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NOTICES

Disclaimers

The findings in this report are not to be construed as an of-
ficial Department of the Army position. unless so designated
by other authorized documents.

The citation of trade names and names of manufacturers in
this report is not to pe construed as official Government in-
dorsement or approval of commercial products or services
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I. INTRODUCTION

The main problem of sound ranging is to determine the location of a tran-
sient sound source by examining the signals received at an array of microphones.
The problem can be logically broken down into two main parts. First the deter-
mination of the relative arrival times of the sound at the microphones and
second, the use of this information to estimate the position. In this paper
we concentrate on the determination of relative arrival times.

In the past, the arrival times at each microphone were determined bv visu-
ally selecting a point of charge, the so-called "break point'", from strip chart
recorded signals [1]. Some methods used to determine these break points have
been: first inflection, first maximum after inflection and first cross over
after inflection. A comparative study of these methods is given in Dean [2].
In contrast to the break point methods, the author [3] proposed a procedure
to obtain more accurate timing information from the received microphone sig-
nals by using the correlation between signals. The method when implemented
on a digital computer would not only speed up the determination of the rela-
tive arrival times but provide more accurate results with less chance for read-
ing errors than the visual techniques.

The purpose of this paper is to document a Fortram realization of the cor-
relation technique described in [3] and present results from using field data
from the PASS [4] experiment as input, These limited results indicate that,
under a controlled experimental environment, the overall method provides reason-
ably good time differences estimates which, when used with the proper meteoro-

logical data, give good position estimates.
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IT. GENERAL DESCRIPTION OF TIME DIFFERENCES ESTIMATOR PROGRAM

The overall structure of the computer program for determining the rela-
tive time differences consists of the following basic sections: (A) Initiali-
zation and acceptance of input data, (B) a determination of the time windows
that would enclose the signal received from the source and a calculation of
the energies within the windows, (C) a prefiltering operation that would over-
come wind and extraneous noise, (D) a pair by pair correlation to determine a
rough time difference and a measure of correlation, (E) the determination of
an overall least square time fit, and (F) an outputting of re: .'ts. A general
flow chart indicating processing structure is given in Figure 1, the program
listing is given in Appendix A, and each main block is described in detail in
the following sections. Each of the subheadings under the main blocks are set
apart by comment cards in the program for ease in presentation.

A. Initialization and Acceptunce of Data

1. Initializing. In the initialization portion of the program there are
a number of parameters that must be specified and dimensioned. The main param-

eters are:

NMIC = Number of microphones

NL = Number of data points for each microphone
NSW = Number of points in the sliding window
NPFW = number of points in the Fourier window

The number of points in the sliding window is chosen to be approximately
the number of points in the expected signal. By examining the C4 data from
the PASS experiment, an example of which appears in Appendix C, it was seen
that signals were in the 300-375 msec length and at a sample rate of 1 K
samples/second this means approximately 350 samples. The number of points in

the Fourier window was selected to be 1.5 times the number in the sliding
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window to make sure that most of the signal was within the window. For the
C4 this meant approximately 500, and since the Fourier transform can be ob-
tained faster for powers of 2 by the FFT, NPFW was selected to be 512 and
NWS = 342. The data files provided by personnel from the Physical Sciences
Laboratory (PSL), Las Cruces, New Mexico, were constructed to be 1920 samples
per signal in length; therefore, NL is set equal to 1920, The following
dimension and complex cards would then be required:
DIMENSION IDAY(NMIC), IHOUR(NMIC), IMIN(NMIC), SEC(NMIC), MIC(NMIC), TIME(NMIC)

DIMENSION TAU(NMIC,NMIC), IT(NMIC), NR(NMIC), E(NMIC), RTAU(NMIC,NMIC),
CTAU(NMIC,NMIC), GAM(NMIC,NMIC)

DIMENSION SMIC(NMIC,NL,LRST(NMIC, G(NMIC,NMIC), AT(NMIC), A(NMIC,NMIC),
JC(NMIC-1), V(2)

DIMENSTON CMEAS(NMIC), MCOM(11).
CMPLEX X(2-NPFW), Y(2-NPFW), WORK(2-NPFW), XX(2-NPFW), YY(2-NPFW), ZZ(2:NPFW)
2. Data file Format. The input to the program was data taken from the
PASS Experiment that had been transferred to files in the UNIVAC 1108 system by PSL
personnel, The format modified slightly to include MET data and file identi-
fication for these data files is illustrated in Figure 2. Each data file is
728 lines in length with the first eight lines containing timing and shot in-
formation while the remaining lines contain the data for each microphone. To

be more specific in the format we have the following line by line structure.

12 12 I3 12 12 F6.3 T4.1 I4 12
Line 1: 6 1 341 12 36 2,024 _ 06.7 6380 09
a b c d e f g h i

a = Number of microphones

b = PASS source number
¢ = Day of Pass shot
d = Hour of Pass shot
e = Min of Pass shot




5
| & 134117 3% T,054 T .7 ez v - T - T T T T T T T T TS o TAan g
) SOUKCL 1 MIKE AKIKAY B FILE(SY-1e34) -MR-1,) l
| 1 1920 120 2 341 12 3o 15.611 i
l 2 1920 120 28 3a1 12 3a 34.307 HEADER
31920 120 29 34l 12 & 37.787
I 4 1920 120 30 341 12 jo 39.401t .
51920 120 31 341 12 35 31,459
| 6 1920 100 32 341 12 35 45.803 |
12 14 15 14 11 10 11 1t ? <] ? 12 Z L2 13 15.
b 15 164 17 14 13 11 10 t1 1) 10 10 11 5% 5 16
| 14 15 14 16 14 13 12 10 9 8 10 10 12 44 13 ial
. . . MIC(27)
] - *
I _ o
3 | 8 10 9 7 6 6 7 5 5 2 2 3 6 4 4 s
6 7 9 8 b 6 7 7 6 3 1 1 3 3 2 2
: l 6 7 8 9 8 8 10 11 8 6 5 5 5 6 7 8
3 9 10 9 12 13 12 10 11 10 9 10 8 7 8 7 8|
; 6 9 12 14 13 13 1t 12 13 13 11 10 7 o & 7
| . . - I M1C(28)
l - . et
3 0 0 1 2 3 2 1 3 2 2 2 4 4 3 1 -1
3 | -2 -1 -2 -1 [¢] 3 2 3 3 4 4 4 4 2 1 0
-1 0 o -1 0 2 3 a 6 7 4 3 S 5 4 3l
3 3 3 4 3 4 6 6 7 3 8 8 8 9 8 &)
| 5 3 3 4 4 5 6 8 10 10 9 8 9 8 7 7
1 . ' MIC(29)
‘ 4 3 3 0 1 ) 1 -1 -1 2 k] 2 2 2 4 4l
3 1 0 o -1 o -1 -1 0 2 3 2 2 3 4 4
4 4 4 3 1 2 2 2 1 1 1 4 5 6 8 8 7
A l 8 10 9 5 3 3 5 6 4 3 5 7 8 9 10 11]
4 10 9 7 8 10 10 8 7 7 ) 7 8 11 11 13 14
[ : | MIC(30)
l . . "
6 5 5 6 & 7 4 3 2 2 3 5 3 3 4 5
4 6 7 7 6 7 3 6 4 0 2 1 2 4 6 6
| 7 $ 10 11 10 10 11 10 8 5 3 4 6 & 5 8
8 9 12 13 13 13 14 14 13 11 11 9 10 9 9 10
| 12 12 12 15 18 17 18 17 17 15 14 13 14 15 14 14‘MIC(31)
N !
l -11 15 -17 -18 -20 -22 -24 -27 -23 -28 -28 -32 -33 -39 -38 -37'
| -37 -35 -3 -32 -28 -0 -23 -20 -18 -15 -12 -$ -7 -4 -1 2l
7 10 13 18 22 24 27 30 32 35 35 3% 5 36 35 35
| 34 31 29 29 31 31 29 27 24 20 18 16 17 13 7 2
1 -1 -1 -4 -5 -5 -7 -6 -3 -2 -4 -5 -5 -3 -4 -4
| :MIC(32)
| 7 4 3 4 3 3 1 2 6 4 4 5 4 5 7 7 i
| _6__7_ _ 4 _2_ 2 _ 3 _ 3 1 __ 4__5_S5__7 _8_ _8 _8_8 i

Figure 2., Illustration of Data File Format
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f = Second of Pass shot
g = Effective temperature in Deg C. for shot
h = Wind direction in MILS
i = Wind speed in KNOTS
I2

——

Line 2: 6 _  SOURCE 1 MIKE ARRAY B FILE (S1-D341-MB-1.)
a b

a = Number of microphones

b = Indication of source position, microphone array and file identi-

fication
12 14 I3 12 13 12 12 F6.3
—— P o~ b A eiem A Ay
Lines 3-8: 1 1920 _ 120 27 341 12 36 _ 35.611
a b c d e f g h

a = Microphone index J

b = Number of values per microphone in record

¢ = Number of lines of data for each microphone
d = PASS microphone number: MIC(J)

e = Starting day of microphone record

f = Starting hour of microphone record

g = Starting min of microphone record

h = Starting second of microphone record

F5.0 F5.0 F5.0
e, e e~ . " A gt
Line 9: _ 12 14 - -+ _ 15
al ai 316
ay = value of microphone 1 at time i = 1,..., 16
Line 10: a, = value of microphone 1 at time i = 17,..., 32

Line 128: a,; = value of microphone 1 act time i = 1905,..., 1920




In a similar fashion

Lines 129-248: values of microphone 2 at times i =1, 2,..., 1920
249-368: values of microphone 3 at times i =1, 2,..., 1920
369-488: values of microphone 4 at times i =1, 2,..., 1920
489-608: values of microphone 5 at times i =1, 2,..., 1920

€09-728: values of microphone 6 at times i

"
=
-
N
-

..., 1920

3. Bringing in Data from Master File. 1In the original version of the
program a subroutine was provided by PSL to read the data files and transfer
this information to the SMIC(J,I) indexed array. In the present version the
new subroutine RDATA(SMIC,MIC,IDAY,IHOUR,IMIN,SEC,TEMP,MILS,KNOTS) was written
to obtain a desired output format and include meteorological and other cata-
loging information. A Fortran listing of the subroutine appears in Appendix B.
To bring in the data to the program arrays simply requires the Fortran state-
ment :
______ CALL RDATA(SMIC,MIC,IDAY,IHOUR,IMIN,SEC,TEMP,MILS,KNOTS)

The indexed arrays: SMIC, MIC, IDAY, IHOUR, IMIN, SEC are described in
the previous section and represent the values and starting time information
for each microphone signal, while the TEMP, MILS, and KNOTS are defined below.

TEMP

Effective temperature at the time of the shot in degrees Centigrade

MILS

The angle of wind in mils at the time of the shot
KNOTS = The speed of the wind at the time of the shot

B. Determination of Time Windows and Energies

In many cases the time intervals of the received signals are much larger
than the transient signal searched for and if the correlation procedure is used
on the entire length of each signal an exorbitant amount of time would be con-
sumed. Therefore, windows are established around the location of the signal
bursts. This part of the procedure consists of computing rough arrival times,

starting points for windows and the energies within the windows.
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1. Computation of Rough Arrival Times. The rough arrival times are deter-
mined by the use of an energy detector for each signal. That is the energy
within a sliding time window (I, I+NSW) is calculated for all values of time I

equal 1 to NL-NSW. The point in time I X for the Jth microphone signal where

MA
the energy is maximum is called the rough starting time LRST(J). If X(J,I)
I=1,2,...,NL is the input to the energy detector for the Jth signal, the
running value of the energy within the Jth sliding window becomes
I+NSW
E(J,I) = ) sMIC%2(J,k) I=1,2,...,NL-NSW
k=1
LRST(J) = value of I such that E(J,I) is maximized.
2. Computation of Fourier Window Starting Points. The starting point
NR(J) for the Jth signal Fourier window is selected by bracketing the rough
starting time on both sides by NSW/4. Care must be taken to make sure that

the beginning and ending points of the window remain within 1 and NL. This

is done by making the following assignment for NR(J).

1 if LRST(J) - NSW/4 <1
NR(J) = { LRST(J) ~ NSW/4 if 1< (LRST(J)-NSW/4) < NL - 3NSW/2
NL-3°NSW/2 if (LRST(J)-NSW/4) > NL - 3NSW/2

3. Computation of Signal Energy within the Fourier Window. Once NR(J)
has been determined the energy within each Fourier window can be calculated as

follows:
NR(J)+3NSw/2

EQ) = ) SMIC? (J,k)
k=NR(J)

The starting point of the Fourier window and signal energy are then printed
out for each microphone.

C. Prefiltering Operation

In many cases there is noise present on the lines during the duration of

the signals. The noise could come from a wide variety of sources including




wind noise, sixty cycle interference, and machine related noise. To charac-

terize all these noises analytically becomes almost impossible. The program
was designed, however, to try to minimize the effects these noises would have
by prefiltering the data. This was done by using estimates of the spectrum
of the noise, and the spectrum of the signal plus noise.

1. Determination of Starting Point for Noise Window. The noise window
for each signal, selected to be before the Fourier window which contains the
signal plus noise, consists of 512 points consistent with the Fourier window
in size. By keeping the windows the same size the determination of the pre-
filter and application of the prefilter is simplified. The starting point for
the noise window for each signal was determined by

Start Point (J) = NR(J) - 512
If this was less than zero for some J then the starting point for the Jth noise
window was set equal to the first data point of that signal record. Since most
of the data records had over 500 samples, i.e. 500 msec worth of noise preced-
ing the signal, few cases of signal and noise window overlaps were reported.

2. Determination of Estimate of Noise Spectrum. For each pair of sig-
nals SMIC(I,L) and SMIC(J,L), and respective noise window starting points KXX
and KYY, a rough estimate of the noise spectrum is desired. The estimation
procedure used was that of obtaining the spectrum for each signal and simply

averaging the results. To provide a spectrum compatible in samples the FOURG

SUBROUTINE was used on each of the following signal vectors.

512 samples 512 samples
N

- ~ —A—
[SMIC(I,KXX), SMIC(I,KXX+1),..., SMIC(I,KXX+511), O, O,..., O]

XX

YY

[SMIC(J,KYY), SMIC(J,KYY+l),..., SMIC(J,KYY+511), 0, O,..., O]
The addition of zeros will not alter the spectrum determined and provide the

proper frequency indices. The spectrum was then estimated by
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FOURG(XX) - FOURG*(XX) + FOURG(YY) + FOURG(YY)
2

Spectrum for noise =

The noise spectrum was stored back in the real part of the complex array
YY(), L = 1,2,..., 1024.
3. Determination of Estimate of Signal Plus Noise Spectrum. For each

pair of signals SMIC(I,L) and SMIC(J,L) and respective Fourier window starting

points NR(I) and NR(J) the following signal vectors were defined.

512 samples 512 samples é

~ ~ W —_ “
XX = [SMIC(I,NR(I)), SMIC(I,NR(I)+1),..., SMIC(I,NR(I)+511), O, O0,..., 0]
ZZ = [SMIC(J,NR(J)), SMIC(J,NR(J)+1),..., SMIC(J,NR(J)+511), 0, O,..., O}

The signal plus noise spectrum was stored back in the real part of complex
array XX(L), L =1,2,..., 1024,

4. Computation of Prefilter Values. The prefilter that is to be applied
to each pair of signals was selected to be of the form

H(L) = o (L)/ (g (L) + <I>nn(L)) L=1,2,..., 1024

where ¢SS(L) and ¢nn(L) represent the value of the energy spectrum density of

signal and noise respectively at index L. Since the ¢SS(L) was not known the

prefilter frequency response was written in the following equivalent form

H(L) = 1 - 6, (L)/ (4, (L) + ¢ (L))

Since only the estimates of ¢ (L) and ¢ (L) + & (L) are available, care
nn ss nn

must be taken to insure that H(L) does not go negative. The program uses

Real (XX(L)) and Real (YY(L)) to represent ¢SS(L) + @nn(L) and ¢nn(L) re-

spectively and defines PRC and PRD as

PRC

REAL (YY (L)) /REAL(XX(L))

PRD

I

REAL (XX(L))
The prefilter value ZZ(L) at frequency index L is described as follows for

L=1,2,..., 1024,
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(0,0) If PRC > 1
ZZ(L) = (1,1 If PRD < .001
CMPLX(H(L) ,H(L)) otherwise

5. Application of Prefilter. Once the prefilter values have been deter-
mined and the product of the DFT of each positioned signal is eventually put
in Y(L) L = 1,2,...,1024 the prefiltering operation is done simply by multi-

plying each frequency component by ZZ(L) that is

ZZ(L) CMPLX (PREF,PREF)

Y (L)

Y(L)Y*ZZ (L)

6. Application of Comb Filter for 60 HZ and Harmonics

The power spectral density was obtained for microphone noise signals
from the PASS experiment showing dc¢ power, power in 60 HZ and harmonics, some
low frequency wind noise, and some unidentified interference of approximately
7.8 HZ and higher harmonics. An example appears in Appendix C. To minimize
the effects of these interferences a comb filter including a low pass filter
was applied in the frequency domain. For the 1024 point Fourier transform the
frequency indexes and corresponding analog and digital frequencies are given
by:

index digital frequency corresponding analog frequency

k (k-1)-21/1024 radians (k-1) +2m/1024T radian/sec
Since the time T between samples is 1 msec for the PASS data the corresponding
analog frequencies are spaced 2m/1.024rad/sec or .97656 HZ apart. The D.C.
component index is one. Since 60 HZ and harmonics do not fall exactly on in-
dex numbers this causes a leakage to a band of frequencies that must be con-
sidered. The apparent index given in Table 1 is determined by:
Apparent index = freq.(1.024) + 1.

The ubper index band required because of symmetry of the DFT is determined by

ky = 2*NPFW + 2 - k = 1026 - k
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TABLE 1 Comb Filter Frequency Bands

Frequency Apparent Lower Index Upper Index

Identification Band Index Band k Band ku

a D.C. 1 1 1

b 0%-7.8 Hz 1-8.9 2-10 1016-1024

c 60 HZ 62.44 60-65 961-966

d 120 HZ 123.88 121-126 900-905

e 180 HZ 185.32 183-188 838-843

£ 140 HZ 246.76 244-249 777-782

The index information for the comb filter was given in the following data card

DATA MCOMB/1, 2, 10, 60, 65, 122, 126, 183, 188, 244, 249/

- v v Y —— Y
a b c d e f

The comb filter was applied by setting the values corresponding to the index
bands equal to zerc in the frequency domain output of the pair by pair corre-
lation.

D. Pair by Pair Correlation

The pair by pair cross correlation ny(L) of the windowed signals is

accomplished in the frequency domain by use of the FFT algorithm. That is
ny(L) = IDFT[DFT(X (L)) *DFT*(y (L)) ]

Since the above operation performs circular correlation it is necessary to
position the data signals X(L) and Y(L) such that the circular and linear
correlation are the same. The * means complex conjugate and is needed to
provide correlation rather than convolution.

1. Positioning of Signals for Determining the Cross Correlation. To

obtain linear convolution resulting in proper correlation, the signals SMIC(I,L)
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and SMIC(J,L) L = 1,2,...,512 are positioned as follows
L 1 -- 2 cee 512 513 514 Tt 1024
Real X(L)  SMIC(I,1),SMIC(I,2),...,SMIC(1,512), 0 0 e 0
Imag X(L) 0 0 vee 0 0 C v 0
Real Y(L) 0 0 .. 0 SMIC(J,1),SMIC(J,2),...,SMIC(J,512)
Imag Y(L) 0 0 e 0 0 0 ce 0

2. Finding the Raw Time Differences between Windowed Signals. Once the
DFT(x (L)) "DFT*(Y (L)) is prefiltered and comb filtered the cross correlation
ny(L) is obtained back in the real part of array Y(L) L=1,2,...,1024 by taking
the Inverse Fourier Transform. The Fortran statement uses a +l1 to indicate in-
verse as follows.

______ CALL FOURG(Y,1024,+1, WORK)
A search is then performed on lReal(Y(L))|, L=1,2,...,1024 to obtain the maximum
value CMAX of the cross correlation and the time TMAX of the maximum value. Be-
cause of the positioning of the signals the raw time difference is then given by
TAU(I,J) = TMAX - NPFW - 1

3. Determination of the Normalized Correlation Coefficient. The normalized
correlation coefficient GAM(I,J) is obtained by dividing the maximum value by the
square root of the product of the energies and is given by

GAM(T,J) = CMAX/((E(J)*E(I)) **0.5)
If the signals [SMIC(I,L)] and [SMIC(J,L)] are identical in shape but of dif-
ferent amplitudes the GAM(I,J) will be equal to 1. If there shapes are signi-
ficantly different the value of GAM(I,J) will be approximately zero. 1In this
way the normalized correlation coefficient provides a measure of similarity of
the two signals tested.

4. Determination of the Rough Time Differences between Signals I and L.

The raw time difference represents the time difference between the signals in

the windows. To obtain the rough time differences between microphone signals
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the raw time ditfference TAU(I,L) must be adjusted by the starting times of the
windows as tollows

RTAU(I,L) = FLOAT[IT(1)-IT(L)] + TAU(I,L)
These rough time difterences TAU(L,L) I[=1,2,...,NMIC, and L=1,I+],...,NMIC
are part of the input to the least square adjustment section.
E. Determination of lLeast Square Time Fit

The rough time difference RTAU(IL,J) and normalized correlation coefficient
GAM(L,JY I=1,2,...,NMIC J=1,2,...,NMIC are now used to obtain a consistent set
of time differences by using a weighted least squares procedure. Each step in
the procedure is described in the following paragraphs.

1. Establishment of Weights for Least Square Time Fit. A weight is at-
tached to each one of the rough time differences indicating a measure of relia-
bility of those estimates. The wmeasure or weight G(I,J) assigned to RTAU(I,J)
is defined to be a function of the normalized correlation coefficient GAM(I,J).
Different functional relationships have been played with, but at present no way
of favoring one over the others has been established. The program in the present
form uses the f..llowing weighting.

G(I,J) = (GAM(I,J))? if GAM(I,J) < 0.5

u

(GAM(T,3)) /2 if GAM(I,J) > 0.5

This attaches slightly more influence to time difference values that have a
normalized correlation coefficient greater than 0.5 over those that have cor-

relations less than 0.5.

2. Determination of Least Square Time Fit with MIC 1 as a Reference.
The weights G(I,J) described above are used to define a measure of performance

e given by
NMIC NMIC
e=) ) ©(1,3) (RTAU(I,J) - (TIME(I) - TIME(J)))?
I>J3 J=1
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The objective is to find the times TIME(1) 1=1,2,..., NMIC such that e is mini-
mized. A solution of this problem for G(I,J)=1 is given by the Author [3] and
requires solving for n microphone signals a set of simultaneous linear equations
in n-1 unknowns when a given microphone has been selected as a reference. In
Appendix C a solution for arbitrary G(1,J) with MICl as a reference is presented

resulting in the following set of simultaneous equations in t; where ts is the

relative time of arvival of the ith signal.

Q51 FG(l,l) G(2,3) G(2,4) G(2,5) G(2,6)- ( t1-

0,3' G(2,3)  G(2,2) G(3,4) G(3,5) G(3,6) t,

a“l= - 1 G(2,4) G(3,4) G(3,3) G(4,5) G(4,6) t,

a, G(2,5) G(3,5) G(4,5) G(4,4) G(5,6) t,

] _c<2,6> G(3,6) G(4,6) G(5,6) G(6,6)J e
where

G(1,1)=-(G(1,2)+G(2,3)+C(2,4)+G(2,5)+G(2,6))
G(2,2)=-(G(1,3)+G(2,3)+G(3,4)+G(3,5)+G(3,6))
G(3,3)=-(G(1,8)+G(2,4)+G(3,4)4G(4,5)+G(4,6))
G(4,4)=-(G(1,5)+G(2,5)+G(3,5)+G(4,5)+G(5,6))

G(5,5)=-(G(1,6)+G(2,6)+G(3,6)+G(4,6)+G(5,6))

and
a, = - G(1,2)R(1,2)+G(2,3)R(2,3)+G(2,4)R(2,4)+G(2,5)R(2,5)+G(2,6)R(2,6)
o, = - G(1,3)R(1,3)-G(2,3)R(2,3)+G(3,4)R(3,4)+G(3,5)R(3,5)+CG(3,6)R(3,6)
a, = - G(1,4)R(1,4)-G(2,4)R(2,4)-G(3,4)R(3,4)+G(4,5)R(4,5)+G(4,6)R(4,6) i
o = - G(1,5)R(1,5)-G{(2,5)R(2,5)-G(3,5)R(3,5)-G(4,5)R(4,5)+G(5,6)R(5,6)
Qg = = G(1,6)R(1,6)-G(2,6)R(2,6)-G(3,6)R(3,6)-G(4,6)R(4,6)-G(5,6)R(5,6)
with

R(I,J) = RTAU(I,J)
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This set of equations was solved by using the GJR subroutine package from the
1108 Large Scale Systems Math Pack which is fully described in [5]. The sub-
routine is accessed with the following call

__ CALL GJR(A,6,5,5,6,$400,3C,V)
abcde f g h

where

1 = augmented coefficient matrix

b = maximum number of columns in A

¢ = maximum number of rows in A

d = the number of rows in A

e = the number of columns in A

f = statement number control is returned if an overflow is detected

g = control array

h = on input V(1) is the option indicator,which to solve equations is 4,
on output V(2) contains the value of the natural log of the absolute
value of the determinant and V(1) contains the sign of the determi-
nant

On output the last column of A is the solution vector [tz,t ...tG] and is

3
called AT(2),AT(3),...,A6). Since microphone 1 was defined to be the reference,
AT(1l) is set equal to zero. The AT([I] represents the starting time for the
signal in the Ith window relative to the signal in window 1.
3. Adjustment of Time Differences. Using the AT vector,a raw corrected

time difference can be found by the difference of the components

TAU(IL,J) = AT(I) - AT(J) I=1,2,...,6 K J<6
The least square corrected time difference in milliseconds can then be formed by

CTAU(I1,J) = TAU(I,J) + FLOAT[IT(I)-IT(J)]

4. Selection of MIC to be used as reference. To select a microphone as

a reference for determining the relative times for the position estimator requires

smbie,
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a specification of a performiance criterion. We would like to select the MIC
as reference that gives the best possible relative times for the position esti-
mator. Upon examining data, it was found that position estimates were sensi-
tive to the selection of a MIC reference even though a least squares precedure
had been performed on the time differences. No direct relationship was es-
tablished however and the following procedure represents a reasonable wav to
select the reference with no sense of optimality implied. As the normalized
correlation coefficient is a measure of reliability of the time differences
determined, the sum of the correlation coefficients for all time differences
associated with a particular microphone represents a measure of reliability
of the time differences for that microphone. This measure was called CMEAS(I)
[=1,2,...,6 and given by
6
CMEAS(1) = ) G(I,J)
J=1
J#1
The value K for which CMEAS(K) K=1,2,...,6 is a maximum is called KMAX and
represents the number of the microphone to be used as a reference. In the out-
put of the times for the position estimator the reference microphone is identi-
fied by having the time 0.000.
5. Determination of Relative Times for the Position Estimator. The
position estimator USRAN1[1l] requires six relative arrival times and the
proper meteorological data as input to determine the position of the source.
The number (KMAX) of the microphone signal that was selected as a reference
was determined previously. To find the times relative to this microphone
could be easily accomplished by filling out the lower triangular part of the
CTAU(T,L) array with the negative of upper triangular part. In this way the
time differences with respect to each microphone appear on the rows of CTAU(I,L)

and the selection of the KMAX microphone corresponds to selecting a row.
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F. Printing the Output

An example of the overall program output format is given in Figure 3 and
consists of the four basic parts described below.

1. Shot Information. The header information is in reference to the data
files from the PASS experiment and gives the day, time, and position of the
shot as well as the position number, starting times and lengths (MSEC) of the
data record for the microphones recording.

2. Window Information. The window starting time in MSEC determined by
the program relative to the starting times for each microphone record are

! given along with the signal energy within the window. The microphones numbered
1 through 6 correspond to the normal ordering of the PASS microphone numbers.
The window signal energy and starting time could be used in an interactive
mode (not programmed at this time) to allow the operator to check if a signal

é appears in the window or not.

3. Time Differences Information. The normalized correlation coefficient,
time differences in MSEC, and corrected time differences in seconds are given
for each pair of microphone signals. These results may be used to infer the
overall reliability provided by the normalized correlation coefficient and a
measure of consistency by examining the changes made in the rough time dif-
ferences RTAU(I,J) to get the corrected time differences.

4. Met and Timing for Position Estimator. The times in seconds and the
Met information that could be used as input to a position estimator are pro-
vided for interfacing purposes. The timing information appears in an array
TIME(J) J=1,2,...,6 while the temperature, wind direction and wind speed are
labeled TEMP, MILS, and KNOTS respectively.

ITIT. USING THE PROGRAM
The procedure given in this section will apply to the use of the program

on the WSMR UNIVAC 1108 system. Presently the program is stored under file
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name and element LCLPF.SOUNDR in both a symbolic and absolute form. The

following control statements will execute the program;

GASG, AZ S3-D341-MB-1, Assign data file to run
@USE 12., S3-D341-MB-1 Use file S$3-D341-MB-1 as logical unit 12
@XQT LCLPF.SOUNDR Execute program.

If the program is to be executed on another computer a duplicate of the
symbolic form of SOUNDR must be obtained and if a different data structure is
to be usea the subroutine RDATA must be rewritten. The main program and sub-

routine can then be compiled on the computer to be used.

IV. RESULTS
The program LCLPF.SOUNDR was run using various signals from the PASS ex~
periment as input. The results for the test shots given in Table 2 are shown
in Figures 4 through10. The times and Met data indicated in Figures 4 through

10 were used in a position estimator program resulting in the Miss distances given

in Table 3.
TABLE 2, PASS Data Shots Used in Program Testing
UNIVAC 1108 Identification
File No. Source Day MIC Array Number
$1-D341-MB-1, 1 341 B 1
$1-D341-MB-2, 1 341 B 2
§2-D341-MB-1. 2 341 B 1
$2-D341-MB-2, 2 341 B 2
S2-D341~-MB-4, 2 341 B 4
$3-D341-MB-2. 3 341 B 2

S§7-D341~MB-2. 7 341 B 2
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Figure 9. Results from PASS shot S3-D341-MB-2.
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Table 3.

Miss Distances for PASS Data Examples

Distance to

Ratio of Miss

Fig. Miss Distance Center of Array Distance to
File No. No. (Meters) (Meters) Total Distance
S1-D341-MB-1. 4 430.0 12,678.5 .034
S1-D341-MB-2. 5 195.5 12,678.5 .015
S$2-D341-MB-1. 5 176.4 11,784.8 .015
$2-D341-MB-2 7 192.8 11,784.8 .016
S$2-D341-MB-4 8 1015.2 11,784.8 .086
$3-D341-MB-2. 9 395.54 11,471.9 .034
S7-D341-MB-2. 10 291.8 16,900.7 .017

w—— A



V. CONCLUSIONS

The present edition of the "Time Difference Estimator Program” has been
presented in the first three sections of this report and the results from its
application to a number of arbitrarily selected signals from the PASS experi-
ment was given in the fourth section. The results show good time duration esti-
mates, based on the concept of miss distance; however, one should realize that
with only seven samples not much can be said of the programs statistical per-
formance other than it is looking very promising.

From Table 2 and Figures 4-10 it is seen that the program satisfactorily
determined relative times such that target position could be estimated with
miss distances around two hundred meters for targets of about twelve kilometers
in range. It appears that as one would intuitively expect, correlation coef-
ficients much lower than 0.5 for the time differences, Figure 4 and Figure 8,
result in the considerable sized miss distances given in Table 2.

The application of the progiam te existing data has pointed out need for
further research into several areas in order to improve the procedure.

(1) In order to eliminate inaccurate data a threshold value for the
correlation coefficient must be determined for which the associated
time difference estimates with less than that threshold are claimed
unreliable and discarded.

(2) A procedure should be developed to assign realistic weights for use
in the least squares procedure perhaps as a function of the normalized
correlation coefficient.

(3) The overall effectiveness of the procedure should be established by

providing the variance or a bound on the variances of the time




difference estimates. This will require a theoretical development
along with an examination of a large amount of data for experi-
mental verificarion.

The program should be altered to present a workable procedure for

handling the multiple target problem,

30



— e e e e

—

PRV

-

NS

PR RS I S vy

-

e s

el

[V sl siw!

oo OO

APPENDTX A
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| TS (O N R Y 2 0 SR B B s Tl | PO I R Y I T
GLNFRAL U8 LS TON S TETS Phunkahm Wiy aerae o a G i bl e
OF MICteurnodt STunalY LAacH CONTOs e o =0 P U TE Ja et o
OF Aty POINTS LIOM GV Dtk BNTaO U iemec b Sl Tk T e dae TH
UL EERERCES BUTTWLT N S LORGL BLG TS THG T ACTEA Wi ie Tl
BLCORD LENGTH,
LTS Lo Lt Gy LUk MAN
FILLC e Adle Comburtle Kb, DT,
NIZW MLXTCO SIATE URIVESTTY
Lo CRULESGy (W MEXTCU seh03
TELERDRZS 0 -640 - 1321
GLOUSSARY OF VAIKIARLESS
NMTIZ - NUMELR O MICROFHORES
NL= NUMELR OF LaATa FOINTS Ui DAGH MICTOFHONE
NS NUMLER OF 0017w I S0P ENG W vhiolW
MEFW= NUNMRCY OF POINTS TN THE FulRIER WIHTOW
Sl Cdel s GloNal AMPILLITUOL Fote MIC 0 A0 TIemt I KEIATIVE T00 T«
ITC )= SonaRTING Tk TOl AalrRUrHONE  F Ty @sl L RECLAT S e p
LRSTCIY = KOUGH S1ARCING FOINT FORF MICKOF W 0 WLLATIW To 1]
NECLY = START TUME bub FOWIER WINGLW o n_ 10 1 RELG T T e
ECem PRERGY WITHIN COSKIEATION Winiiag 3 0l 10N
atic s ) Bbd TTME DHEUURLe8E 2 THELE Whieed b STnne o J o o
WIAtc Ly ) = OUGH TIML oM FLEFE QUL S rdl w el ROPHIDNES ) Al
OF tEROINC L L Cuball ST Lo
CrhalJo Dy i) TMEENUETE TIME Lr LR el BETWEC e i CROF MO &dl o)
FEAST SOuatdsh PR F LV ORLE AT IV )
GAMCL o0 - NORMAL IZED CORRELST LON CSED BE TR e 0 wve ] s
Ly KEL TALH TTY WETOHT aSS1oNEL Ty At b« b Tul THE
LEAST SUUARE v C util
AT Tlel pbElRERENCE b STosal b kLY ATIVE TO MIc 1 Lioid
Pl WELATLVE  Tamlc vF THE f 0 TIHE St Pl FOULIT ey Tl it
fldel: GHOMERTETE GO b E JC I T Mkl x i Piaast Suuaky 1T
1Sy ] CORITine walc bRt E8 FOR SUBRAUTIRE o e
Yol Ualk badd L S Vol flle VO2) 10K U T Tor GOk GOLR0UT o
Vol e Gy - R RALE S ol AGURE OF CORI ATy Fids mie 1
R STARLLING AND S TOFIPTHG F WUHERCY Wi DG PO €0 1L
COrf AND L OW 0G VTR
LA ] 1 TH WMokt DT SLONSL FOUNW CEOSS CORKROLATIoN- [
I TH vALhe OF FOURTER TRASEOKN uid Qd T
Yo Lo valur of SFLOND STuiAal FoR CIk05s CORRLELATTON 1
I TH VALUL Ul FuIRTER THRANSTORM ON QUTEOT
WOk Ty - WOk SCL SEECTE TIZD Ty ek SUniou T INL
L0 1 TH VALUE OF ISEImATC OF NOTSE LNERGY  SELZC TN
Y1l 1T VAaLUL OF FSTEMATE O LHGedl FLUS NGTOSE wb b0 ThUm
LoDy vatul OF FREFIFTEK AT THE 0 T wlUE NCY
[y CTy - iy OF THED START OF THE 1 ih MICROEPHONE S TONAL
THNUC Ty HOUR OF il START OF THE 1 1 MICRDUHONE 5 1unAlL
IniNch PRI O THE Tl OF THIC TR o URUEPHUNE 5 T0eS
Shtzel GUCOND CF THT vl 08 THG b ot on Lo icGETIONEL 5 LNy
MICCHy = ALS FICKOFDOME  NmEBELE SS90 TETT e WETHE M EOTEGRE

i
1
!
i
!
i
i
i

Pl :
i
i
i
i
)
1

1)

17,

[

Tt

by

S

(i

[N EA

RN




fHutt [HITTAL LZTNG
s1:C
623 UTHL NG HON TDAY (&) 5 THOUR CA) s IMLERCS) s SEC (6 vMICCS) » TIME (6
633 DIMENGSION TAUCS ey TTCA) s NIRECE) oI (6 R 1AUCHY &) s CTAU Ay L v (s )
4 593 DEAENGTOR SHICCA 17700 RETC) v Gl br b st F(h) s ACore ) s JULLD s WLD)
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Lé COMFIIX XC1029) p YOI OZA ) s WOI 1040 s X2 CLQ24) o (Y C L0 "3y 201 024)
578 NMLL S
&9t NI -1920
892 MSW- 340 |
7078 NIE WG
5 71:¢€
7250 BRINGING [ DATA FROM MASTER F Tk
4 73:C
b 743 CALL KOATACSMICyMICy LAY« THOUKy EMIN s SFCr TEME » MILS - kNOT5) 1
758 0O 50 1s1eNMIC
74¢ ISFC=8ECT 141000
g 77 LTI =THOUKC D) X404 60K E000 ¢ IMINKAO¥ LOGO+ISEC
3 783 50 CONTINUE
79:C
300 COMPUTATION OF ROUGH AKRIVAL TIMES
3130
g2 OU 100 J=1 yNMID
CRH 1E:0.0
$a: EHAX 0.0
851 LLMAX 50
Y DO 9O Kol eiSW
a7 UG IC Gy ) ASHTE E Jek)
g3t L
y 5y 90 CONTINUE
g P03 EMAX=TE
4 51 _ v}
Pt NL L NS
731 00 9% Nl el
941 YE s TEASHLICCD, NGWIR Y ASMLIC CDy (B3W I~ SMEC (a0 $SHTCC Jrr )
0L TFCTE LT EMAX: 6D TO 95
; 76 EMAXETE
37 LifaN=N
81 5 ST TNUE
T LIAT ) LA X
{ LO0T 106 CONTIRUE
10130
1020 COMPUTATLON OF WINDOW STARTING FOINTS
10430
10As 00 110 1=LlyHMIC
1053 [NSW=NSW/ 4
106 M LRST (LY~ INSW
107 TFMRSTVGT 0 GO
Log: NRCTY =0
1098 GO TO 110
116 105 CONTINUE
11 MF N MW
iz TECMRES T To/) GO TG Lué
113 NECTY =3t
LA ITCIY P77 NI
11 GO0 Lo
VL6 104 olRCEY LRST by - [resl
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1ot UIEET LNG THIL Uidiow S TaRT NG Tiel s
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12060 2010 FORMAT(LX»e L0

1000 C

12000 COMEDTATION OF SLOGMNAL LRERGY WETHIN FOURICR Wiitogw

130:C

r32e LO L1 Jr1yNMIC

1333 SUM- 0.0

1343 LGTAR NR(JIHE

1352 S TOR -HR G HNFFY

1348 0O 112 R=RKSTAORyRSTOF

1373 I MLC (k) ASMIC I

138¢ SUm: SUMHR

139: 112 CONTINUE

140° 115 =) =5UM

141:C

14250 FRINTING THE SLIGHNAL ENCKGY WITHIN LAl W LRDOW
148C

1441 WRTTE (&¢ 2007

1453 2007 FORMAT(//7 THE SIGMAL L kG WLTHIN FACH WINDOW? /)
1468 WRITEC(Sy2014)

1azs 2013 FORMAT? [ A MiL 2 MIC 3 Mlc 4
1482 MIC O MIC 677
1478 WRITL CH 200K

1508 2008 FOKMAT(6(F13.0))
FOSTTIONING OF SIGNALD | OR DETERMINING THE CROSS CORRELATION

0o 200 L=1s9
Ni=0+1
00 100 SR Tl C
=R
oo 20 Lslenll
Al =NA+H.
Sr=SMICT KAL)
X L) =CMPLX (811,002
YD) =CHPLX{0.0.0.0)
120 CONTINUE
0o 130 1L+513,1024
X (L) =CMPLX (0090, 0)
KE=NRCS)
Kot b RBHL-T12
SKkA SMLIC Iy RALED
YL =CMPLX (SRAL s 0,00
130 CONTINUL
CALLL FOURGEXy 10249~ Ly WORN)
CALL FOURGLY»1024. -1y WORKN)

ICTERMINATLON OF STATING I'ODINT FOIC NOIDE W1 NDOW

RXX=RNRCLI =513
KYY =Ny =013
00 1245 L Let12
LT=l4012
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SYY=SMICE JeMYY)
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GO TO
11é XX CMFLX(Q.0v0.0)
E GO TO 1148
(24 1172 YY) =CMPILX(0.020.0)
IvGE 120 TUONTINUE

DETERMINATION OF ESTIMATE OF NOTSE SEECTIRUM

CALL FOURG(XXy 1024y ~ 1o WOIK)
CALL. FOURG(YY 10244~ 1 »WIRK)
L3 135 L=1,1024

ZZCL Y =CONIGLAX L))

XX ) s XA RIZL)
ZLOL)=CONJGCYY (L))
YY)« Yy (LIKZZ )

YY) = CXX L a4 2241y /20

LETERMINATION OF SSTIMATE OF CLGNAL FLUS NOTSE SPEC TRUM

2201y Y

Y =CONJG Y (L))

XACL Y =0y SZ (s
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Z2C ) 2700 % R (L)

XA = XX D220y /2,

COMFUTATION OF RV TUTER USLUE S
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Q0
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2098 GO TO P2

2301 719 FREF=0.,0
2310 721 CONTINUE

2322 ZLCL) =CHELX CGPRER » FREE)
2332 YUY =X kY L)
2342 YU =YLy 71024,

2350

2361C APPLICATION OF TREFILTLR
237:C

2342 YL =Y LW T I

2390




35

2903 AFPLICATION Of COAE VO I0K FOR 60 CYCLE AND HAKMORECS
2a1iC
2321 13L CONTINUL

2433 ONTA MCOMEZ 1. v L0260 4D 12191249 1839 184,044,249/
2443 MX-MCOMRCT S

2453 T ONXLLE . O) GO T 131

24613 Y1) =OMLX (0020, 0)
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: 132 CONTINUE
k 133 CONTINUE
¥ 138 CONTINUL
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2601:C
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2638 TMAX0)
24540 L (40 1L=141024
2852 CasREAL YLD
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2683
Jayl ThAX=L
2701 140 CONTINUE .
2718 TAUCE v I - THGX -NFFW-~1
27240

273:C DETERMINATION OF THE NORMALIZIND CORRELATION COEFFTCLLNT

2743C
2758 GCTy D) 20MAX/ CLECD XTI 2%kX0.0)
276 GAM (L J) =0

277% 190 CONTINW
2788 200 CONTINUE

2801C  LETERMINATION 0OF ROUGH TIME NIFFERENCES RLTWEEN GIGNALL L AND L
WRITE(5,2018)

WRITE(S»2017)
284% 2017 FORMAT (7 BETWIEN EACH FAIR OF MICHOFHONE STGNALS /)

2858 ng 250 Ixlsth
2868 KX=1+1
2873 00 240 L=RKXysNMIC

2082 RTAUCT » L) =FLOATCITCD -IT A HTAUCT v LD

2898 2016 FORMAT(//¢ THE CORKREINATIONs TIME DIFFLRENCES(MS8EC) y ANU CORRECTER
2908 STIME DIFFERENCESCSIC)Y )

2918 240 CONTINUIE

2928 2L0 CONTINUL

27350

27430 SELECTION OF MIC TO kB USED A5 REFERENCE

2953C

2941 CHENSCL) =GO v HG L3450 s a 461y FELT 0 6D

2973 CHEASCOY :GCI o2V EL(DPy 3I 40D+ A FGUDy ) FR (L0 6)
1 298 CHEAS (D) =Gy 26 (2o 3D 4GBy A1 1G (I G (Fen

2993 CMEASC =Gy D) HO(29A) O3+ ) FGCAP D) HGCA D !




RICEAEN
J1o:iu
31i:C

582

309

S
JY]

CHMEA O BCE DLy DD G, O (A T G &)
AL ta) L tuily ) LS A0 LGS 11006
L o)

iy vy T oleds

P CEMEAS T WL T L0y GO 1Ta 2y

CLoeMlas o)

=1

[NXTARSE N

LONT LHNUE

LOTADBL TOHMIZET OF WETOHTS FOK LEAGT SQUARE TIME 1 IT

260
hs
270

275

LDETERMIMATION OF LEAST SOUAKES TImE FIT WITH MICCL)Y @b REFERENCL

280

290

9%

) CUNSSTE U )

hU-T+1

[ 270 J:=hKUsb
IFCGILs ) LT.0.5) 6O TO 2864
GCLy ) =GAMCLY 3)XX0, 0

GO T 270

GCLy 00Ny DACANCLy D)
CONT TNUE

CONT IHUE

0o 290 [=1y4

KX=T+1

L 280 J=RXsh

ACT»dY--GITHTw I 1)

CXGUD DESNWEIN D

CONT INUL

CONTINUE

ACLy 1I=GCLy 2GR 3IHG(2 v A 4G22 AG204)

A2y 21=0GCLy TG 3)1G(Fp AN HG( Ay N HG (3 v S

AC3r3) 6Ly 4)HG(2y4) 4G (3545404289 +G (494

A4 =001y S G2y S GRS FLE (A S0 (L b
ACGYyS)=GCLr &Y G 040G (346G CAYEIHG (L b

AN=E=GCLy 2IKTAUCLy )G 2y 3 RTAUCIy 314G » AXXTAUC Ly 4)
ACLY&)=AATGI2y SIRTAUCD ) HG (28I XTAU(2 v 6)
BR:-GCLyZ2XTAUCLyZ) -Gy 3R TAUC2 «Z) 4G (3 DIXTAU3 DD
A2y &) =REFG (39 42K TAUCE s ) G T+ &Y RTAUC 3 &)

=Gy A)RTAUCT»A) -G (2 4IXTAULZy ) ~G(TvAIXTAUCE,4)
A(3r6)=CCHG (A5 TIXTAUCA5) G Ay ) XTAU(A94)
LDe=-Gll e SIATAUCL 2 D) Gy SIXTAUCZ vy G =GBy D) XTAUCE D)
ACAy6)=ID-6 AT XTAUCAYGIHG (59 6)
Gl S)ATAUCL Yy S ~0(29 82Xk TAUL2s6)~5{3s863TAU(3+6)
GAr ) ¥TAUCA26) -Gy &)KRTAU(G v &)

Ul)=4

CALL GURCA»EySrH269$400,JCyV)

DO 2935 RKeZyré
ATIK)=A(N~194&)
CONTINUIE

ADJUSTMENT OF TIME DIFFERENCES

0o 310 i=1,%

KT+=T+1

L0 300 J-hTens

FAUCT s D=ATAID-AT D)

CTAUCT» D)= 1AUCTy D HOLOATCTITCTY =TT ()

36




37
3803 CidiUvtedr -CIAUCL 1Y /71000,
J41ic
6200 PRINTING CORRELATION CUOUT AND RUDGH GHD CORKECTEND TIML DIV ERENGES
346340
1542 WHATECS»ZOOL) s Dy GAMCI s D) T drlTACLYy D e Ty 1sCIAUCTY. D)
3458 2001 FORMATCOXy? GAMtAC Tly 2715y ) TS 39y 27X "RIGUC LY e 9w Liw ) T ey
Ah6 0 Xy ’CTHUC  [Ly "y L1y 32 F&03)
3478 300 COMTINUIE
RE-TaM 310 CONTINUE
347:C
370:C DETERMINAT [OM OF RELATIVE TIMES FOK THE FOSITION ESTIMATOR
3r1:C
X728 0o 620 L=1s%
3738 KX-=1+1
3743 DO 410 LhXyMNiHlC
37598 CTAUCL » T =-CTAUCT L)
3768 610 CONTINUE
377% 620 CONTINUE
179 N0 440 J=1yv5
379 IFCHaNERMAXIGO TO 630
3802 TIMECS) =0.00
3t G0 TO &40
39825 430 CUNTINUEL
3030 TIME (A CTAU G KMAX)
3g4: 440 CONTLINUE
335:C
33463C  FRINTING THE RIZLATIVE TYIMES FOR FOSTTION ESTIMATOR
3372
3683 WRITE (&9 200D)
389 200Y FORMAT(//7 THE TIMES IN SEC TO BE USEDR FOR INFUT TO A BOSTTION £937
390 JIMATOR /)
3913 00 503 I=1yNMIC
392 WHITE (L2002 T TIMECL)
3930 2003 FORMATC3OXy “TIMEC Iy 2:=0"7,3y* SEC’)
3924% 503 CONTIMUL
3938 WRITE(4,2025)
3940 2025 FORMAT ()
3y7ic
39830 OUTFUTTING THE MET INFORMATION
399:C
4003 WRITE(&92021)
4013: 2021 FORMATC(Y THE MET TO A BE USED AS INFUT TO FOSITION ESTIMAIOR’ /)
4023 WRITE (6 2020) TEMF
A03: 2022 FORMAT(3I2Xy ¢ TEMP= ‘F4,.1y* DEGS £.7)
4043 WRITECAy2023IMILS
40358 2027 FORMAT(22Xy " WIND T4y’ MILS’)
406 WRITE (S 2024)KNOTS
407 2024 FORMAT(286X s’ WIND SFEED= 14y KNOTS)
408 GO TO 401 :
409 400 WRITE(45201%) !
4103 2015 FORMAT(30H AN OVERFLOW HAS BEEN DOCTECTED )
4113 401 CONTINUE
a12: sT10r
4138 END
AR : e " ifar i, P
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APPENDIX B ]
Subroutine RDATA Program Listing
1:0
25 SULKUIL INE KDATA
3:C
as SURKQUTINE ROATACSMIC AL v IDAY y THOUR  TATH y SECy TE M) o 1HILG » 6HOTS )
5 HLMENSTON MICE) v IDAY (&) s THDUK (60 v it bNCA) s BILECE) » SHIC by 1920)
& INTLGER VALUES (&) sSaL
7 RICADCEIZy 11 I MINTOT » MEOKC » MLy MHy MM LN SSECy TEMF p 411 S i 12075 ]
8 111 FURMAT(TIZ e I3e IXy 3o 1Xs I0o kX L2y IXaF 6439 B3X0F A 1e i Xs 451Xy 120
P MEE=ME- 7
103 WRTTE S 115)
11¢ 115 FORMAT(///) 1
123 WRITECSs 112)MIy MHy MMINy SSEC
135 117 FORMAT(AXse’ DAY “I3»°% SHOT TIME “I2y7:71I2s7 HRS ‘Fé.35° SEC*)
L 143 REALBCLI2,221)
158 221 FORMAT(SGX GO )
163 WRITE(S9221)
17 00 11 I=1yMIKTOT
' 193 REATCI2y333) VALUESCI) vIC(I) s IDAY (1) » THOURCI) » IMINCL) « SLICCT)
i 19 THOUR(I)=IHOUR(T) -7
y 208 333 FORMAT(3Xs14rGXs 13914533, 13F 7,3
21 11 CONTINUE
228 WRTTE (S5 2025)9MIC 1 s MIL (2 yMICC3) yMIC (A yMICCS) v MIC (S »VALUES (1)
23
24
58 (69227
261 AT/ THE STARTING TINES FOR EACH MLUROFUONE $TGHAL /)
273 25 I=1,3
20t o143
293 WRITE (46229 6101 s THOUR () s TMINCL) o SEC (L) o MIC () y THOUR () o ;
30¢ CIMINC) »SECCS) ;
318 20% FORMAT(AXy” MICC T2y)8 IRy /12,7 MRS ‘Fé.3»’ SEC ' SXe’ MIC( 12
324 e IR0 0200 MRS F&.3y GECY)
33 2% CONTINUE
342 Lo 22 I=1+MIKTOT
358 VAL =VALUES (1)
3463 RESIH12y444) (SMITCIvJdryJ=19VAL)
378 22 CORTINVE
383 444 FORMAT(LAFD.0)
398 RETURN
40 END
;
R}
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APPENDIX C

An Estimate of the Noise Power Spectral Density for a PASS Run
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APPENDIX D

Derivation of Weighted Least Square Solution

The performance index to be minimized is given by

N N
e= 1 17
>

L=t -t )]
>y =1 M

i!7
In this expression Tij represents the estimate of the rough time difference
between signals from microphone i and j, Yij is the weight associated with
that estimate, and ti is the time of arrival of the signal at microphone i.
If we select t, = 0 as a reference and use six microphones, e can be written
as follows.

€= le(le_('tz))z + Yl3(113_(_t3))2 toeen ot YIG(TIG_(—tG))Z

6 6
DR PP A PN (RN S
55 5= MW TS
A necessary, in this case sufficient because of convexity, condition for e

to be minimized is that

%%7 -0 i=2,3,...,6
1

Taking the partial derivitives of e we have the following set of simultaneous

linear equations in tys tysenn,ty that can be easily solved.

r L - - o -

Ol2 Y22 Y23 qu st Yze t2

a, Y23 Yi, Ya, Yis Yae ts

(1'-0 YZ‘O .’3'0 Yh’-& Yhs .Yus t‘o

2 Yas  Yis Yus  Yss o Vg ts

o Y Y Y Y Y t

26
| 5] L 36 46 56 66 L 5]
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L TS N S P DU PO LI PP PP

o= o=y - t L + 1 + 1

3 Lio13 Taalog LT Yjﬁ 35 Yze 36
= - 1 + 1

vty iyt =Y l.[’lo L TR \{;,r) b + r,'f',,()

Sy Tistis = Yoslos = Tty = Vgl T Y 00

) = - 1 - LT —_ . T - N IR 1

6 \16 1o Y: 626 w36 36 'h(',Lq() {5’(» -

and

Yo, == G, v, ty,, ty, t o)
= em T \ + N + s

AEE ('13 Y., Yy, Y35 \35)

Yoo == Oy vy, hoy, oy o f Yus)

o= = (f, .+ Y, + + +

Yoo Crys ¥ Y, v Y0 v Y, F Y,

RO G T S U S S S S GO

£¢ 16 26 36 46 56

In the present edition of the program this set of equations was solved by
using a canned subroutine. If computer storage becomes a problem the solution

vector can be obtained by using a form of the steepest descent algorithm,

il




42

GLOSSARY OF PROCRAM VARIABLES

NMIC = Number of Microphones

NL = Number of data points for each microphone

NSW = Number of points in the sliding window

NPFW = Number of points in the Fourier window

SMIC(J,I) = Signal amplitude for MIC J at time I relative to IT(J)

IT(I) = Starting time for microphone I in MSEC relative to blast

LRST(I) = Rough starting point for microphone I relative to IT(I)

NR(I) = Starting time (MSEC) for Fourier window for microphone signal I rela-
tive to IT(I)

E(I) = Energy within correlation window for signal I

TAU(J,I) = Raw time difference between windowed signals J and I

RTAU(J,T)

Rough time difference between signal from microphones J and I

determined by correlation

CTAU(J,I) = Corrected time difference between microphone J and I by least
squared error fit

GAM(J,1) = Normalized correlation coef between signals from microphones J and I

G(J,I) = Reliability weight assigned to RTAU(J,I) for the least square procedure

AT(1) = Time difference shift of signal T relative to MIC 1 signal

TIME(I) = Relative time of the Ith signal for position estimator

A(J,I) = Augmented coefficient matrix for least square fit

JC(1I) = Control variable for Subroutine GJR

V(I) = Variables V(1) and V(2) for input to linear equation solution subroutine GJR

CMEAS(I) = Overall measure of correlation for microphone I




X(1)

Y(1)

WORK(I)

XX(1)

YY (1)

2Z(1)
IDAY (1)
THOUR(I
IMIN(L)
SEC(I)
MIC(I)
KMAX =
TEMP =

MILS

KNOTS =

KXX = N

KYY = N

]

PREF =

Ith value of first signal for cross correlation on input
Ith value of Fourier transfer on output

Ith value of second signal for cross correlation on input
Ith value of Fourier tranform on output

= Work space specified by FOURG subroutine

Ith value of estimate of noise spectrum

Ith value of estimate of signal plus noise spectrum
Value at Ith freq for prefilter

= Day of the start of the Ith microphone signal

) = Hour of the start of the Ith microphone signal

= Min of the start of the Ith microphone signal

Sec of the start of the Ith microphone signal

PASS microphone number associated with mic I

Microphone number selected for reference

Effective temperature at time of shot in Deg. C.

The effective wind direction at time of shot in mils
The effective wind speed at time of shot in knots
oise window starting point for SMIC(I,L)

oise window starting point for SMIC(J,L)

Real and imaginary value of prefilter
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