figure 6 is the application of proaram FLYOVER (Appandix D) to
the averaged sound pressure Tevels, It corrects the spectra for instrumen-
tation effects and propagation effects. The output is then a realistic pic-
ture of the source generated noise levels, if hackground is considered to be
neqligible, i.e., a(fk) 2 10 dB for all values of f,.

The first correction to bhe applied is that of instrumentation. It is
composed of 1) pressure response, 2) diffraction, and 3) windscreen correc-
tions. In general, these corrections are frequency dependent and are to be
added to the observed sound pressure level. They are functions of the type of
microphone and the angles of acoustic incidence,

The propagation effects are applied in the following order:

1) Convective Amplification
2) Inverse Square Law

3)  Atmospheric Absorption
4)  Ground Impedance

5) Doppler Frequency Shift

The order of application is not important with the axception of the Doppler
effect, Some of the earlier corrections, i.e., atmospheric ahsorption and
ground impedance, are frequency denendent and ufilize the observed frequency
for calculation,

EL)
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5.6 Directivity

The final procedure in Figure 6, Step G involves the calculation of the
directivity. Program SPLTHTC (Appendix E) determines peak value at a selected
frequency band fXAf where f 1is the frequency of interest and Af 1s a
factor which allows for small variations in f from one angle to another as
implementation of the Doppler shift does not yield identical values of fre-
quency for each 0,

Program SPLTHTC also has the capability to subtract the background direc-
tivity bv the method discussed in Section 4,6, This results in a true repre-
sentation of the source's directivity.

The final option to SPLTHTC is to sum the two largest values within the
band fzxAf. This is necessary to account for a spreading of the peak value to
two frequency values. The phenomenon is caused by reflection and the fact
that the Fourier transform is applied to a discrete interval.

6.0 APPLICATION

Up to this point, no sample data have been presented. It is the intent
of this section to aid in understanding .ae data reduction techniques hy pre-
senting an example of flyover analysis (Ref. 13),

6.1 Desiqgn

For this test, a monotone source of 4000 Hertz was mounted on the wing of
an aircraft. The source was flown over a microphone array consisting of 10
microphones Tocated 30 feet apart and placed 30 feet above the runway (see
Fig. 7). Atmospheric data were recorded by a weather balloon during each
flight. The aircraft's position was recorded by radar and, in general, was
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Figure 7. - Microphone array for experimental design
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300 feet above the runway at a velocity of 200 ft/second. The analog tape
which recorded the pressures of all ten microphones was digitized at 50000
samples per second. This sample rate was chosen to meet the criteria presen-
ted in Section 5.1. The maximum frequency of interest was 20000 Hertz and a
bandwidth of 100 Hertz or less was requested. To be able to average 8 micro-
phones and 5 transforms for a random error of 10 (see Section 3.3), a hlock
size (the number of points over which to compute the Fast Fourier transform)
of 512 points was chosen. This results in 256 output points, and,

50000
BW = = 97.656

and

_ 245256 _
tr = o7 = 0.0512 sec.

which corresponds to an aircraft displacement of 10.24 feet along its flight
path. This is a relatively small distance compared to the total recorded X
displacement which is approximately 4000 ft. Therefore, it is considered a
discrete increment for time series analysis purposes.

6.2 Results

Given the information above, the microphores must be shifted by a number
of points equal to

_ (i-1){30 ft)+50000/sec _ .

where 1 1is the microphone number and microphone 1 is the reference micro-
phone. (The shifting procedure results in 67,500 fewer digital points and
should be taken into consideration when determining the time interval for
digitization.).
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At this point, raw sound pressure levels are generatad by the Acoustics
Analysis Program. Figures 8 (A through H) show raw sound pressure levels of
microphones 1 through 8 at an angle of 80°., Note that radar information has
been incorporated and is displayed on the plots. Raw sound pressure levels of
this type were generated for all microphones over 5 blocks of 512 points at
angles of 20° through 110° at 5° increments.

The next step is Lo average the microphones at each selected angle.
Figure 9 is the averaged sound pressure level resulting from the spectra seen
in Figure 8. The averaging process is done in terms of pressure squared.
Note the averaged spectra's relative smoothness when compared to the spectra
seen in Figure 8, which is due to the employment of ensemhle averaging.

Program FLYOVER (Step 5 of Figure 6) is now applied to each averaged
sound pressure level. Input required includes the radar information present
on each average spectra file, and instrumentation corrections, and weather
data. Samples of the latter two can be seen in Tables 1 and 2. The averaged
and corrected sound pressure level results and an example can be seen in
Figure 10. This is the same data shown in Figures 8 and 9. MNote that the
strongest signal occurs at 4000 Hertz which is the frequency generated by the
source,

Once the averaged and corrected sound pressure levels for all selected
angles have been computed, the directivity may be determined. Choosing 4000
Hertz as a frequency of interest, Figure 11 results., A value of 200 Hertz
was given as the band over vhich to determine the sum of the two highest
values in program SPLTHTC. The summing is done as the peak is spread over two
frequency values (see Figure 10). Note that the directivity of the monotone
source is a constant which is the expeched result.

26



RVERRSE GVER 1. MICROPWGES RO SaLCOK3
RAN 5PL.DB

ORIGINAL PACE I5
OF POOR QUALITY

UNCORRECTED

oo 80 FT HEIGHT
- TRz JB.HRS48.HINYT.62 SLL

RE= 203,68
- THETA= £0.00

e 53,58

. Vilz 27040

ZEz 27340
® Y= Ay

190, MTLINT Cowr fOY
wE {8018 T0 c.00 OB
b
[
[ /]

v

ot 1\,
@ W ‘
“©
L v]
[
)
[
) \,\/‘
15 \/«\r-«w '

U]

6
0

b bl WJMW
s g,

(a) Microphone 1

Figure 8. -~ PRaw sound pressure levels

27



AVERSE GVER 1. MICROPHONES RND GaLOoCxs
RO SPL.0B

AL I R

NGl rkid ;:3
g:‘i PgQR QUALITY

UNCORRECTED
0] % FT HEL
- TR= §8,HRS48,MINY7,82 L
RE= 68,50
] THETA=0.00
X = -53.66
- Vil=z P27.48
] Y = PO.44
T 5, RO Lo oy
o {409 A TO E.oe ta
n
[
©
&
@ Wt
wE \/\\
: v
= A \
& " Y
o \\’L\,‘ f'
5 i
o “\
15 \J\/\/\/’V‘\"W
v
6

0
Do osendoosse b oose s )
0 R R Y o M T T T T 7 )

FREGUEMCY HZ

(b) Microphone 2

Figure 8. - Continued

28



LA o

GINAL PAGE 53
8:3[ POOR QUALIT Y

UNCORRECTED
Lo ™ FT MELGHT
= TR=  1B.H]S48. MIN47,62 SEC
Re= maae
K ~ "53056
g = = !?7-'}6
s 278,40
H ) = 23,44
7 ®is MIPCENT CONPDENCE
g ,JE_ (A4S £3 10 e
- L]
s
© !
8=
g ke \\,s\}’\
\
5 * Vit
” 1
g A~
= v \f \/1‘
|
® A
-1
WA
.}
15
10
[
of _—
Lmum|lunmulnumnlmmmhnmmhnnnn]mmmluuuml
X0 o 1o (Lore ]

0K
FREGUENTY Hz

(c) Microphone 3

Figure 8. - Continued

29

SRR



IR LY

ORIGINAL PAGE 15
OF POOR QUALITY

UNCORRECTED

% FT HEIGHT
TR= 16+ HRS 484 NINY?46¢ SCu
REz 268.6€

3 % 3 3 B B B u B
W3
n
3843
5&a8

REM SPL.DB

> B B B ¥ € £ @8 |
"’TT'TFTTT]TTTT]WTF
=

RVERRGE OVER 1. MICROPMONIS G SBLOCKS

W
(g}
S
=

.

10

‘.

of

JYTITSTIIERSTTTTY) AVESTTIN (TYYTUTIVI INNSVTITOI YTVIVNTI FOVCTTEAC IOPNTINON

%‘ I R I TR T - T i T T
FREGDTY JHE

(d) Microphone 4

Figure 8. - Continued

30



AVERGGE OVER  [. MICROPHONES QN B3 OO

LI 'ﬂhv‘&

GE 15
ORIGINAL PAGE

UNCORRECTED

FT HEIGHT
TR= 1B.HRS4B.MINY ), 62 SEC
RE= PE9,66
'l}Ex TR=

8

00

56
48
2]

’

E?ll
B}

L]
Y
RLENT COW DL
10 0y

33

tn

=
? Sodd
5%
aq

RA 2P .08

B R 4 % &€ &£ 8 & 8 & 3 3 A = 8 2B

Ll udinagn

o (-] L om [
FREQUENCY (M

(e) Microphane 5

Figure 8. - Continued

31

10000 10000 18300 18000



AVERRGE OVER 1. HICROPHONES AND SBLODNS

R SPL.08

oo E.5 B 3 8 % 8 & 8 % 8 8 4 4 a3 8 KB

ORIGHUAL LU e '
OF POOR QLY

[
8
23

Lo

FREQUENCY (HZ

(f) Microphone 6

Figure 8. - Continued

&
N

=0 LY X0 X0 1000 [T 180 [T+



FVERRGE OVER . MICROPHONES AN B.ODG

e "o v

ORIGINAL 1t o9
gg pOOR QUN.:TY,

UNCORRECTED
L 80 FT HEIGHT
- TRz 16,HRS48.MINGT,02 L8
RE=  PER.6E
x THETA= 80,00
K = -53.56
- VELz 227.46
FE= 270,10
« Y 2 234
i £1 M, PIQENT CPTOORL
” 14,08 0370 8.8 DA
n
o
ot
B«
‘ & /-J\\

" \
: )
; oy

(PRYTIYSTTY YYPSYIYY FNYTIROTI [TTYTYTIV ITVTVVITI [RVITOOTI CAVINTRTTI PPORVORIIN
T R T R U R

[ac ]
FREAENCY (ML

(g) Microphone 7

Figure 8. -~ Continued

33



AVERASE OVER [ NMICRGPHONES A0 SR0OC

R SrL.ms

o B Z 83 23 3 2 &8 &£ 8 AN

3 2a 4 a2 a8 vwBb

Y

ORIGNAL

FACE I

OF POOR CUALITY

(h) Microphone 8

Figure 8. - Continued

34



AVERRGE OVER 8. NICRCFKIES R $B100KS

ax =

a B
R L LAt AL Q) RALL AL e L |

o
e

< N

2B R

3 A

R SPL.B

B R 8 ® 6 § 8 2 8 &

LY

P 19
ORIGINAL FACE !
OF POOR QUALITY

ANCORRESTED

3 FT HLIGHT
TRz 16.HR34B, HINYT.00 S0
26968

E= 21840

Yz 234

1 50 HREN SO ilevt
(=149 08 Yo Li\ DA

o

hmmuhuummmum%wvdﬁymwlummduuuudxmmm
FREQUENCY ,HZ

100w 12000 18000 1800

Figure 9. - Averaged sound pressure level

35



a3 By ek

ORIGINAL PACE IS
OF POOR QUALITY

CORRECTED FORd INSTR CORR CONY APL TN 50 LAY ATH ABSORP  ORND IMPED DPL FREC 5

"'E 20 FT HEIRHT
- ™= 18, H548, NINYT 82 S0
KTz 208,06
© TETR: 00,00
X = 63,56
E .
-]
»
4
»
R u
B
g o
! Q“E
Ee
B e,
g oo
E
4]
]

5

D =

|
|

B
g
3
3
§
8

L 10
FREQUENCY L

Figure 10. - Averaged and corrected sound pressure level

36

23 s

-



A
ST L e ae
ég?qﬁi~aa¥° ALY
W et o
)
CORRECTED FORY  INSTRY coR Lo L I 8 L ATH raXyy
mg SR8 1PED DPL FREQ 8
” *

3

E
E

b |

|

d 3

a
T

2]

RV SPL.I8
2]
anpny

RESGD OAR 8. MROWOEI R0 5.400G
X 3
B LA A L

& % g &

huuuulmmmhmuulhmumlmmml
2 L] (] 0 120
THETA, DfG

Figure 11, - Directivity pattern

37



ORIGINAL PRCE 1S
OF POOR QUALITY

TABLE 1

EXAMPLE OF INSTRUMENTATION CORRECTIONS ADDED TO
MEASURED SOUND PRESSIRE LEVELS

FRQUENCY PRESSURE RESPONSE DIFFRACTION WINDSCREEN

(kHz) (dB) —(dB) _ __.(dB)
1.0 0.0 +.1 0.
1.1 0.0 +.1 0.
1.2 0.0 +.1 n.
1.3 0.0 £, 0.
1.4 0.0 +.1 0.
1.5 0.0 +.1 0.
1.6 0.0 +.1 0.
1.7 0.0 +.1 0.
1.8 0.0 +.1 0.
1.9 0.0 +.1 0.
2.0 ‘ 0.0 ‘ +,1 0.
2.1 0.0 +,2 -0.3
2.2 0.0 +.2 -0.3
2.3 0.0 .2 -0.3
2.4 0.0 .2 .0
2.5 0.0 +.2 0.0
2.6 0.0 £,2 -0.5
2.7 v 0.0 +.2 -0.5
2.8 0.0 +.2 -0.5
2.9 0.0 +.2 -0.5
3.0 0.0 +.2 -0.5
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TABLE 2

EXAMPLE OF WEATHER DATA NECESSARY FOR PROPAGATION CORRECTION INPUTS

ALTITUDE TEMPERATURE RELATIVE HUMIDITY PRESSURE
(m) (°c) (%) (mbars )
0 12.4 50.0 1013.0
10 12.2 49,9 1011.9
20 11.8 48,8 1010.7
30 11.5 49,0 1009.6
40 11.0 51.1 1008.4
50 10.6 h2.0 1007.4
60 10.6 53,0 1006.2
70 10.6 53.0 1005.1
80 10.7 63.0 1003.9
90 10,7 54.0 1002.9
100 1n,0 63.0 1001.7
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7.0 CONCLUSTONS

Development of an analysis package for the determination of noise genera-
ted by a moving source with respect to a stationary observer has been accom-
plished. The procedures outlined in this document when appiied to flyover
data yield a static equivalent noise field with a high degree of statistical
accuracy. Its utilization for a static/flight comparisons will aid in an
understanding of forward speed effects on aircraft flyover noise,
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At

PSDR
PSh

ND
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8.0 SYMBOLS

x position of the aircraft relative to the microphone
y position of the aircraft relative to the microphone
z position of the aircraft relative to the microphone
time differance between microphone positions

distance between microphone i and reference microphone
average velocity of the aircraft

directivity angle of acoustic source

number of Fourier tbansforms averaged

number of microphones

MeN (total numb~r of averages)

resulte” power spactral density

power spectral density of microphone i

number of dearees of freedom

error of estimation

normalized random orror
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W data window weighting factor

fq frequency nF thn source

f0 frequency at the observer

Mc Mach number of the source

PS pressure of the source

P0 pressure at the ohserver

n exponent in convective ampiitfication equation

ASPL difference in sound pressure level due fo convective

amplification

RE distance between acoustic source and observer

ASPL o difference in sound pressure level due to the inverse square
1aw

a absorption coefficient,

G classical abserption coefficinant

Gt rotational relaxation coefficient

%ip,N vibrational relaxation of nitrogen coefficient

%ih,0 vibrational relaxation of oxygen coefficient

T temperature
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RH

r,0
r,N
a(f)

ASPL3

Ar

ASPL,

SPLeke

SPLfkm

SPLea

B o oWl

relative humidity

frequency

pressure of saturation

absolute humidity in percent
refaxation frequency of oxygen
relaxation frequency of nitrogen
absorption freguency at frequency f

difference in sound pressure level due to atmospheric
absorption

depth of layer i

ground factor

wave number

difference between direct and reflected path

central frequency

difference in sound pressure level due to ground impedance
corrected SPL at frequency fk

measured SPL at freaquency fk

background SPL at frequency fk
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NPTS
tr
NSHIFTi
2
P2(f)

REF

SPLa(f)

signal-to-noise ratio at fk

sample rate

bandwidth or frequency resolution

number of spectral output points

time increment of assumed local stationarity
number of points corresponding to At1
average power at frequency f

reference for dB conversion

average sound pressure level at frequency f
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9.0  APPENDICES

APPENDIX A. - Program to Shift Microphone Data

FRDGRQH OULBSHI INPUT, OUTPUTY, YAPEL, TAPE2, TAPED, TAPEA, YAPES , TAPLG,
hPE7.TAPEB TQPEO TO?£ ¢.TOPEll,TAPEIE,
2 TAPEL3, TAPE 4« 100UT)

OU1BSH SHIFTS MICROPHONE DATA FROM QUIR DATA, IF N 1S THE
HICROFHONE NUMBER EACH CHANMEL CETS SH!FTED FORUARD BY
AUs (D(N-1)1/UELINSS POINTS UHERE D 1§ THE MICROPHONE
5PAL1"G VEL 15 THE AIRCHAFT'S SPEED AND SR 16 THE 5GHPLC RATE
OF DIGITIZATION,
tFOR RUN422, TAU IS IN INCREMENTS OF $375.)

D. SRIDLEY
2s2as80

OVIBSH MAINTAINED BY SYSTEM DEVELOPMENT CORPORATION

ODO0OOOOOOOOO0OO00

DIMENSION DﬂTu(lB?S 12),NARES(12),TUNTITS(12),IHDR(B), I5T(3@)
DIMENSION JHDR
NRHELIST/INPUY/IST NPTSES
DﬂTa 161.5,10,15, ao 25, 3@ 35,40,45,50/ ,NPT55/1875/,
JHDR/qler
annx-er
€01 CONTINUE

¢
g READ SKIP FACTORS FOR CHANNELS

READ (14, INPUT)
IF (EQF(14)) 202,203
202 STOP °*NO MAMELIST FOUND®
2083 CONTI
EAD (14,5010) JHDR
5¢10 FORHAT(‘ﬁle)
IF (NPTSS .GT, 1B75) STOP °NPTS5 CAN NOT BE GT 1B75°*

RERD FROM TAPEL ALL CHANNELS AND PLACE ON FILES 2 THROUGH 12
NPTSS 16 (/% OF THE NO. OF POINTS TO SKi
1ST IS TRE ARRAY OF MULTIPLES OF NPTSS FOR EACH GHANNEL

READ (1) I?NDNCHAN LANAMES(T ), Ind ,NCHAN), CTUNITS(I), 121, NCHAN),

I,8)
IF (EOF(1)) 5,9
5 STOP ' RECHECK -TRPES IS INPUT TAPE- SHOULD HAVE 1@ DATR CH'S’
9 IF (NCHAN GT.12) GO Y0 S
Li-@ $11.0
I1J=0 $1J)Ks0
1 DO 10 K=1,NPTSS
READ (1) (DATR(K.I) 1=1,NCHAM)
If (EOF(1)) 6,10
6 LSAV=K-1

DOOAOO

LelSAU
IF(L.EG.8) CO TO 2%
L=}
GO YO0 11
10 CONTINUE
LeNPTS5
11 MRIYE (2) (DATARI(K,1),K-1,L)
URITE (2) (DATA(K,2),K=1,L)
Idelled
20 J=3,NCHAN
IF (1ST(J-2).6E.1IJ) GO TO 2@
WRITE (J) (DATA(K,J),K=1,L)
IF (J.FG.NCHAN) 1JKe=IJKeL
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IF (L1.EQ.8) 60 T0 §
DO “ J-E.
ENDFILE
ENDFILE J
RENIND J
TINUE
CALL EVICT(1)
IF(JHDR(1) .£Q. IBLIX) GO To 31
DO 32 INTe1
conts THDRL ENT )+ SHDRCINT )
URITE_ (13) ISH,NCHAH, (NAES(1), I=1,NCHAN), (IUNITS (1), 1=1, HCHAN),

JCIHDR(I),1=4,8)
WITE FILES & THROUGH 12 ON TRPEL

IJi=0 EXLeNPTSS
READ (2)(DATA(K,1),K=1,NPTSS)
READ (2) (DATA(K,2),K=1,WPTSE)
1J1=1J144
IF(1J1,.EQ.IJK) KLeLSAU
DO 58 J«3,NCHAN

READ  (J) (DATA(K,J),K=3,KL)
IF (KL.EQ.LSAV) L=KL
IF(KL.EO-LS‘W) 111
IF(KL.EQ,LSAY) GO TO 51

IF :EOF(J)HS +50

Ig»

L=LSAV

GO TO 51
CMTINUE

L=MPTSS
IF (L.EQ.9) GO TO 160
DO 60 I-1,L

URITE €13) (DATA(L,J),Je1,NCHAN)

CONTIRUE
IF(11,EQ.8) GO TO 40
ENDFILE 13 SENDFILE 13
STOP * SUCCESSFUL RUN *
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APPENDIX B, ~ Acoustic Analysis Program

The Acoustics Analysis Program is a time series anaiysis program main-
tained by

System Development Corporation
3217 North Armistead Avenue
Hampton, Virginia 23666

It utilizes the Cooley-Tukey algorithm for the Fourier Transform which con-
verts time domain data to frequency domain data. Power spectral densities are
calculated by the direct method, i.e., the powar spectral density is propor-
tional to the Fourier Transform of the dats squared. The sound pressure Jevel
is simply the power spectral density converted to decihels.

The program also has the capability to calculate, print, and plot one-
third octave spectra, auto corr2lations, cross spectral densities, cross cor-
relations, coherence functions, and transfer functions., It can also retain
most of these functions vor further calculations. It is a Tengthy proqram, as
is its input parameter list. It also is system dependent and will not be
presented here.
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APPENDIX C. - Program for Ensemble Averaging

PROGRAH uaunara«xnpuf ouTPUT, Tnnsl.vaﬂzv TAPExe TAPEG s [NPUT,
EG-OUTPur TAPES,

PROGRAN nAqu*a 16 A& PRCKAGE rcn nanxnu.nrxua DATA FROM A
YIFT FILE., 1T CONSISTS CF BASICALLY TLO ROUTINES: OHE 7O sTngr
FILES AND ONE TO PEFORM THE DAGIC MATHEMATICAL FUNCTIONS, 176
CREATION UAS HECESARARY FOR MANIPULATING rxtas CREATED BY THE
ACOUSTICS ANALYSIS PROGRAM(AAPUNIAGRTIC Y AND THE S]GNAL nun;vs:s
PROGRANINEUSAP (IN»2494E0. °, BUT IT Hav BG UGFD ON AHY TIFT FIUE,
THE STACKING ROUTINE,MOUEVER, 16 CNE NPRE APPLICABLE TO AAP AHD
HEWSAP CREATED FXLEJ.

DOREEN GRIDLEY
JRNUARRY {1580

MANDATA MAINTAINELD By SYSTAM DEVELCPMEMT CORPORATION
Tr8x NAMELIST SINPUTS 22t

VAR JABLE DEFAULT PEGCRIPTION
ZIETITITILY PSR 2353¢ ] ARZXAXZARRRRY
IOPT INTEGER s B0 NOT STane r£liree
1 ts STACK ALL SER]AL NU™BERS
a- STACK SELECTED SERIAL MUMBERS
JSN ARRAY SERJAL NUMBERS TO BE STACKEDIUSED
10030 UHEN JOPYeg)

EXAMOLES JGN#4,3,4 anLxcq
ThaT SERIAL NUMBERS §,3,AND 4
WILL BE STACKED
IF J6he65%, n CONGTANT WILL, BE
URTTTEN TO CHANNEL T,

CONST REAL CCNC?QNT TO BF EMPLOYED WHEN
i JSNRGS

IFUNC INTEGER 0=ND ACTION
Q 1»ADD CHAMNELS

2 GUBTRACT CHANNELS

ArNULTIPLY CHAMNELS

A*DIVINE CHANNELS

SeAUERNGE CHAMMELS

6+CHI~5QUARED EAUTUALENCE TES”

EXAMPLES 1OPT2,JSNe1,2,4, 1FUNC2

SERIALS 1,2,AND 4 UILL BE
STACKER AS CHARNELS 1,2,AND 3
RESPECTIVELY, CHAHNEL 2 WILL
BE SUBTRACTED FROM CHANNEL |
P WLl CHANNEL 2. THEREFORE,
THE RESULT1-2-D

KSN INTEGER NEW SER]AL NURBER OF FIRST FILE
< RETAINED (SUBSEQUENT FILES,IF R
géh% BE IN SEGUENTIAL ORDER FR

iseL INTEGER ©=1NPUT 15 NOT 1IN DB
Q A+INPUT 1S 1IN DB

OoSPL INTEGER 0~QUTPUT NUT 0 BE IN DB
e 1=20UTPUT YO BE Ih DB
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c REF REnL COMVERSION FACTOR FOR 16PL AND OSPL
g 0. 0002
¢ JURR INTEGER FLAG TO CALCULATE ASSYNPTQTIC AND
¢ [ ESTIMATED UNRIANCES WHEN AIVERAGING
] Ge D0 NO CALCULATE
g 1+CALCULATE
g TEEXE XX R EXR
DIMENSION JHAHES(!GIS.JUNITS(ieli JSNCL00),DATACI 0L ), NANES(101 ),
IUNITS(101 ),HDRLB
RE“L OSPL, JHDR(8)
DATA 10"701" N, CONG gl XF\i}NCREGN 2 16PL,O5PL,REF /1, 10020,220,0,210,
¢ x8x ﬁﬁﬂf IST/INPUTIIOPT JEH,CONGT, IFUNG ,KSEN, I5PL, 05PL, ,REF, TUAR
C ¥xx READ NAMELIST IhPU™
C 1332

i READ_INPUT
IF (EOF(5)) 9999,2

¢ iz
¢ sxx THIS SEGTICN 16 FOR STACKIHG CERIAL HUMBERS
¢ z33 THAT coNTAlN ONE CHANNEL OTHER THAN TIME(CR FREQUENCY)
C s2¢
2  Kel
URITE (6, INPUT
éFiIOP 1£G,0) GO TC 1000
L]
REUIND ¢

1860 READ (1) ISN,NCHMAN, (NAMEG(I ), 14, NCHANY, CTUNITSG(T 1, I«1,NCHAN),
. (MDRt1),1=3,8)
IF (EOF(1)) 980,310

{10 CONTINUE

L

IF (10PT,EQ.1) GO TO 800

KHeHN=1

IF (KN,EG.0) GO TO 160

DO 120 Ie1,KN
ize ég %gSH.EO.JSN(X)) 60 TO 130
X1z IF NEFDED, CHECK TO SEE IF 1SN 15 A DESIRED SERIAL MNUMBER
130 READ (1)
140 IF (EQF(1)) 100,130
160 IF (JSN(N).E0.999) GO TQ 200

IF (ISN=JSN(N)) 130,200
200 KeK+f
C 3%

X 15 THE NUﬁBER Of ISHS FOUND#1
IF (K.NE.2) G 450
IF (JSN(N),EQ, 999) GO TO 399
DO 210 1«4,2 .
210 JHAMES(T )*NAMES (T )
JUNITST1)=TUNITS(L)
ENCODE (10,6000,JUNITS(2)) 1SN
6009 FORMAT (110)
DO 220 11,8
JHDR{1 }=HDR(1)
250 READ (1) (DATA(I),1=1,2)
IF (EOF(1)) 609,270
270 IJK=IJK+S
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1f (1JX.EQ.2) TINE=DATALL)
IF _{(JSH(N),KE.999) GO TO 400
300 DATA(1)#0,
DATA(2)»CONST
400 707
IF ‘“Ob(ﬁ.a).ﬁo.o)ﬂoﬂ
WRITE (1T0) (DATACI),Iv4,8)
G0 T0 258 )
450 IF (JSHIN),NE.9B9) GO TO 500
JHAMES IR ) » L OHCONSTANT
JUNITSIK)=i0H 999
SDATA*CONST
T0 G511
5@ ENCODEL10,6001, JUNITSIK)Y) ISN
6001 FORMAT(I{0)
JHAMEGIK ) o HANES (D)
501 READ (1) (gﬂTﬂ(L) Leg,2d
If (EOF(11))600,5
510 IJK=1UK¢} 'ﬁwﬂTﬁUDﬂTﬂ(P) AEDATASDATALL)
IF (1JK.NE.R) GO TC Bif
IF (DATA(1).EQ. TYME) GO 70 “51
I £JS~MN«-1),EO Quay Go T 61
;8Agz" *SERIAL NUMBER *, 16 N;' TIMES DO NOT AGRER WITH PREVIOUS SE
811 3;02 ‘STQCKING HON=COMPATABLE SERIALG®
512 }?otg'H(N) JNE.989 +AND, 1JK LEG. B) TIME=DATA/L)
IF (HOD(K,2).EC.0IT08
JTQ8

IF (ITO,EQ,B) JTO+?
READ (JTO) (DATACLI,L=3,JK)
IF (EOF(JTO) 600.?@
520 DATACK I»SDATA
IF CJSHIN).NE.B93) DﬂTA!])-FDATﬂ
WRITELITO) (DATA(L)Y, L»i,K
IF CJSNCND.NE, 999169 TO 501
SDATA=CONST

&

IF (10PT.EQ,1) GO TO 00
IF (JSN(N).NE,O0) GO TO 3
676 DO 675 I=1,K
TUNITS(I)aJUNITSE(T)
675 NAMES(] ) JNANESCT)
DO 680 I+,
680 HDR(13eJHDRCT )
KSN~K5N+1
NCHAN K

URXTE (X10) ngn?§?0ﬁ,(NAHES(1) yInl NCHANY, (XUNITS (D), 1#1 ,NCHAN),

700 .nEﬂD (170) (DATALI), I'l,NCHNl)
218 IF (EOF(IT0)) 710,720

ENDFILE KTO
PRINTE, * VALUES RRE STRCYED ON TAPEA®

-
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NEWIND 270
REUIND JTO

GO T §000
780 URITE (KTO) (DATA(T),1+1,NCHAN)
60 700

900 IO T.£0.1) GO TO
GTOP *RECHECK SERIALS~-ONE 15 NOT FOUND*
1609 IF (IFUNC.NE,8) GO TO 100

¢
g TO CONTINUE TO STACK SERIALS ON TAPEA4

READ 1
1F (EOF(S)) 1002,2
1002 ENDFILE KTO
uTOP *REQUESTED CHANMELS STACKED ON TAPE4?

1091 l
(IUHR MHE,0) URITE (6,5020)
5620 FORNAT 1» ~,10X, SFREQUENCY X,SX,!RUG POUER %,5%,2  VARA %,
§ 5X,%  UAREX,//s
.

REVIND N
READ (M) ISH HCHAN, ‘Rm“f!! Lad MOMAH) (IUNITSE(] ), =4, RCHAN,
lHDR(I) I'i
"IF (EOF(M)) 1050, 1060
1058 GTOP *TAPE4 1§ EﬂPTV'
1060 MCHsNCHAN

HEHAN»2
1JKL»@
1070 READ (M) (DATA(I),I«1,NCH)
IF (EQF(M)) 2900, 1080
1080 IJKL=IJKL+1
IF(ISPL.EQ.1.AND, JJKLGT.7) CALL FDBCONIDATA,NCH,REF)  SIJs1J43
GO TO (1100, 1800 1300,14090,1500,1700) IFUNC
c a3 §TOP *IFUNC’ CODE NOT DEFINED PROPERLY®
g 3;: ADDING CHANMELS nN+B+C4+D4. .y,
3
1109 HgﬂES(E)-lONﬁDDED CHS

ADA
DO 1425 I=2
nDATn'nDﬁTR§DﬂTn(X)
1135 CONTINUE
GO TO 1600

C 333 SUDTRACTING CHANNELS A=B=GuD=E=F=.,,

1200 NhﬂES(E)-XOﬂSUBTR CHS
nnarn-bnrnca
0 1225 1e3,NCH
ﬂDﬂTn'ﬁDATR-DﬂTA(I)
1225 CONTINUE
60 70 1500

¢ nzs PULTIPLYING CHANNELS A2BICADS...
1300 23285(8)-16NHULT1 CHS
DO 1325 I=2,NCH
" ADATAADATABDATALY)
1325 CONTINUE
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GO TO 1690
C 513
¢ 218 DIVIDING CHANNELS A/BICID uns

¢
1400 Nﬁﬂiﬁfa)-loHDIUXD CHS
ADATA=DAT,
DU 1425 1
N ADnTn-ﬂDGTR/DRTR(I)
1425 CONTINUE
GO TO 1600
C 133

g ::; AVERAGING CHANNELS (A+B4CHNS. . o I/INCH-1)
1500 NﬁﬂEg(E)-lOHﬂVﬁED CHS

DO 1525 1s2,NCH
SUM=SUM+DATA(] )
1525 CONTINUE
ADATA*SUM/ (NCH~-1)
IF (lgRR +EQ. @) GO TO 1600

UAR

UARA=ADATARX2/ (NCH~1 )

DO 1550 I=2,NCH

URRESUARE+( (DATA(I1)228)=(ADATALLR))

1550 CONTINUE

URRE «UARE 7 ( (NCH-1)332)

VRITE (6,5010) DRTQ(!) ADATA,VARR, UARE
5010 EgRﬂRT(IGX ,3(E12.5,56%),E12,8)

cxzee CONTINMUE
%
C xxx CHI-SQUARED EQUIVALENCE TYEST

C kY
IF (IJ.EG.L) SDATA=Q
gDﬁ;ﬂ ?gQEQOtﬂLOGlO(ﬂBS(DRTR(E)/DATA(S))))!ta
1669 DﬂTn(&)-ﬁDﬂTﬁ SIFCIJEQ.L) KSN=KSN+1

05PL,EQ. 1, AND, TUKL.GT.7) CALL TNBCON(DATA(R),REF)
IF (IJ EG 1 URITE (10) KSN.NCHAN,(NAMES(I),I-I,NCHAN),
(IUNITSCI), 1»1,NCHAN), (HDR(1)},11,8)
URITC (10) (DATA(K),K+1,2)
GO TO 1070
2000 IF (IFUNC. EQ 6) GO TO 3909
ENDFILE 1

RTWIND H

GO TO §
0999 ENDFILE to
STOP *END OF PROGRAM®
3000 CONTINUE
C 333 COMPUTE CHI-SOUARE
CHISA=1J3SDATAZ 4,
DF=FLOAT(1J)
PRIMTS, *DF «*,DF, *SDATA=*,SDATA, "CHISO-",CHISA
CALL MDCH(CKISG,DF P, TER)
IF (1ER.EQ.%29 .OR. 1ER.EQ.34) PRINTE,* ERROR IN USING CHI®
Pa(1-P)2i0Q,
URITE (6,5000)
5000 FOQﬂAT(// 15X, % CHI-SOUSRE EQUIUQLENCE TESTS.77)
VRITE(G,6001) NARES(2),NARES(3)
5001 FORMAT(EX,3 THE PROBABILITY THQT CHANNEL 2,A10,% AND CHANNEL 1%,
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.?_;‘g.x.sx,t ARE STATISTICALLY EQUIVALENT IS %,F10.5,8 PERCENTX)
SUBROUTIME FDBCON(DATA, NCH, REF )
DIMENSION DATAC18{)

DO 1 I=2,NCH
DATA(1)=(10.3%(DATA(])/710, ) IEREFXREF
CONTINVE

END
SUBROUTINE TDBCON(DAT,REF)

IF (DAT) &,1.
DAT=10.3ALOGIO(ABS(DAT )/REFXREF )
CONTINUE
RETURN
END




APPENDIX D. - Program for Correcting Sound Pressure Levels
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ORIGINAL PACE (3

[ e

OF PGOUR QUAL.:

PROGRRH fLYOUERtTNPUT ouTPUT, TnPE'-INPUT TAPEE«QUTPUT,

TAPEL, TAPER, TAPEL0)

PROGRAM FLYOVER 15 T0 CORRECT OVIB FLYOUER SOUND PRESSURE
LEVEL DATA GENRERATED BY THE ACOUSTICS ANALYSIS PROGRAM{AARF),
THE PRUFACATION PATH CORRECTIONS ARE!

§) INSTRUMENTATION CORRECTIONS~~PRESSURE RESPONSE,
DIFFRACTION, AND WINDSCREEN CORRECTIONS
CONVECTIVE AMPLIFICATION

INVERSE SQUARE LAty

ATMOSPHERIC ﬂBbDRPTIDN

GROUND 1NPEDANGE

DOPPLER Fﬂfoufﬁcv SHIFT

aren 210ty
et ot

-
-~
=
™
w
-

) INPUT FILE 16 TAPEL
2) QUTPUT FILE FOR CORRECTED SPL'S 1S TAPEje

' FLYOVER MAINTAINED BY SYSTREM PEUELOPRENT CORPORATION

THE FIRST INPUT EXPLCTED 15 A SIXKI6) DIGIT CODE BEGINNING
IN COLUMK ONE(1)., THE ORDER OF THE CODE 1S THE ORDER OF
THE ABOUE CORRECTIONS.

® IMFLIES DO NOT CORRECT

1 IMPLIES CORRECT

Ex.1: 000020  NO CORRECTIONS
EX,2: 103000 CORRECT FOR INSTRUMENTATION AND INV. SG.

A NAMELIST SINPUTS 16 EXPECTED NEXT.
NANELIST SINPUTS
VARIABLE ¢ TYFE AND x DESCRIPTI10t
4

DEFAULT
T 5 32 %X ¥ £ 23 %2 X £ % %X X % T 3z % %3 3
1CODE INTEGER F1.aG FOR UHICH THETAS ON TRPE1

0 T0O CONSIDER

0+NLL THETAS ON TAPE]
1oSELECTED THETAS ACCORDING
TO ARRAY THTA

THTA REAL ARRAY  ARRAY OF THETAHS TO BE CONSIDERED WHEN
1¢x0.0 1CODE-1,
NOTE: THETA ON FILE TAPE) WILL BE
ACCERPTED IF IT 15 WITHIN ¢.1
CR ~-.1 OF THTA

N INTEGER FLAG FOR TYPE OF ACQUSTIC SOURCE
Q DISTRIBUTION(FOR CONV, AMP.)
©=MOMOPOLE
AeDIPOLE
29QUADRAPOLE

STRCR REAL ARRAY  ARRAY OF UALUES FOR INSTRUMENTATION
8003-959, CORRECTINONS
STRCR(1,4) ARE THE FREQUENCIES
STRC R(l.?) ARE DTSPL FOR P. RESPONSE
STRCR(1,3) ARE DTSPL FOR DIFFRACTION
SYRCR(X,4) ARE DTSPL FOR WINDSCREEN
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e

HGT REAL
30.
REF REAL
15,
P REAL ARRAY
253~999,
T REAL RARRAY
2A2-999,
ALT REAL ARRAY
25%-999,
RH REAL ARRAY
258~999,
1VAR IN;EGER
F3 REAL
8,0
Fe REAL
50000,
SR REAL
5eeee.
NPTS INTEGER
512
NBLKS IN;EGER
NMICS INTEGER
8
ITAPE INTgGER

IPRINT INTEGER

ORIRIAT, [

P, YA
@h' ﬁ"‘\,f YT e

DISTANCE FROM GROUND Y0 MICROPHONE(FEET)

REFERENCE DISTANCE FOR INVERSE SOUARE
LAWY CORRECTION

HEASURED ATMOSPHERIC PRESSUE (MBARS)
CORRESPONDING TO ARRAY

MEASURED ATMOSPHERIC TEMPERATURE (DEG C)
CORRESPONDING TO ARRAY ALT
NOTEs THE TEMPERATURE ARRAY MUST
BE INRUT WITH EACH SUCCESSIVE
NAMELXST XF APPLYING CORREC-
TIONS 2,4,5, OR 6

MEASURED ALTITUDE (METERS)
INPUT 16 TO BE IN DECREASING ORDER
AND IN EQUAL INCREMENTS

MEASURED RELATIVE HUMIDITY (PERCENT)
CORRESPONDING TO ARRAY ALT

FLAG TO PRINT OUT RESULTS OF SpL
AFTER EACH CORRECTION 15 AADE
0+D0 NOT PRINT
1=PRINT

INITIAL FREQUENCY FOR CORRECTIONS
TO BE APPLIED

FINAL FREQUENCY FOR CORRECTIONS TO
BE APPLIED

SAMPLE RATE OF DIGITIZATION

NUMBER OF POINTS PER BLOCK
(UARIABLE NREAD IN AAR)

NUMBER OF BLOCKS FOR THE SPL USED
IN AGR .

NUMBER OF MICROPHONES AVERAGED
IN MANDATB AFTER AAP

FLAG FOR WRITING (AND PRINTING) ONLY
THOSE FREQUENCIES BETWEEN F1 AND F2
Q«URITE ALL FREQUENCIES
{sURITE FREQUINCIES BETUEEN F1 AND F2

FLAG FOX PRINTING WHEN IURR 1
@=PRINT DELTA SPL VA
1ePRINT PORRESPONDING SPL VALUES

FOR A. MUELLER N

1-1u-81
D.GKIDLEY
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ORIGHIAL PASE ,

OF POOR QU

(THIS IS A REVISED VERSION OFf A PROGRAM DEUVELOPED 5-80)

DIMENSION THTA(10),STRCR(20€,4),P(25),TIR5),ALT(25),RHIES), IFNC(E)
TAL2), NﬂHE’(P) IUNITS(E),I DR ¢ 8)
NAMELIST /INPUT/ ICODE THTn M, STRCR, HGT, REF, P, T,ALT,RH,
,fung, 17APE, IPRXNT SR, NPTS NBLKS HIcs

DATA ICODE THTﬂ N STRCR/0 1020.0, 0,800!~999 /s HGT/EO./,

P, ,RH/1003-999 7, JURR, Fx F2s0,0,, 50000

NBLLS NRICS, ITRPE/S, B, OI;IPRINTIOI.JR NPTS/SOGOO..S!E/
DATA CORR, DTSPL DaSPL DSSPL,D4SPL pSSPL/1.,5%8.87,REF/ 1S,/

READ ARRAY IFNC FROM INPUT

[y o R

{ READ (5 5}11) (IFNC(1),I1,6)

FORMAT(
IF (EOF(5)) 1000, 2

INITIALIZE UARIABLES
P1»3,14158265
PO=1013.25

T0+293.15

A=8,91

READ NAMELIST &INPUT 8

READ (S, INPUT)
IF (EOF(5)) 10600,4

4 CONTINUE

5222

5333

16

29
25
39
20

WRITE INPUT INFORMATION TO OUTPUT FILE

URITE (6,5222)

?ORHRT(IHl /7,5%,81FNC = CODE FOR CORRECTIONS(® MEANS NOT APPLIED:
1, 1 MEANS APPLIED)IA/, 5X,8IN THIS ORDER:%,”/,1eX,

2 8IN5TRUMEHTRTION CORRECTIONSX,/, 10%,

3 SCONVECTIVE AMPLIFICATIONX,/, 10X,

4 SINUVERSE SQUARE LAWX,~. 10X, XHTHO»PHERIC ﬁBSORPTION!,/ 10X,
S 3GROUND IMPEDANCEX,/, 1ox $DOPPLER FREQUENCY SHIFTS$,/)

WRITE (6,5333) (IFNC(I),Iﬂl,S)

FORMAT( 10X, 3IFNC= 3,611)

KRITE (6, INPUT)

READ HEADER RECORD, AND TR,RE,THETA,X,VEL,2, AND ¥ (THE FIRST 7
2sgn7s$CORDS TO DETERRINE 1F THE FILE IS ONE REQUESTED BY 1CODE
A

KCNT=0

READ (1) ISN, NCHRN,(NQNES(I) Is 3, NCHAN), CTUNITS(I), I=1,NCHAN),
1 IHDR(I) =1,8)

IF (EOF(l)! 00, 20

I1J=0

READ (13 (DATA(I),I=1, NCHAN)

IF (EQF(1)) 30,49

?}O?J'END OF FILE BEFORE RADAR INFORMATION IS5 READ®

o IJ+

IF (IJ .EQ. 1) TR=DATA(R)

IF (IJ .EQ. 2)_ RE=DATAL2)

IF (1J .EQ. 3)THETA=DATALR)

IF (1J .EG. 4) XRAD=DATA(R)
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100

110

{20

135

148

150
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L

(IJ .EQ. §) UEL=DATA(R)
(14 £Q, €) zE«DATA(Z)
IF (1J .€Q, 7) YRAD=DATA(Z
IF (1J ,NE. ?) GO TO 25
iF (ICODE .EQ. 0) GO TO 120
DO 110 =1,
If (me-rg «GE. (THTACT -0, 1) AND, THETA.LE. (THTA(T )40.4))

CONTgNUEO
OTHERWISE CALL SKIPFF
CQLL SKIPFFC LTAPEL, 1)
KCNT KCNT+1
URITE HEADER RECORD AND RADAR INFORMATION TO TAPE1Q

el b adeiad

xURITE (19) ISN NCHAN, (NﬁﬂES!I) I3 ,NCHAN), (IUNITS(1),I=1,NCHAN),
DUN=~993,

IHDR(I) i1,

WRITE (i6) DUM,TR
DUMw~998,

HRITE (19) DUM,RE
DUN»=«997,

WRITE (10) DUM, THETA
bDUM=-80196,

WRITE (10) DUM,XRAD
DUM==-985,

URITE (10) Dunm,UEL
DUM»-994,

WRITE (10) DUM,ZE
DUM=~993,

WRITE (10) DUM,YRAD
IF (KCNT .GT. 1) GO TO 189

ADD 273.15 TO TEMP ARRAY

DO 135 Ia4,25
IF (T(I) MNE, =999,)T(I)*T(1)+273.15

COMPUTE AVERAGE TEMPERATURE FOR AVERAGE C FOR DF ,AND CA

AT=0.
ICNT=0
1-0
wl+y
IF (T(l) .EQ, -999. ,0R. «GT. 25) ¢O TO 150
F(égLTéI)4éLT. (HGTX, 3048)) «OR. (ALT(I) .GT. (Z2E2,3048)))

AT=AT + T(I)

XCNT-ICNT+1

GO 70 !

nT-g;/(SLORT(ICNT))

CAYG=(343.238SART(TA))70.2048
COMPUTE DELTA HEIGHT IN ALTITUDE

DHGY=ALT(1)-ALT(2)
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CONPUTE C CLOSEST TO GROUND FOR GROUMD IMPEDANCE

) LEQ, -999,) GO _T0 170
; SGE, NALTA) GO TO 469

TINU
CGI=(343.238S0RT(TIINI/T0))I/N. 3048
COMPUTE VARIABLES FOR CORRECTIONS

CORR 16 FOR THE DNONPLER FREQUENCY SHIFT

AMCH 1S THE MUERAGE MACH NUMBER

DTSPL 16 FOR THE INUERSE SQUARE LA

D2SPL 15 FOR GONVECTIVE AMPLIFICATION

DK 1S A NUMBER RASED OM BANDUINTH

DR 1S THE PATH DIFFERENCE BETUWERN REFLECTED AND
DIRECT PATH

NKDR 1S THE PRODUCT QF DY AND DR

180 AMCH=VEL/CAVG
CORR»(1,~AMCHXCQOS(THETAZP1,180,))
DTSPL«20, 2ALOGIO(REF/RE)
IF CIFNC(3) .EQ. ©) DT7PL=0,0
DESPLe20. 2 (28N+2)XALOGO(CORR)
IF (IFNC(2) .EQ. OY DRSPL¢0,0
DK (P1XSR)I/(FLOAT(KPTS)XCGI)
DR=2.XHGIESINtTHETARPI/180,)
OLD METHOD OF CALUCULATING DR~-~INVALID DUE TO CHOICE OF ANGLE

DR=SGRT(RESRE$4.,$2EXHCT )~RE
UXDR=DK3DR

IF (DKDR .EQ. ©) Wisi,

IF (DKDR ,NE. Q) Ui=SIN(DKDR)/DKDR

WRITE TABLE HEADINGS ON OUTPUT IF IUAR«!

IF (IVAR .NE. 1) GO TO 130
URITE (6,5888) (IHDR!(L),L«1,8)
G8B8 FORAAT (1H! //7,8A10)
WRITE (G, 5444) TR,NE, TRETN,XRAD, VEL , ZE,YRAD
1 CﬁUG CGI ANCH,NN1CS,NBLKS
5444 FORMAT(//,5%, nT-x,Eia a,d% nn-x E12.5,44,XTHETA3,E12,5,4X%,
&8%-3,518.5.4K,lU-n,Eaa-G,4x,xz~R.F12.5,4x Y%, 512-5,//'
A30X,8CAVUGs Z,E12.5,4X,8C01 X,E12.5,4X,8Mn S,EIE.S,///,BOX,
2XAVERAGE OVER 3,14,X ﬂXﬁROPﬁONE;, eND x,X4,% BLOCKSE,7/7,10X,
32CODE FOR CORRECTIONS RAPE:»®,/,16%,x1C=INSTRUNENTATIONS, 7, 15X,
48CA*CONVECTIVE ARPLiFICnTIDNx,/,LSX 315» INVERSE SQUARE LAUX,/, 15X,
BZRA*ATHAOSPHERIC ﬁBsORPTIONx./ 16X, BGX-GROUHD INPEDANCEY, /7, 15X,
GXDF =DOPPLER FREQUEKCY SHIFTX)
IF CIPRINT .NE. O) U?lTE (6,5666)
5666 FORMAT(//,4X,X FREQUENC!
16( 4%, 2AVG SPL DBx ), QX,E‘PEQUENCVB /,35X,%(1C)8,7X,8(1C,CA}X,7X,
2x(I¢C,CAh, 15)3.4X ﬂ(IC CH,I5,RN)8, IX x( QLL )%,5X%, l(DF)t.//)
F PRINT +EQ. ©) UQITF (6,5777)
ST77 FORMAT(//,4%,3 FREQUENCYX,4X,2aUG SPL,D
1 S(4X,8DELTR SPL x),4¥, XFREQUSNCVX4X83UG SPL DB2,7,35%,2(1C)x%,9X,

o ra
-3
©
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e ucmx.nx.msn,xax.umn.ex.ucx>x,7><.xtorn,
3 ux,:rmm.

130 COHTIN
READ AND APPLY REQUESTED CORRECTIONS
200 READ (1) F,SPL
IF (EOF(1)) 560,210
210 IF (F .GE. Fi .AiD.F $LE5,F2) GO TO 215
}Fp‘éT“PE JNE, Q) GO TO 200
SPL1+SPL2SPLISSPLA-SPLS-SPL
IE"(10R HE. 1)760 TO 460
215 IF (IFNC(1) ,EQ, @) GO TO 300
INSTRUMENTATION CORRECTIONS
FFeDB1~DB2+DB3+0.0
IF (F.GT. STRCR(1,1))G0 T0 220
IND-0
GO TO 270
280 DO 260 171,200
IF (STRCR(I,1) .EQ, -999.) GO TO 280
I (F.LT. 8fRCRUL 1)) GO To 270
FF=STRCR(T,1)
DB1=STRCR(1,2)
DB2+5TRCR(1,3)
DB3=STRCR(I,4)
260 CONTINUE
270 IND1«IND+1
RATIO« (F~FF )/ (STRCRCIND1, 1 )-FF)
DBi= DB3 + RATIOX(STRCR(IND{,2)-DB1) $ DBi«INT(DB1%X10.4,5)/10,
DB2= DB2 + RATIOX(STRCR{IND1,3)-DB2) § DBa~INT(DB2X10.4,5)/10.
D3« DB3 + RATIOS(STRCR(IND1,4)-PB3) 8 DB3«INT(DB3x12.+.5)/10.
280 DSSPL=DBI +DB2 ¢DB3
SPL=SPL4+D5SPL
300 IF (IFNC(2) .EG, @) GO TO 310
CONVECTIVE AMPLIFICATION
SPL=SPL4D2SPL
310 IF (IFNC(3) .E0. @) GO TO 320
INVERSE SOUARE LA
SPL»SPL~DTSPL
320 IF (IFNC(4) .EQ, @) GO TO 408
ATMOSPHERIC ABSORPTION

D4spLe-0.0

DO 356 11,285

IF (ALT(I) (EQ. -999.) GO TO 350

1IF ((ﬁLT(I%SéLT. (HGT2.3048)) .OR. (ALT(I) .GT. (ZEX,3048)))

C=343.23XS0RT(T(I)/TO)R100,/(E.54%12,)

SRTR'!O 79586%(1.~(273.16/T(]))) ~5, 02808!&L0010(T(X)/873.IG)
+1.50474%0,80018(1,~10.823(~B.296928¢{T(I)/273.16)~1.3))
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DO

k1217)

369

469

410

420

450

455
i

6558
468

G
Gee

900
1000

BRICMAL 107 72

CF POUR T

a 03.3?8?3!0 2008 (1O RECATERS58(1L.~(R7,15/TCL3) ) )1,
Pﬂ-ie 215ATR
NUH*RH(!)!FR!P(I)/PQ
FRLO=(P(II/PO )X 24, ¢4
FRLN=(P(1)/P0O)XSOR
EXP(~6,142

i
ALPHAS 8.,686X50RT
(1.84x :

HUM)Z(0,3914HUN) )
THUME
=§,3))
/T(l))l(’ll)/PO)!

T
{
T
£ 0TI

{
(
5
(FRLO ¢(F3F/
(P(1)/P0}8(33

EXP(~3352,/7(1
D4SPL'D49PL + ALPHAZ

CONT IMUE

SPL’SPL+B4’PL

CONTIHUE

IF (IFNC(S) JEQ. Q) GO TO 4}1e@

GROUND IMPEDANCE

DUMe (= (AK2, sztrzna/ccx)xxa )
IF :nuu LT, =675.54)
DUN ,GE. -675. 84) HE EXP(
DSSPL-!Q lﬁLOG!G (2, +a, &UE‘CQS(E RPISFEDR/CGT U )
SPLsSPL~-DISP
1IF (IFNC(6) .EQ, 0) GO TO 4@

DOPPLER FREQUENCY SHIFT

F«FXCORR
CONTIMUE

SET UP AND PRINT VALUES IF IUARel

IF (1VAR .NE. 1) GO TO 460

IF (IFRC(6) EQ. ) CORR=1.0

FFF=F/CORR
SPLYvSPL+DISPL-DESPLALTSPL-DRSPL-DESPL
SPL2+=5PL4D3ISPL~D4SPL+DTSPL-DaSPL
SPLI=SPL+DISPL~D4SPLIDTSPL

GPLA=SPL#DISPL~D4ASPL

SPLS=SPL+D3SPL

IF (IPRINT NG, 2)

WRITE (6,5555) FFF,SPLL, SPLE S§PL3,5PL4,5PLS, SPL,F
IF (IPRINT .NC, ©) GO T

D?SPL'-DTSPL
PESPL=~D3SPL
WRITE(6,5555)
FORMAT(2X,F 10,
WRITE (1@) F,5

(
T
4
1
3
R
23

N Zrtrn vt v 4
P sy s B e R T
0w wr S 2 08
Guu-(

UTAGIMSra  »
kel ot TR ]

-
~—
-

552%,DESPL,D?SPL,D4SPL.DBSPL.F.5PL
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APPENDIX E. - Program for Acoustic Directivities

DOOODOOAOODOOOOOCODCOOOHONDNODODHIOHOTN

PROGRAN SPLTMTC(INPLT,OUTPUT, TRPES s INPUT, TAPELOUTRUT,
! TAPEL, TARER, TaPEG, TAPE10Y

PROGRAM SPLTKTL 16 N FROGRAM UHICH GENERATES 'THE
PADIATION PATTERN (6Pl UERSUS THETA) AT A LESIRED
FREQUENIY FOR ALL FILES ON TAPET UHICH ARE GENERATED
B\ THE ACOUSTICE ANMALYSIS PROGRANIAAR) U]TH NMCD FILES

QUAAR IR, OVAAF {2, AND 0UNAPGD APPLIED.
FOR QUIB FORWART GPEED EFFECTS
(A, NJELLER)

4
D+ GRIDLEY (3981
SPLTHTC MAINTAINED RY SYATEM PEVELOPNMENT CORPLRATICN

1. FILES
A TAPE1 J1& THE SPL FILE CENERATEDR BY ARFe=THE

FIRST 7 DATA NECOKDS RRE RADAR JHFORMATION

B, TARPE2 16 THE PARIATION PATTERN FILE FOR THE.
?sngR?JHD RUN (ONLY USED A5 INPUT UHEN

J .

C, TAPES 15 THE NEW RADIATION PATTERN FILE

Dy THPEIQ 15 THE NEU RADINTION PATTERN MINUS THE
BACKGROUND (TAPER) (ONHLY OUTPUT UHEN JBSUBs#1)

I1. NAMELIST SHAMES

A.FREG 15 THE DESIREE FWFOUENPV AT UHICH T0 CENERATE
THE RADIATION PRTTFH

B.ERR 1S THE BANDWIRTH 9”'"\UHICH 10 FIND ‘PL VALUE
(RANGE QF FREQ-ERR 0 FRENCERR 15 USED

C.IBSUB 16 THE FLAD FOP SUDTRACT ING BQCKGROUND
(¢ » DO NOT SUBTRﬁCT i SUBTRACT)

D.ISUMTYP 16 THE FLAG FOR COMPLTAT]ONS
(@+HIGHEST UALUE 18 RANGE ONLY, ) eSUM OF TUWO
HIGHEST SPL UALUES TH THE RANGE)

DIMENSION NAMES(21, IUNITS(B) THDRIB),DATA(R), JNARES(2), JUNITS(2 Y,
1 THETAB (56 ), DIRLE

NAMELL1ST ¢NAME/FREQ, FRR JBJUE 1SUnTYP

DATA ERRIBQG/.FREOIBGGG/,IBSUB/OlolsuﬂTYP/GI,

i JHAMES/10H  THETA  ,10M sPL v,
2 JUNITS/16H  DEGREES ,30H DB ’
1 READ (5,NAME)

Iy
IF (EQF(5)) 1000,5
5 URITE (6,NAME)

*0
leREﬂD (1) XSN NCHﬂH (HAMES(1), I=1,NCHAN), (TUNITS(1), 1«1, NCHAN),

1'1,8
XFKCEOF(I)i 508 20
IF (K .EG, 1) URITE (9) ISN,NCHAN, {JNANES(]), 1 GHQN),
‘J ° CIUNITS(TI), In ,NCKAND, (THDRI ] 1 1,8
DBNAX«-99999,
DBiMAX«0,0

30 READ (1) (DnTA(l) I=§,RCHAN)

IF (EOF(1)) 3
35 STOP ‘FREOUENCV REOUESTED IS T00 LARCGE*
40 JeJsd

61
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650
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650

1
IF (EOF

i
READ (9
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Ge 70 5¢

THETADATA(R)

DATA(1) ,GT.(FREQ ¢ERR)) GO TO 69
{DATA(L) ,LT.(FREQ ~ERR)) GO TO 39
FIND MAXIMUN SPL UALUE IN RANGE

IF (ISUMTYP .EQ., @) GO TO 55

IF (DRTA(E) 5L Dbiﬂﬁx GO T 30
IF {DATA(2) .LT. DBMAX) GO TO 52
nnxuax DBHﬂX SDBMAX«DATA(2)

GO T

DB1HAX= DATACE)

Go 70 30 ,

I (DRIALZ) .GT. DBMAX) DDAX-DATA(Z)
IF (ISUNTYP ,EQ. 0) GO TO 65

DBMAX» (10, 82 (DBMAX/20. ) 130.8002
DBAMAX= (10,23 (DBLMAX/20, ) )20, ;0002
URITE (9) THETA, DBHAX

RE )

aD 1
IF (EOF(1)) o
LLOSKIPFF(SLTQPEX 1)

N
IF (IBSUB ,EQ, ©0) GO TO )
NDFIL

RCUIND
PLACE BKG INTO ARRAY THETAB AND DBB

READ (2) N
IF (EQF(a ) 520,530
530P NO RADAR FILE INFO.°*

I1Je1J

READ (2) THETAB(!') DRB(IJ)
IF (EOF(E?ﬁ §50,5

KNT=1J=~1

READ SPL US THETA AND SUBTRACT BKG~~ONLY THOSE THETAS
VITH A CORRESPONDING THETAB WILL BE WURITTEN TO TRPELO.

READ (§) XSN.NCHRNi(NQgES(l) 2R, NCHAN, (TUNITS(T), 31, HCHAN ),

(IHDR
(9)) 1602,610
URITE (10) ISN,NCHRM CHAMES(T), 121 ,NCHAN), (TUNITS(L), I=4 ,NCHAN ),
C(IHDR(I),144,8)
) THET#,DB
{F (EQF(9)) 7¢2,632

Lel+d
IF (L .GT. KNT) GO TO 62
IF (THETQI(%) 6T, (TKZTG+1 ) JOR, THETAB(L) LY. (THETA-!, )?

GO T
CONTXNUE



=8 w3 Sl

-z

IFC(DB-DBB(L)) .,GTy 3.) GO TO 66O
WRITE (6,5660) ISH, THETA
B66e FORMAT(/,8 FOR SERIAL x,I6,% S5/N 16 ¢ OR » 3 FOR AMGLE 3,F10.4)
IF (DB~DRB({L) .LE. ©0) GO TO 679
GO TO 665
660 IF ((DB-DBB(L)) ,GE, 10,) GO T0 670
665 DB=DB+10.B3ALOG10(1,=10,52((DBB(L)~DB)710,))
THETA, DB

670 URITE (1@)
GO TO 620
760 ENDFILE 10
E'O‘DFXLE 10

GO T0 1
100¢ g;f{gp *END OF PROGRAM®
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