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1. INTRODUCTION

The purpose of this report is to document the computer
programs that have been written to implement the prediction
algorithm described in BBN Report 3653 by M. Moll, R. M. Zeskind
and W, L. Scott entitled "An Algorithm for Beam Noise Prediction".
The authors assume that the reader is already familiar with the
contents of that x'cport.&

1.1 Ambient Noise Prediction Computer Programs

The algorithms for calculating the probability density of
the averaged noise power at the output of a beamformer in a
specified passband resulting from ship traffic in an acoustic
basin have been programed in FORTRAN for a CDC 060 digital
computer. The algorithms are implemented as three separate
programs and their associated data files. Figure 1 presents
a block diagram of the data flow of the ambient noise predic-
tion computer implementation.

The input information 1is divided into three types.
Transmission loss data at a given sensor location is read
into the computer and stored on a file as a table of trans-
mission loss as a function of range and bearing. One such
‘ transmission loss file 1is created for each frequency of
' interest. Sensor, route and ship traffic information, which
is independent of frequency, is read into the computer. This
frequency-independent information is used as the input to a
program which computes such quantities as route segment lengths,
earth-centered angles between routes and sensor, and other geo-
metric parameters needed in the computation of the character-
istic function ¢y (w). The outputs of this geometry program
are stored on a file for later use as inputs to the
characteristic function program.

The characteristic function of beam noise power is com-
puted via the algorithm derived in Section 2.0 of BBN Report
3653. This program reads in radiated noise data for each
type of ship and other frequency-dependent input information
such as beam pattern parameters. Beam steering angle and
array orientation are also entered at this point. The character-
istic function program reads in the data stored in the geometry
file and the appropriate transmission loss file. The program
calculates the mean and variance of received average noise
power as well as its characteristic function and stores the
results on a file to be used as input to the final computer
program,

‘.
!
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PROGRAM TO COMPUTE CHARACTERISTIC FUNCTION
®Y(w)

INPUT INPUT N
RADIATED NOISE SENSOR, ROUTE TRA;S:?JSION
DATA FOR EACH & SHIP TRAFFIC LOSS DATA
TYPE QF SHIP INFORMAT 1ON
& OTHER FREQU-
ENCY DEPENDENT
INPUT INFOR- Y
MATION PROGRAM
TO COMPUTE
GEOMETRY DATA
\ Y
STORE TABLE STORED
OF GEOMETRY TRANSMISSION
I DATA LOSS DATA
|
i v Y
|
|

| v

( STORE &, (m)O

\

PROGRAM TO COMPUTE
PROBABILITY DENSITY FUNCTION OF Y

fy(y)
UYY

PRINTOUT

RESULTS

FIGURE 1 Data Flow of Ambient Noise Prediction
i Computer Implementation
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The final program computes the probability density function

of Y using the numerical algorithm described in Section 3.2 of
BBN Report 3653. The mean, variance and probability density
function for Y are printed out as the final result.

The structure of the program provides several advantages.
The geometric data need be computed only once for a given
sensor location and route structure. Since it is independent
of frequency and beam steering angle, the same geometry data
can be used many times by the characteristic function program.
Furthermore, the transmission loss data need be entered only
once for a particular sensor location.

1.2 Report Qverview

The remainder of this report documents the individual
computer programs shown in Figure 1. Section 2 describes
Program GEOM which computes the geometry data. Also described
are the structure of the input data file of sensor, route and
ship traffic information; and the structure of the geometry
data file. Section 3 describes Program CFUNK which computes
the characteristic function ¢y(w). The structure of the input
and output files needed for this program are also described in
Section 3. Section 4 describes Program DENS, which computes
the probability density function Y and prints out the results.

The documentation for each program consists of a brief
description of the main program, the structure of input and
output files, a glossary of variable names, flowcharts and
listings of the program.

1=3
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2. PROGRAM GEOM

In Section 2.2 of BBN Report 3653 were derived algebraic
equations to be solved for certain geometric pnrumc{vrs needed
in the computation of the characteristic function of recelved
noise ¢Y(d)' These gecmetric parameters depend iny on the
position of the sensor and the position of shipping reutes on the
earth's surface. They can be broken up into two categories.

In the first category, the parameters depend on the variables of
integration in the calculation of ¢y(w). In the second category
they do not. This memorandum documents a FORTRAN computer
;11'\1;51';1rn called Program GEOM which computes the geometric para-
meters of the second category.

Program GEOM is structured to compute the geometiric
parameters’ for each individual segment of a shipping route. It
is assumed that a route will have from one up to a maximum of
five segments. The program assunmes a maximum of ten routes.

The program reads input data from a previously created disk file
labelled DATIN and stores the results of the computations on

a disk file labelled GEO. The results arce also printed at thae
computer terminal so that a hard copy is available for documen-
tation.

2.1 Input Data File

The input data for Program GEOM is read from file DATIN.
This file contains the identification number for the particular
case of scnsor position and shipping routes to be processed; the
sensor's position; the number of routes and the appropriate in-
formation for each route by segments. Table 1 gives the struc-
ture of the file DATIN. Each line of the table corresponds to
one logical record on the file.

The following convention was assumed for the position of the sensor
and of the route segment end-points. If the latitude is north,
then the degrees, minutes and seconds that specify the latitude

are all positive. If the latitude is south, then the degrees
minutes and seconds are entered as negative numbers. If the
longitude is west, then enter the degrees, minutes and seconds
as positive numbers. If the longitude 1s east, enter them all
as negatlive numbers., It is also assumed that the segments are
ordered from left to right along a route.

>
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TABLE 1

DESCRIPTION

(Note:

Bolt Beranek and Newman

STRUCTURE OF INPUT FILE DATIN

Identification Number

Sensor Latitude, Sensor Longitude

(in degrees, minutes, seconds)

Number of Routes

Number of Segments on This Route

Latitude and longitude of left-end-point
of segment (in deg., min., sec.)

Width of route segment at left
end-point (in degrees)

Latitude and longitude of right
end-point (in deg., min., sec.)

Width of route at right end-point, maximum
width of segment (both in degrees)

Large, small and fishing ship densities
on this segment (ships/n. mile)

ete.

Each Line Represent One Logical Record)

Inc., {

(13)

(13)

(6r6.1)

(F8.1)

(6r6.1)

(2F8.4)

(3F10.7)
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2.2 Program Description

Figure 2 is a flowchart for Program GEOM. The program
first initializes constants and arrays; defines a function RADS
to convert angles in degreces, minutrs and seconds to radians;
and rewinds the input and output files. Next, the identification
number is read from files DATIN and also the sensor position.

The sensor latitude and longitude are converted to radizns. The
angle between the north pole and sensor is computed as:

it - latitude of sensor
c =
0o z

The angle between the Greenwich merridian and the sensor merridian
is computed as:

W_ =)sensor longitude, if positive
2n + longitude, if negative

The program next reads from file DATIN the number of
routes and enters a DO LOOP to process information one route
at a time. The first statement in the DO LOOP for the routes
reads in the number of segments on this particular route and
then enters a DO LOOP on the segments of this route. In the
DO LOOP on the segments, the program reads in the data for each
segment of the route and computes the geometric parameters
for that segment. The segments are ordered from left to right
along the route. The geometric parameters and shipping density
information are stored ina three dimentional array G. The ele-
ments of array G are defined in the glossary below. The com-
putations performed in this part of the program are as follows.

First the angles of a north polar triangle formed by
the sensor, route end-point and north pole are computed. Figure
shows this triangle for a general endpoint R The side ¢, 1S

computed from; = 4
c1 = 2 . latitude of end-point
2

The angle Ni is given by

N =

1 W, - W

i o

where

w1 =)longitude of end-point if positive
2n + longitude of end-point if negative

2-3
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‘ START ’

INITIALIZE CONSTANTS
AND ARRAYS

\
READ IN

IDENTIFICATION NUMBER,
SENSOR POSITION

\

COMPUTE ANGLES
FROM SENSOR POSITIONS

[ READ IN NUMBER /
OF ROUTES  NR DO LOOP ON ROUTES

AEAD IN NUMBER
OF SEGMENTS ON

THIS ROUTE Ns(1) DO LOOPS ON SEGMENTS

J =1, NS(1)

READ IN DATA FOR
THIS ROUTE SEGMENT

COMPUTE GEOMETRIC PARAMETERS
AND ELEMENTS OF THE
APPROPRIATE ROW OF ARRAY G

{

WRITE IDENTIFICATION NUMBER,
NUMBER OF ROUTES, ARRAY NS
AND ARRAY G TO DISK FILE GEO

\

PRINT RESULTS
AT THE TERMINAL

< STOP ’

Figure 2 Flowchart for Program GEOM

2-4




Report 3654 Bolt Beranek and Newman Inc.

N, north pole

R_ = Sensor
o

R, = end-point of a route segment

i

Figure 3 A Polar Triangle

2-5
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The slide 8y of the polar triangle is found from

cos 5, = cos ¢, cos ¢+ sin ¢, sin ¢ cos Ni

and then taking the arc cosine. Next sin s, and tan % s, are

d !
computed. The angle C1 of the polar triangle 1s found from the
arc sine of

sin C1 = sin ¢y sin N1 + sin

The azimuth of point R

By

§ is computed as

Zi":cia Wif_wo

il

2n - C W, > W
- B | o
The triangles formed by the route segment end-points
and the sensor arc shown in Figure 4, The internal angles of the
route scegment triangles are computed as

= % -
Ii |“i+l Zi

The side li of the route segment triangle is found from taking

tnhe arc cosine of

+ sin s cos I

“i+l i+l i

Then the length of the route segment in nautical miles 1is
computed from

L =p 1

- i

where p is the radius of the earth in nautical miles.

The jnternal angle Fi of the route segment triangle is
computed from

sin F1 = sin Si+l sin I1 + sin li

and then taking the arc sine.

2-6
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R

0° observation point

Flgure 4 Route Segments and Triangles
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The lact computations in the DO LOOP on the segments
is to compute the two route width cocfficients b1 and c1 for
this segment:

b, = 2 21 mg - w, + <J(mi - wi) (mi - w1+l)

(+]
]
=

1 i (mi - wi) + (m1 - wi+l) + «(na - wi) (m1 - Wi

where VW, is the route width at R

’

i

is the maxi ' / seg
m s the maximum width of the segment R1R1+l

After the computatiors for ecach segment of a route
have been completed, the program returns to the outer DO LOOI
to process another route. Once &all routes have been processed,
the program enters the section of code which writes the results
to the output file GEO. The structure of the output file GEO
will be discussed below.

In the final section of Program GEOM, the results of
the calculations are printed at the terminal. Figure 5 shows
an example of some typical printout at the terminal. The
first thing printed is a header which includes the identifica-
tion number and the number of routes. Then the route and segment
are identified and the thirteen parameters for that route segment
are printed. This corresponds to one row of the array G.

2.3 Output Data File GEO

The output from Program GEOM to be used in further
computations 1is stored on disk file GEO. File GEO is one of
the input files for the program that computes the characteristic
function of recelved noise, Program CFUNK. This file contains
the identification number, number of routes, an array NS containing
the number of ::ozmporlts on each route, and the array G of geometric
parameters and ship densities. Table 2 gives the structure of
file GEO.

2-8
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OUTHLT FROM PRODGENM GEOM | URTHIE R 1
HIIEER OF FOUTES = LQ
FUDTE 1 SELMENT 1
WIDITH A ZE- 02 | N R S E= S7ISE+0D
SR L SOARSE 00 COs § Celdeb eon TAN t-2Ss FRE B SRR
J < 2E28E+ N0 <HAISTE+OL I= LHAITIE 0N L= A LI SR B

SHIF DENSITIES

LHkLE = q, SMALL = 0, FISH = 0,
FLUTE 1 L 2
WINTH- SSIRCE-0e B= Seldubean E= SOdSE r0t
SIH 8= 49428 +00 COS = [ QAQ&E+00 TAN 1.-28: ras NI SR A
b= o910t +00 2= (SPYE+ QL I= .SIFIE+0Y L= L152VE+Q4

SHIP BENSTYIES

LHkst = o, SMARLL = 0, FISH = o,
FOUTE o SEuMEN 1
WIDTH= 0, k= .Ssuck+00 E= (aFT16E+01
SIH 8= (sabebsan LY S= JdaaSE+00 THH 1 0S=  (eng E+u0
F= 4415 +00 = (SIT7IE+0! = J1oost+an L= (&S98E+03

SHIF DENSTITIES
LhRGE = o0, SMHLL = a, FISH = 0,
ROV [ SEGHENT &

W= 399t - ot B= ., 128nk+00 E= (391 3E+00Q

I s IR O COS 8= (60&8CE+QQ TAN 1-88=  (4230E+u0

%]

F= L 4419E-01 = ,82PeE+01 I= [S351E-01 L= 173RE+04

Flgure 5 Example of Terminal Printout from Frogram GEQM
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2.4 Glossary and Program Listing

The following glossary contains definitions of the
FORTRAN variable names uscd in Program GEOM. The names are
presented in alphabetical order.,

AN = polar angle between sensor and route segment end-
point measured form north pole (in radians) Ni

C = side of the north polar triangle formed by north
pole and route segment end-point (in radians) Cy

(610) = side of north polar triangle formed by north pole
and sensor location (in radians) c0

D1 = degrees of latitude of segment end-point
D2 = degrees of longitude of sepgment end-point
G(I,J,K) = gan array dimensioned (5x13x10) containing the computed

geometric parameters and ship densities for each
segment of each route. The index K indicates the
| route while the index 1 indicates the segment.

: For a given segment on a given route the elements
in the I*™ row are:

G(I,1,K) = route segment left end-point width (radians) wi

G(I,2,K) = bi’a parameter used to model the route segment

width envelope.

G(I,3,K) = ei,a parameter used in the model of the route seg-

ment width envelope.

G(I,4,K) = sin Sg» sine of the earth centered angle s; between

the sensor and a segment left end-point.

G(I,5,K) = cos s

|
G(I,6,K) = tan % S,
G(I,7,K) = F1 an interior angle of the triangle formed by the

segment and the sensor (in radians)

G(I,B,K) = Z1 the azimuth of the left end-point of the segment
{in radians)

2-11
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G(I,9,K)

G(I,10,K)

G(I,11,K)
G(1,12,K)
G(1,13,K)
IDNUM

NR

NS

PI
RHO
SLA

SLO

Sl
S2
TEMP

TEMP 2
t TEMP 3

T
3 T2
T3
TH

W

i

n

i

i

n

Bolt Beranek and Newman Inc.

Il’an interlor angle of the triangle formed by the
segment and the sensor (in radians)

length of the segment in nautical miles L;

density of large merchant ships on this segment
(ships/n. mile)

density of small merchant ships on this segment
(ships/n. mile)

density of fishing vessels on this segment (ships/
n, mile)

an identificaiton number for the particular sensor/
route geometry

number of routes (up to ten)

an array dimensioned 10, each element of this array
contains the number segments on a route.

n
radius of the earth in nautical miles

an array dimensioned 3 which contains the sensor
latitude as:

SLA (1) = degrees

SLA (2) minutes

SLA (3) scconds

nou

“~

an array dimensioned 3 which contains the sensor
latitude as:

SLO (1) = degprees

SLO (2) = minutes

SLO (3) = seconds

seconds of latitude of segment end-point

seconds of longitude of segment end-point

TEMPORARY STORAGE LOCATIONS

longitude of end-point in radians

2=12
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WIT = width of route segment at left cnd-point Ni
WO = longitude of sensor in radians
X1 = minutes of latitude of segment end-point
X2 = minutes of longitude of segment end-point
A = temporary storage location

The listing of the program is as follows.

PROGRAM GEOM(OUTPUT, DATIN, GEO, TAPE2=DATIN, TAPE6=GEOQ)
C PROGRAM TO COMPUTE THE GEOMETRIC COEFFICIENTS NEEDED IN
C AMBIENT NOTSE MODEL. WRITTEN 15 FEB. 78 RY ZESKIND.
C DATIN = FILE OF INPUT SENSOR AND ROUTE DATA.
C GEO = FILE OF GEOMETRIC PARAMETERS TO BE USED AS
c INPUT TO KORE AND LINE COUNT PROGRAMS.
c
DIMENSION G(5,13,10),NS(10),SLA(3),SLO(3)
DATA G/650%0.0/,NS/10%0/
RADS (D, XM,S)=(1.7U45320252E-02)*(D+(XM/60.)+(S/3600.))
RHO=3U437.7467T1
PI=3.141592654
REWIND 2
REWIND 6
C READ IN IDENTIFICATION NUMBER
READ(2,15) IDNUM
C READ SENSOR POSITION
READ(2,10) (SLA(K),K=1,3),(SLO(J),Jd=1,3)
10 FORMAT(6F6. 1)
CO=RADS(SLA(1),SLA(2),SLA(3))
CO=(P1/2.)-C0O
WO=RADS (SLO(1),SLO(2),SLO(3))
IF(WO.LT.0.0) WO=(2.*PI)+WO
T1:=C0S(CQ)
T2:=SIN(CO)
C READ IN NUMBER OF ROUTES
READ(? 16; NR
15 FORMATLI3
C ®XX¥® DO LOOP ON ROUTES ¥*wws
DO 1010 K=1,NR
C READ IN NUMBER OF SEGMENTS ON THIS ROUTE
READ(2,15) NS(K)
NUMS=NS(K)
€ «wee DO LOOP ON SECMENTS =e-
DO 1000 J=1, NUMS

2-13
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C READ IN SECMENT DATA FOR LEFT END-POINT
READ(2,10) D1,X1,S1,D2,X2,82
C=(PI/2.)-RADS(D1,X1,S1)
W=RADS(D2,X2,S8?2)

IF(W.LT.0.0) W=(2.*PI)+W
AN=ABS(W-WO)

HZSIR{ES

SIN(TENP)

5 G(J,6,K)=1.0E+9Q

6 TEMP:TN*SIN(AN)/G(J,u,K)
G(J,8,KY=ASIN(TEMP)
IF(G(J,&,K).LT.0.0) G(J,8,K)=G(J,8,K)+(PI/2.)
IF(W.GT.WO) G(J,8,K)=(2.*P1)-G(J,&,K)

C READ IN LEFT END-POINT ROUTE WIDTH
READ(2,16) WIT
G(J,1,K)=RADS (WIT,0.0,0.0)

C READ IN'SEGMENT RIGHT ENDLPOINT POSITION
READ(2,10)D1,X1,S1,D2,X2,S2
C=(PI/2.)-RADS(D1,X1,S1)

W=RADS(D2,X2,S2)
IF(W.LT.0.0) W=(2.%PI)aW
AN=ABS (W-W0)

T3=C0S(C)

TU=SIN(C)

TEMP=T 3%T 14T U*T D*COS (AN)
TEMP2=ACOS(TEMP)
TEMP3I=SIN(TEMP2)
TEMP2=TU*SIN(AN)/TEMP3
Z=ASIN(TEMP2)
IF(Z.LT.0.0) 2=Z2+(PI/2.)
IF(W.GT.WO) Z=(2.%PI)-2

C COMPUTE ANGLE 1
G(J,9,K)=ABS(Z-G(J,&,K))

C COMPUTE LENGTH OF SEGMENT L
TEMP2:G(J,5,K) *TEMP4G (J, 4, K) *TEMPI*COS (G (J,9,K))
TEMP=ACOS (TEMP2)
G(J, 10,K)=TEMP¥RHO

C COMPUTE ANGLE F
TEMP2=TEMP3I*SIN(G(J,9,K))/SIN(TEMP)
G(J,7,K)=ASIN(TEMP?)

IFCGLI T, KY . LT.0.0) GCI,T,K)=G(J,7T,K)e«(P122.)

C READ IN RIGHT END-POINT WIDTH AND MAX WIDTH OF SEGMENT

| READ(2, 16) WID,WMAX

16 FORMAT(2F8. 1)

WID=RADS(WID,O0.,0.)
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WMAX=RADS (WMAX,0.,0.) !
C COMPUTE ROUTE WIDTH COEFFICIENTS FOR THIS SEGMENT
T3=WMAX-G(J, 1,K)
TU=WMAX-WID
G(J,2,K)=(2./TEMP) *(T2+SORT(T2¥*Tl))
G(J,3,K)=(T2+TU+SQRT(T*TU))/(TEMP*TEMP) 1
C READ IN SHIPPING DENSITIES FOR SEGMENT
READ(2,20)(G(J,L,K),L=11,13)
20 FORMAT(3F10.7)
1000 CONTINUE
1010 CONTINUE
C ®%¥% OUTPUT RESULTS TO FILE GEQ %%«
WRITE(6, 100) TIDNUM,NR
100  FORMAT(1X, I3, 2X, I3)
WRITE(6,110) NS
110 FORMAT(1X,1013)
DO 115 K=1,NR
NUMS=NS(K)
DO 118 I=1, NUMS
WRITE(6,120)(G(I,J,K),Jd=1,13)
120 FORMAT(1X,4E20.14)
118 CONTINUE
115  CONTINUE

C =~-- PRINT RESULTS AT THE TERMINAL -----
PRINT 200, IDNUM

200 FORMAT(1X///1X,24HOUTPUT FROM PROGRAM GEOM,5X,7HIDNUM= ,I3)
PRINT 210, NR
210 FORMAT(1%/1X, 1GHNUMBER OF ROUTES = ,13///)
DO 2010 K=1, NR
NUMS=NS(K)
DO 2000 N=1, NUMS
PRINT 220,K,N
220 FORMAT(1X/1X, 6HROUTE , I3,5X,8HSEGMENT ,I3)
PRINT 230,G(N,1,K),G(R,2,K),G(N,3,K)
230 FORMAT(1X//1X,THWTDTH= ,E10.l,3X,3HB= ,E10.4,3X,
+ 3HE= ,E10.4)
PRINT 210,(G(N,L,K),L=U,6)
240 FORMAT(1X//1X,7HSIN S= ,E10.4,3X,7HCOS S= ,E10.4,3X,
+ 10ETAN 1/2S= ,E10.4)
PRINT 250,(G(N,M,K),M=7,10)
250 FORMAT(1X//1X,3HF= ,E10.4,3X,3HZ= ,E10.4,3X,
+ 3HI= ,E10.4,3X,3HL= ,E10.4)
PRINT 260,(G(N,J,K),J=11,13)
260 FORMAT(1X//1X,1UHSHIP DENSITIES/SX,8HLARGE = ,E10.4,
+ 3X,8HSMALL = ,E10.4,3X,7HFISH = ,E10.4) -
2000 CONTINUE
2010 CONTINUE
c

REWIND 2

REWIND 6

STOP
END
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3. PROGRAM CFUNK

The algorithm for the computation of the characteristic
function of beam nolse power is described in Section 2.0 of

BBN Report 3653. A computer program called CFUNK was written

to implement this algorithm. Program CFUNK computes the

mean, varlance, and the real part of the characteristic

function of beam noise power. These results, along with other

pertinent information, is stored in a file, called PHIX,

for use' by Program DENS. Program I omputes the probability
ion 4 of this report

density function. It is described

3.1 Input Files

Program CFUNK reads input data from three different files,
as shown in Figure 1. These three input files for Program
CFUNK are the file of geometry ta called GEO, a transmission
loss data file for the frequency of interest (TL10H for 10
Hertz) and a file of frequency dependent input inf
called SOURCE.

aata
~

srmat 4 Aan
i e iUl

3.1.1 Geometry File

File GEO is the output file created by Program GEOM. L[ts
structure was described in Section 2.3 above, and given in
Table 2.

3.1.2 Transmission Loss File

Transmission loss data at a given sensor location is read
into the computer and stored in a file as a table of trans-

\

mission loss in power as a function of range and bearing. For

this computer implementation it has been :‘xs::u"‘.od that transmissi

loss is given at 10 nautical mile increments starting at 10
nautical miles from the sensor, up to a maximum of 3500 nautica
miles. It is also assumed t.mt transmission loss data is

available at five different azimuth angles. Thus the transmissi

loss data is stored in an array dimensioned 2‘\1 by 5, where the

Al
IOWS are ransoe 7n crement s svd e *Alumne 9 \" h 3 1 NS 1 o mH .
O < & (S22 P2 L ICNLS ana uLneg columns azimuing. AL, LK

first row gives the :L:.'..\x\.al angle in degrees.

The transmission loss files are labeled by frequency. For
example, trans ni;mwn loss at 10 Hertz is stored in a file
labeled TL1OH. Data at 50 Hertz would be stored in a file
labeled TL50H, etc. The file name in the program statement
at the beginning of the main computer program must be changed
when a different frequency is to be used. Table 3 gives the
structure of the transmission loss files.

Ny
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3.1.3 File SOURCE

The remaining input information that is necessary for
program CFUNK is read in from a file called SOURCE, This file
contains frequency-dependent input information and beam pattern
parameters.

r:
l
g
3
3

e

.
{

3
i

Table 4 gives the structure of input data file SOURCE.
The file contains the mean and variance of the total radiated
noise for large merchant, small merchant and fishing vessels
at the frequency of interest. This is stored in a 3 by 2
dimensional array labeled S. Tre ccnter frequency and frequency
band in Hz are the next logical record on the file. The last
logical record contains the beam pattern parameters. They
are the azimuth of array broadside, BAZ; beam steering angle,
[ BSTER; a beam pattern constant depending on frequency, ALPHA;
‘ and the main lobe beam width, BWIDE. All angles are in degrees.
i Figure 6 shows the definition of the angles associated with
the array pattern.

3.2 Main Program

The main program of CFUNK performs the following functions:
1) initializing arrays and set program constants; 2) reads in
input data; 3) computes initial parameters for numerical inte-
gration; 4) computes the probability of no noise; 5) computes
the mean and variance of the averaged noise power at the output
of the beamformer; 6) computes the real part of the character-
istic function of averaged noise power; and 7) writes the results
to the output file PHIX.

The following subprograms are called by the main program:

e Z(R,D) - returns a value of transmission loss
for a given range and angle.

e BETA (Q, QO) - returns a value of the probability
density function of transverse ship position
across a route segment.

® BEAM - a subroutine to compute the normalized
beam pattern for a given angle.

® GAMA - a subroutine to compute the real and
imaginary parts of the characteristic function
of the gamma probability density function.

e INCLU - a utility function subprogram which
returns a value of one if an angle C is included
between two angles A and B.

These subprograms are described in Section 3.5.

3-3
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NORTH

{

BWIDE - beam width

FIGURE 6 Definition of Array Angles
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3.2.1 Common Storage

There 1s one block of common storage area labeled XLOSS.
XLOSS contains the array TL of transmission loss data and is
common to the main propgram and the function subprogram 2.,

3.2.2 Flowchart and Description

Figure 7 presents tne flowchart of the main program. At the
start of the program, the arrays G, NS and PHI are initialized to

| zero. Program constants are set as follows:
i RHO = 3U3T.TH6T77L (radius of the earth in
E nautical miles)
Pl = 3.141492654 .,
e = 2n
b DELR = 0.0029088821 radians. (range increment
step size equivalent to 10
nautical miles)
D10 = 0.1745329252 radians. (equivalent to ]OO)

The following statement functions are defined at the start
of the program:

e RADS - converts angles in degrees, minutes and
seconds to radians.

e WIDTH - computes an approximation to route segment
width

e XJ - computes the value of the Jacobian of the

transformation between sensor coordinates
and route coordinates.

The program next reads in the flle GEO containing the
geomelric parameters computed in Program GEOM and stores
them in array G. Next, the appropriate transmission loss
data is read from file and stored in array TL. The first
row of TL 1s converted from degrees to radians. Finally,
the file SOURCE 1s read. This completes the input section
of the program,

3-0
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{ STARY )
INITIALIZE ARRAYS AND
SET PROGKAM CONSTANTS.
REWIND FILES
READ AN PRECOMPUILD GLOMETRY DAIA
FROM FLLE GEOMEIRY,
STORL IN ARRAY G
READ IN TRANSMISSION LOSS
DATA FROM FILE.
STORE IN ARRAY TL
CONVERY FIRST ROW OF TL
FROM DEGRELS 10 RADIANS.
READ IN DATA ON
FILE SOURCE,
CALCULATE PARAMETERS Of GAMMA PROBABILITY DENSHITY
FUNCTION FROM MEAN AND VARIANCE QF SOURCES,
CONVERT ANGLES OF SENSOR §ROM DEGREES 1O RADIANS.
INITIAL CALCULATIONS
COMPUTE BACKDEAM AND THE FOUR ANGLE REGIONS OF INTEGRATION.
COMPUTE STEF SI20S FOR ANGLE INTEGRATION AND NUMBER OF
ANGLE ITERATIONS,
TEST FOR END FIRE CONDITION. SET PARAMETERS FOR ANGLE LOOP.
COMPUTE 1HE PROBABILITY
OF NO NOISE, DELZ,
SET XMIAN = 0
AVAR = 0
L Sy e - 00 LOOP ON ANGLE
L L PR U N e e _@
SELECT WHICH ANGLE INTEGRATION STEP SIZE TO USE DEPENDING
WHETHER ANGLE 1S IN MAIN BEAM, BACKBEAM OR SIOLLOBES,
CONVERT ANGLE INTO EQIVALENT BEAM PATTERN ANGLE FROM
BROADS IDE . SET T10 =~ 0.0
B = o _»_III-0.0
CALL BEANM
RETURNS BEAM PATTLRN VALUL
FOR GIVEN ANGLE
e =7 D0 LOOP ON ROUTES
L)t o Lo R e e _,()
NUMS w N\(K_)_
SET INDLYX
DO LOOP ON ROUTE SEGMENTS @
/’/lS
THIS ANGLE NO
INCLUCED IN THES D
SEGMENT 77
1/'/
Yts
FIGURE 7 Flowchart of Program CFUNC.
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SEY IRFLAG = +1

MULTIPLIERS Tk mgj and I byj(my)2 ¢ 0y )2)
COMPUTE ANGLE DEVIATION FROM LEFT END Of
COMPUTE INITIAL RANGE ¢

COMPUTE
SEGMENT
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LOOP ON R}}H_(f v
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IRFLAG = =1
1

e e
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SET
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AND
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and Newman Inc.
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COMPUTE ONE TERM IN THE INTEGRAL OVER ANGLE.

llll‘n‘, /IJ]lQHP:JI . zu‘J(m\‘ou‘J) /lleqarer

END OF SEGMENT
00 Loor

END OF ROUTE

00 LOOP
TXMEAN = XMEAN ¢ term « AD
XVAR = XVAR ¢ term - AD
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END OF ANGLE
i e e .4.__.____._._.__..__.___.__.._.._.<__..<:’
- e
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LOOP ON KANGE ¢
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N
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CALL GAMA

RETURNS REAL AND IMAGINARY PARD OF CHARACTERISTIC FUNCTION OF
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I T4 = 5r- Ar |

DO LOOP ON ARGUMENT OF CHARACTERISTIC

FUNCTION ¥

R s e B S A e s S
IV~ 1, NF 1
COMPUTE THE REAL AKD IMAGINARY PARTS =
OF SECOND CHARACTERISTIC FUNCYION |
l.e.: one term in integral and add to sum l
J1(—) dr d0 |
O r - el e |
|
____________________ a

v END OF ROUTE SEGMENT

DO LOOP
END OF ROUTES

DO LooP

INCREMENT ANGLE
ANG = ANG + DANG

END OF ANGLE

DO LoOP

| SET | = 0.0_]

DO LOOP ON ARGUMENT OF CHARACTERISTIC
FUNCTION

COMPUTE THE REAL PART OF CHARACTERISTIC FUNCTION,
oy ()

9
|
|
|
|

l:‘ | | :

F = F+DELF |
- J

OUTPUT THE RESULTS
TO FILE PHIX
l REWIND FILES
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The program next enters a section of code which performs
the initlal calculatlions. It calculates the two parameters
for a gamma probability density functlon from the means and
variances of the sources that were input from file SOURCE for
large merchant ships, small merchant ships and fishing vesscls.
That is, each of the three sources is modeled as a random
variable that is gamma distributed. The two parameters of
the gamma probability density function are computed as:

Al M“
C = 6-«.
2
and
M, *
b4l = Y.
(P8
J
where M; is the mean of the jt'h source and o,? i{s its variance.

The pro}{x'am then converts the angles associattd with the beam
pattern of the array from degrees to radians.

In the final part of the initial calculations, the program
computes the parameters needed later in the program for the DO
loop on azimuthal angle froem the angles associated with the
sensors beam pattern. From the steering direction, beamwidth
and array broadside angles, the program f'inds the backbeam.
also tests for an end fire condition. If an end fire con
exists, it divides the angles into two regions--main beam
and side lobe. [f an end fire condition does not exist, it
divides the angles into four regions--main beam, back beam,
and two side lobe regions. The program sets the angle inte-
gration step size equal to 1/16 the beamwidth in the main lobe
and back lobe regions. 1In the side lobe regions the angle
integration step size 1s set equal to approximately 10 degrees.
The program computes the total number of angle integrations NT
to cover the complete 360 degrees, which is used in the DO
loop on angle. This is the end of the initial section of the
program.,

Qill1C
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The program next enters a section of code which computes
the probability of no noise, with variable name DELZ. This
term was derlved in Section 2.1 of BBN Report 3653, and is
computed as

m n

EXP{_ Z Z oo
ol

=1 j=1

DELZ

1]

where

; th
Li is the length of the i route in nautical
miles and kij is the average number of ships

of type j per nautical mile of route i.

In the next section of code, the mean and variance of the
averaged nolse power at the output of a beamformer is computed.
The equations were derived in Section 3.1 of BBN Report 3653.

The equations are:

m n
my = % L kgMg S an S dr|J(p,D)|rQ (q)z(r,D).BP(D)
i=1 j=1 J R i

m n
E a . 2 2 . . ~ A
Oy =P by b k:”(mS + og ¥ r d‘D J dr|JQ ,D)|IQ' (g)e*“(r,D) .BP*(D)
i=1 j=1 . J J hi i
where mS is the average of the mean-squared pressure

J of sources of type }J

i oé is the variance of the mean-squared pressure
“J of sources of type j.

These are program inputs from file SOURCE.
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The above integrals over range r and route segment angle D
were approximated by rectangular imcyiz'.zz ion. The Integration
step slze on the range is 10 nautical miles. The integra

1
e S
the beam pa

step size on the angle depends on the region of
and was calculated in the initia viol i program. The
Jacobian |(J(r,D)| is computed ‘.‘1‘0:‘ 5 ¢ netion XJ.
The across-route probability densit ias modeled
as a beta probability density Lumt ion. 3 \'11\1\ is
calculated in Subroutine BETA. nission loss
Z2(r. D} '1" returned to the main p which locks
up the value in the transmission 'he value of
the noxrw” 2ed beam pattern 1is cc ne BEAM. As
seen in Figure 7, the double int and variance
are implemented as three nested b I‘O loop
is on the angle. The DO loop inside routes,
The. innermost DO loop is on the bedded in
the DO loop on the route segments range. Thus,
the program evaluates the double mean and
variance by fixing the angle and integral ovex
range across the route segment width to compute one term in the
angle integral. 1t then goes on to the next angle, etec., until
t

it has completed

After calculating the mean and variance of the average

a
nolse power, the '\10‘*“."‘:1 re-initializes certain pa
) «

I rameters

that control the numerical integration and enters the section
of code that computes the real part of the characteristic
function of the average noise power \“\,\‘-\\, The real part of
4‘* @) is used in Program DENS, described in Section 4 below
£ compute the probability density function of average noise
power,

The argument of ¢y labeled F in the program, is initialized
to zero. The number of points at which the real part of dy
is computed is set to NF = 101, with a step size of DELF = 0.01.
If more points or a different spacing for the argument of &.
is desired, the value of NF and DELF must be changed in the
program. The real part of ¢y is computed in two basic steps.
In the first step, the real and imaginary parts of the second
characteristic function ¥(w) are computed from the equatio:

\ 1
(SL‘C‘ Section 2 of REBN HC}‘\\I"\ _;l"’,‘_g,

m 3
ylw) = p I IJLI‘Q (@) I k. ¢ (wBP 2,) dr dp
i=1+ i J=1 W °F

o |
where ¢ 1s the gamma probability density function medel for

S the source of type J.
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This computation 1s accomplished by using rectangular
integration to numerically evaluate the double inter>al.
This is done in a set of five nested loops. The outermost
loop being on the angle D, while the innermost is on the
argument of the characteristic function F.

Once the second characteristic function has been computed,

the program computes the real part of the characteristic function
from:

Real ‘:‘x‘(“‘) = DELZ + EXP(Real \i'(w)) . \‘0:‘»<lr:1;z{.m;n"\' ‘4’\\-.'))

for the 101 values of the argument. This concludes the compu-
tations sections of Program CFUNK. The resulting values of
the real part of \!‘\.km) and the value of w are stored in array
PHI ., .

In the terminal section of the program, the results of
Program CFUNK are written to disk file PHIX, which is described
in the next section. The input and output files are then
rewound, and the programs terminates execution.

3.3 OQutput File

The output from Program CFUNK to be used in further compu-
tations 1is stored on disk file PHIX. File PHIX is the input
file for Program DENS described in Section 4 below. This
file contains the header "RESULTS FROM PROGRAM CFUNK" as the
first logical record. The remainder of the file contains the
values of the parameters for the array; the total number of
ships; the probability of no noise; the mean and variance
of the beam noise power; the number of sample points that have
been computed for the real part of ¢,; and array PHI containing
the real part of \:‘Y(m) and w,. ,

Table 5 glves the structure of file PHIX, including the
format with which each logical record was written.
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3.4 Glossary and Program Listing

ey b e R bR

The following glossary contains the definitions of the
FORTRAN variable names used in Program CFUNK. The names
are presented in alphabetical order.

ALPHA - beam pattern constant which depends on
frequency. Program input,

ANG - azimuthal angle from north in radians;
initialized to EDGE 1 and used as angle
of integration.

f - BACK - azimuth of back beam.
BAZ - azimuth of array broadside; program input.
BP - value of normalized beam pattern returned

from Subroutine BEAM.

BSTER - beam steering angle from north, positive
clockwise; program input.

BWIDE - beam width of main lobe of the array;
program input.

B1F - (b + 1) parameter for gamma probability density
function model of fishing vessel radiated noise,
equal to mean squared divided by variance. Used
as input to Subroutine GAMMA.

DY R T g g e Ny

B1L - (b + 1) parameter for gamma probability density
function model of large merchant ship radiated i
noise. !
B1S - (b + 1) parameter for gamma probability density b
function model of small merchant ship radiated ;
noise. )
CF - ¢ parameter for gamma probability density ‘

function model of fishing vessel radiated
noise, equal to mean divided by the variance.

CIF - imaginary part of the characteristic function

for fishing vessel radiated noise returned by
Subroutine GAMA.

=17
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CIL

CIS

CL

CRIF

CRL

CRS

DANG

DANGE

DANG 1

DANG 2

DANG 3

Bolt Beranek and Newman Inc.

imaginary part of the characteristic function
for large merchant ship radiated nolse returned
by Subroutine GAMA.

imaginary part of the characteristic function
for small merchant ship radiated nolse returned
by Subroutine GAMA,

¢ parameter for gamma probabillity density
function of large merchant ship radiated
noise.

¢ parameter for gamma probability density
function of small merchant ship radiated
noilse.

real part of the characteristic function
for fishing vessel radiated noise returned
by Subroutine GAMA.

real part of the characteristic functilon
for large merchant ship radiated noise
returned by Subroutine GAMA.

real part of the characteristic function
for small merchant ship radiated nolse returned
by Subroutine GAMA.

deviation angle from left-end of a segment,
in radians; used in numerical integration.

step size in deviation angle AD) to be used
in numerical integration.

deviation angle step size to be used in end-
fire case.

deviation angle step size in the main lobe of
the beam pattern ; set to 1/16 of the beam
width.

deviation angle step size to be used in region
between main lobe and back lobe golng clockwise.

deviation angle step size to be used in the
back beam; sct to 1/16 of beam width.

3-18
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DANG 4 - devlation angle step size to be used in
reglon between back lobe and main lobe,
going clockwise.

DELF - step size of the argument of characteristic
function (Aw) of beam noise power; fixed in
program to 0.01.

DELFQ - frequency band of received noise in Hertz.
DELR - Integration step size for range r set in

radians equivalent to 10 n. miles on earth's
surface.

DELZ - computed probability of no noise.
D10 - a program constant in radians equal to 10 degrees.
EDGE 1 - azimuth of left-hand edge of main lobe of

beam pattern in radians.

EDGE

n

- azimuth of right-hand edge of main lobe of
beam pattern in radians.

EDGE 3 - azimuth of left-hand edge of back lobe of
beam pattern in radians.

EDGE 4 - azlmuth of right-hand edge of back lobe of
beam pattern in radians.

1 - argument w of the characteristic function of
beam noise power ¢Y(m).

FREQ - center frequency of band of received noise
in Hertz,

G(I,J,K) - an array dimensioned (5x13x10) containing the
computed geometric parameters and ship densities
for each segment of each route. The index K
indicates the route while the index I indicates
the segment. For a given segment on a given
route the elements in the ith row are:

G(I,1,K) route segment left end-point width (radians) wj.

3-19
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G(I,3,K)

G(L,H4,K)

G(1,5,K)
G(I,0,K)

- G(IL,7,K)

G(1,8,K)

G(I,9,K)

G(I,10,K)

G(I,11,K)

G(1,12,K)

6(I,13,K)

GL

GI10

IDNUM

IENDI
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bl a parameter used to model the route segment
wildth envelope,

€y a parameter used in the model of the route
segment width envelope.
sin Sy sine of the earth centered angle s,

i
between the sensor and a segment left end-point.

¢os 8,
i

- ) g
tan 1/2 Sy

F, an interlior angle of the triangle formed by
the segment and the sensor (in radians).

Z, the azimuth of the left end-point of the
segment (in radians).

I, an interior angle of the triangle formed by
the segment and the sensor (in radians).

length of the segment in nautical miles 1,.1.

denslty of large merchant ships on this segment
(ships/n. mile).

density of small merchant ships on this segment
(ships/n. mile).

~

density of fishing vessels on this segment (ships,

n. mile).

along-route position variable g‘:i measurced
from left end of a segment. ’

initial value of GI.

an lidentification number for the particular
sensor/route gecometry.

flag for end-fire condition of beampattern
where

TENDF = 0 Not endfire condition
T1ENDI 1l Endfire condition.

3-20
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IRFLAG

ITEST

NR

NREND

NR1

NR2

NR3

NRU

NT

NUMS
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flag used to determine how and when to reset
range loop in range integration where

IRFLAG = 0 then 1/2 width of the route is
less than 10 n.m,

IRFLAG = +1 in upper half of width of route
segment

IRFLAG = -1 in lower half of width of route
segment .

flag to determine if angle ANG lies in a route
segment, returned from function INCLU, where

ITEST = 0 Not in segment
ITEST = +1 In segment.

index of DO loop on argument of characteristic
function of beam noise power.

number of sample points at which characteristic
function of beam noise power is computed; set to
101 in program.

number of routes (up to ten).

number of angle iterations for numerical inte-
gration in endfire case.

number of angle 1lterations in main lobe.

number of angle iterations between main lobe and
back lobe.

number of angle iterations in back lobe.

number of angle fterations between back lobe
and main lobe.

an array dimensioned 10, each element of this
array contains the number segments on a route.

total number of angle iterations in the angle
DO loop.

temporary storage for number of segments of a
route ,
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PHIL2,10)) -

Pl -
4] -
R -
RADS -
RHO -
RO -
8(3,2) -

SuM(2,101) =

TL(351,5) -

TPL -
TSH1P -

Bolt Bevanek and Newman Inc.,

an array dimensioned (2 x 101) which contains the
computed values of the real part of the character-
istic function J‘Y(w) and w where:

i

PHI(1,.K) real part of oy (w)

PHI(2,K) = w
This array is output to file PHIX.
n
across route position variable ays initially
ret to zero,
‘ange from sensor; earth centered angle in :

radians.

statement function to
minutes and seconds to

convert angles in degrees,
radians. :
radius of the earth in nautical miles. 3
sensor to the center of a route
(earth centered angle in radians).

range {rom
segment

(3 x 2)
and variance of
the three

an array dimensioned
values of the mean
radiated noise for

contalning the
total

sources, where: '

)]

mean of large merchang ships.
variance of large merchant ships.
mean of small merchant ships.
variance of small merchant ships.
= mean of fishing vessels

= varlance of fishing vessels.

i

-

i

-

s nwn
N S
WW M N -
b
RO

-

e s e s s
|

x 101) used to contain
numberical integration
calculations of the
function where

dimensioned (2
the running sum in the
over range part of the
second characteristic

an array

SUM(1,K) = real part
SUM(2,K) = imaginary part.

an array dimensioned (351 x 5) containing the
transmission loss table read into the program.
ok | N

Total number of ships
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TEMP 1

TEMP 2

TEMP 3

i

12 - Temporary storage locations
23

T10

- T11

\ - argument for source characteristic function
used in calling Subroutine GAMA; equal to
w ¢ BP - Zi'

WL - one half the width of a route segment.

WIDTH - statement function to compute an approximation
to the route width between route segment end
points.

X - angle ANG converted to beam pattern coordinates

used for input to Subroutine BEAM.

XJ - statement function to compute the absolute value
of the Jacobian of the transformation, where

Lo g 20S g .
J in I;L/( ay

XMEAN -~ computed value of the mean of received beam
noise power,.

XS - beam steerling angie with respect to array
broadside, used as input to Subroutine BEAM.

XVAR - computed value of the variance of received
beam noise power.

3-23
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The followling 1s a listing of the FORTRAN code for
the main program,

PROGRAM CFUNK(OUTPUT,GEQ, TL10H, SOURCE, PHIY, TAPE1=GFEO,
+ TRAPE2=TLVOH, TARE3=30URCE, TAPEG=PH I X)

FROGRANM TO COMPUTE THE CHARA
NOISE AT THE SENSOR. WRITI

....,-\

>TERISTIC FUNCTION OF RECEIVED
tl JUNE 1978 BY R. ZESKIND,.

--------- THPUT FILES & sesmmismmmunans
GEO= CONTAINS ROUTE/SENSOR GEOMETRIC PARAMETERS AND
SHIPPING DENSITIES COMPUTED TN GEOMETRY PRCGRAM
TL10H= CONTATNS TRANSMISSTON LOSS DATA
SOURCE= CONTAINS SOURCE RADIATED NOISE DATA , REAM

PATTERN PARAMETERS AUD OTHER FREQUFKCY DEPERDERT
PARAMETERS.
______________________ DU PUT EILE oot onnslishon o st ik i s o

PHIX= CONTAINS REAL PART OF CHARACTERISTIC FUNCTION AS
COMPUTED BY THIS PROGRAM AND THE MEAN ARD VARIARCE.
USED AS INPUT TO THE PROBABILITY DENSITY PROGRAM.

DIMENSTON G(5,13,10),NS(10),PHT(2,101),S(23,2),8UM(2, 101)
COMMON/XLOSS/TL(351,5)
DATA G/650%0.0/,RS/10%0/, PHI/202%0., 0/

(o

STATEMENT FUNCTIONS AND PROGRAM CCNSTANTS
RADS(D, XM ,S)=1.TU532952E~02*(D+ (XM/60.)+ (S/3600.))
\\']DTH(XU,I’,F,X\\')‘:M\* (BEXXG)+ (EXXG®XG)
XJ(RI,QI)=ARS(SIN(RI)/COS(QI))

DELR=2.9088821E-03
RUHO=3U37. 706771
PI=3. 14159265
TPI=z2.*P]

D10=0. 1T7TU5329252

OO0

REWIND FILES
REWTND 1
REWINDD
REWIND3
REW INDG

324
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C READ IN PATA FROM FILE GEO
READ(1,10) 1DNUM,NR
10 FORMAT(1X, 13,2X,13)
READ(1,15%) NS
15 FORMAT(1X,1013)
DO 20 K=1,NR
NUMS=NS(K)
DO 26 T=1,NUMS
READ(CY, 30)(G(1,J,K),Jd=1,13)
30 FORMAT(1X,UE20,10)
25 CONT INUE
20 CONTINUE
C
C READ IN TRANMISSION LOSS DATA
READ(2,40) T1, T2, T3
40 FORMAT(1X, A10,A10, A5)
READ(2,50)((TL(K1,K2),K2=1,5),K1=1, 351)
50 FORMAT(1X,5E15.8)
C
C CONVERT FIRST ROW OF TL FROM DEGREES TO RADIANS
DO 60 J=1,5
TLEY, J)=RADS(TL(1,4),0.,0.)
60 CONTINUE
¢
C READ IN SOURCF DATA FILE
DO 70 K=1,3
READ(3, 80) S(K,1),S(K,?2)
80 FORMAT(1X,2E20.13)
70 CONTINUE
READ(3, 80) FREQ, DELFQ
READ(3, 8 ) RAZ,BSTER, ALPHA , RWIDE
85 FORMAT(HE1R,10)
C &
C COMPUTE C AND B+1 GAMA DENSITY FUNCTION PARAMETERS
C  FROM SOURCE MFANS AND VARIANCES FOR LARGE, SMALL AND
C FISHING VESSELS
CL=S(1,1)/5(1,2)
B1L=CLXS(1,1)
€S=S(2,1)/58(2,2)
B15:=CS¥S(2,1)
CF=S(3,1)/5(3,2)
B1F=CF¥S(3,1)
C
C CONVERT BAZ ,BSTER AND BWIDE TO RADIANS
BAZ=RADS (BAZ,0.,0.)
BSTER =RADS (BSTER, 0.,0.)
BWIDE=RAPS(RWIDE,0.,0.)
c
C MHFXXXNXXNNERKNEXRRRRHNRNXNE END OF INPUT SECTION XEXKKARKF ¥R
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C
C
C
C

INITIAL CALCULATIONS
COMPUTE AMNGLE INFORMATICHN
COMPUTE AZIMUTH OF MAIN LOBE EDGES E1 AND E2

EDGE1=BSTER-(0.5*RWIDE)
IFC(EDGE1.LT.0. )EDGE 1=TPI+EDGE 1
EDGE2=BSTER+0.5*BWIDE
IF(EDGE2.GE. TPI)EDGE 2=FDGE2-TPI
C FIND THE BEAM STEERING AMNGLE WITH RESPECT TO BROADSIDE
C AND THE STEERING ANGLE FCR SUBROUTINE BEAM:
TEMP1=BSTER-BAZ
IF(BAZ.GT.BSTER)TEMP1=TEMP1+TPI
XS=TEMP1
IF(TEMP1.GT.PI)XS=XS-TPI
C TEST FCR ENDFIRE CCNDITION
JERNDF =0
: IF(XS.EQ.P1.0R.%S.EQ.~PIYIERDF=1
C COMPUTE BACK BEAM STEERING ANGLE AND EDGES E3 AND EX
BACK=PI-TEMP1
JF(TEMP1.GT.PI)BACK=BACK+TPI
EDGE3=BACK-0.5*¥BWIDE
JIF(EDGE2.LT.0)EDGE 3=EDGE 3+TP1I
EDGEU=BACK+0.5¥BWIDE
IF(EDGEY. GE.TPI)EDGE U=EDGEU4-TPT
C INITIALIZE ARGLE TO EDGE 1 AND SET ANGLE REGION 1 PARAMETERS
ANG=EDGE 1
DANG1=BWIDE/16.0
NR1=16
C COMPUTE PARAMETERS FORR THE REMAINING REGIONS
IJIF(IENDF.EQ.1)GOTO 115
C REGION TWO
TEMP2=EDGE3-EDGE?2
IF(TEMP2.LT.0.0)TEMP2=TEMP2+TPI
NR2=INT(TEMP2/D10)
DANG2=TEMP2/FLOAT(NR2)
C REGION THREE
NR2=NR1
DARGR=DANG1
C REGIOKR FOUR
TEMP=EDGE1-ELGEU4
IF(TEMP3.LT.0.C)TEMF3=TEMP3+TPI
NRU=INT(TENMP3I/D1C)
DANGU=TEMPR/FLCAT(NR!U)
COMPUTE PARAMETERS FCR ANG DO LOOP
NT=NR1+NR2+NR3+NRHU
GOTO 118
C ENDFIRE CASE
115 TEMP3=TPI-BWIDE
NREND=INT(TEMP3/D10)
DANGE=TEMPR/FLOAT(NREND)
NT=NR1+NREND
118 CONTINUE
C****“!*********«*END OF J’NITIAL SECTIONCF***K ¥EXEXFER

(@}
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C COMPUTE THE PROBABILITY OF NO NOISE, TERM DELZ
TSHIP=0.0
PO 120 K=1,NR
RUMS=NS(K)
DO 125 1=1, NUMS
TSHIP=TSHIP+G(T,10,K)*¥(G(T,11,K)+CG(T,12,K)+G(1,13,K))
125 CONTINUE
120 CONTINUFE
DELZ=EXP(-TSHIP)
C
€
C SECTION TO CCMPUTE MEAK AND VARJANCE
YMFAN=0.0
XVAR=0.0
PO 200 IA=1,NT
T10=z0.0
T11=0.0
C SELECT WHICH DANG TO USE DEPENDING ON WHICH REGION
¥ YOU ARE IN AND WHICH CASE
IF(IENDF.EQ. 1) GOTO 230
DANG=DANG)
IF(IA.GT.NR1) DANG=DARG?2
IF(TA.GT. (NR1+«NR2)) DANG=DANGR
IF(IA.GT.(NR14«NR2+NR3))DANG=DANGH
GOTO 240
20 DANG=DANG 1
IF(JA.GT.NR1)DANG=DANGE
40 CONT INUE
CONVERT ANG INTO EQUIVALENT BEAM PATTERN ANGLF
FROYM BROADSIDE
X=ANG-BAZ
IF(RAZ.GT.ANG) X=XaTPI
IFEX.GT.P1Y X=X=TPI
CALL BEAM(EP, ALPHA, X, XS)
DO 210 K=1,NR
NUMS=NS(K)
DO 220 T=1, NUMS
C TEST FOR INCLUSICN OF SEGMENRT FOR THYIS ANGLE
TEMP1=G(I,8,K)+G(1,9,K)
IF(TEMP1.GE.TPI)YTEMP1=TEMP1-TPI
ITEST=INCLU(G(T,&,K),TEMP1, ANG)
IF(ITEST.EQ.Q0) GOTC 22
C COMPUTE MULTIPLIERS
TEMP2=G(T,11,K)*S(1,1)+0(T,12,K)Y¥S(2,1)+G(1,13,K)¥S(}, 1)
TEMP3=G(T, 11, K)¥(S(1,1)%S(1,1)+5(1,2))
1T «G(I,12,K)*(S(2,1)%S(2,1)+5(2,2))

a®)

(o W R.b

1 2 +G(I,13,K)*(S(3,1)%(3,1)+5(3,2)
3-27
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C COMPUTE ANGLE DEVIATION D FROM LEFT END OF SEGMENT
D=ANG-G(I,8,K)
IF(D.LT.0.0)D=D+TPI
T13=S1N(D)
T12=C0S(D)
C COMPUTE INITIAL RANGE ANGLE RO FOR THE GIVEN
C ANGLE D AND INITIAL GIO
IRFLAG=1
0=0.0
TEMPS=2(G(I,7,K)=-D)¥0.5
TEMPC=(G(T,7,K)+D)*0.5
TEMP7=G(I,6,K)*SIN(TEMPS)/SIN(TEMPE)
TEMP8=G(],6,K)*COS(TEMPS)/CCS(TEMPG)
RO=ATAN(TEMPT )+«ATAN(TEMPR)
GIO=ATAN(TEMPR)-ATAK(TEMPT)
WI=0.5¥WIDTH(GIO,G(I,2,K),G(I,3,K),G(I,1,K))
IJF(WI.LT.DELR) IRFLAG=0
R=RO
TEMP5=0.0
C LOOP ON RANGE R FOR THIS ANGLE AND SEGMENT
TEMP6=0.0 '
61=610
300 TEMP7=2(R, ANG) ¥BP
TEMP8=XJ (R, Q) *RETA(Q,WT)
TEMPS5=TEMPS5+TEMPR*¥TEN P7
, TEMP6=TEMPG+TEVMPR*TEMP7XTEMPT
« IF(IRFLAG.EQ.0) GOTO 2350
C INCREMENT RANGE
. IF(IRFLAG.EQ.1)R=R+DELR
r IF(IRFLAG.EQ.-1)R=R-DELR
i C COMPUTE NEW GI, QI, WT
TEMP7=G(I,5,K)¥COS(R)+G(I,U,K)¥SIN(R)*T12
TEMP&=ACOS(TEMP7)

L TEMP7=ASTN(SIN(R)*T12/SIN(TEMP&))
GI=ATAN(COS(TEMP7-G(I,7,K))XTAN(TEMPR))
I Q=ASIN(SIN(TEMP7-G(I,7,K))*SIN(TEMPE))
WI=0.5%*WIDITH(GT ,G(T ,2,K) , 601 ,3,K),G(I,1,K))
C TEST TO SEE IF NEW VALUE COF QI PUTS YOU OUT OF
& THE RCUTE SEGMENT ENVELCPE.
TEMPE=ABS(Q)-WI
JF(TEMPE. GE. 0. 0. AND, IRFLAG.EQ. 1) GOTO 370
IF(TEMP8.GE.O0.0.AND.IRFLAG.EQ.-1) GOTO 350 .
GOTO 300
370 R=RO
Q=0.0
GI=GIO
IRFLAG==1
WI=0.5*WIDTH(GT,G(T,;2,K),G(T,S,K),G(T,1,K})
GOTO 200

350 T10=T10+TEVPS*TEM P2¥DELR
T11=T11+TEMPO6XTEMP3¥DELR

220 CONTINUE

C END OF SEGMENT LOOP

210  CONTIRUE
3-28 ; I‘
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YMEAN=XMEAN4T 10¥DA NG
XVAR=XVAR+T 1 1¥DANG
ANG=ANG+DANG
IF(ANG.GE.TPI)ANG=ANG-TPI
200 CONT INUE
C END OF ANGLE LOOP
XMEAN=RHOYXMFAN
XVER=RHOX*XVAR
CRXXRERXXEEXLND OF MEAN AED VARIANCE COMPUTATIONSH¥X¥Kk¥x
C*!l!ii’l?‘ii!*&l!&l\b‘r\i!l!l!.&kK!’*i*!i‘l*”k#li&r%&kb;’#\'«)’»hik
C MAIN COMPUTATION
G COMPUTE REAL PART OF CHARACTERISTIC FUNCTION
C!!ﬁlli*i?)’k
C RESET ANGLES AKND INITIALIZE F PARAMETERS
ANG=EDGE 1
F=0.0
DELF=0.01
NF=101
c*l%’;(&l«.“%‘.)‘
C LOOP ON ANGLE ANG
PO 400 IA=1,NT
C INITIALIZE SUM ARRAY TO ZERO
DO 401 KK=1,NF
SUM(1,KK)=0.0
SUM(2,KK)=0.0
401 CONTINUE
C SELECT WHICH DANG AND WHICH CASE
IFCIENDF.EQ.1) GOTQ u410Q
DANG=DANG1
IF(IA.GT.HR1) DANG=DANG?
IF(TIA.GT.(NR1+NR2)) DANG=DANG?R
IF(IA.GT.(NR1+NR2+NR2)) DANG=DANGHY
GOTO u2
410 DANG=DANG1
IF(IA.GT.NR1) DANG=DANGE
heo CONTIRNUE
C CONVERT ARG INTO EQUIVALENT BEAM PATTERN ANGLE X
C FROM RROADSIDE AMND COMPUTE BP
X=ANG-BAZ .
IF(RAZ.GT. ANG)X=X+TP1
IF{X.GT. PI)YX=X~TPI
CAlL BEAM (BP,ALPHA,X,XS)
C LOOP ON ROUTES
PO 430 K=1,NR
NUMS=NS(K)
C LOOP ON SEGMENTS
PO N0 I=1, NUMS
C TEST FOR INCLUSION OF ANG IN THIS SEGMENT
TEMPI=G(T, 8, K)+G{T ,9,K)
IF(TEMP1.GE.TPI)TEMPI=TEMP1=-TPI
ITEST=INCLU(G(I,8&,K),TEMP1, ANG)
IF(ITEST.EQ.0)GOTO HAQ
C CCMPUTE ANGLE PEVIATION D FRCOM LEFT END OF SFCOMENT
P=ANG~G(1,8,K)
IF(D.LT.0.0)D=D+TPI
TI3=SINCD)
T12=C0OS(D)
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C COMPUTE IMITIAL RANMGE RO AND GIO
TRFLAG=
Q=0.0
TEMPS=(G(T ,7,K)=D)*0.5
TEMP6=(G(T,T,K)+D)¥*0.5
TEMPT=G(T ,6,K)XSTN(TEMPS)/STH(TEMPG)
TEMPE=G(TI ,6, KY*COS(TEMPS 1 /COSCTEMPG)
RO=ATAN(TEMP?)+ATAN(TEMPE)
GIO=ATAN(TEMPL)- /\']‘f‘"('i'["]'?)

WI=0.5*WIDTH(GIO,G(T,2,K),G(T,3,K),G(T, K))
IF(WI.LT.CELR)I V} LAG=D
R=RC
GI=G10
€ LOOP OR RAGE R FOR FIXED AKGLE
50 TEMPT=BPYZ(R, ANG)
']‘H'.P("':)'..'(l\', Q) *BETA(Q,WI)
F=0.0

C LOOP Ol CP\ln(xfIISTIC FUNCTION ARGUMENT F
: DO H60 IW=1,NF
V=F¥TEMPT
CALL GAMA(V,CL,B1L,CRL,CI
CALL GAHA(V,CS,P1S,F!S,CI
CALL ann(v,rr R1F,CKF,CT
SUM(T, TW)=SUN( 1, TW) +TEN PO ¥
1 +G(T 1? K)Y*CRS+G(T,13,K)
SUNM(2, TWY =S U(2, In)+ltf *(G(T
1 +G(T1,12,K) *CIS+G(T, ?,K)*CIF)
F=F+DELF
460  CONTINUE
C INCREMENT RALGE
IF(TRFLAG.EQ.C) GOTO N70
IF(IRFLAG.EQ.1) R=R+DELR
JF(IRFLAG.FO.-1)R=R-DELR
C COMPUTE NEXT Gl, QI ARND ¥1I
TEMP7=G(I,5,K)XCOS(RY+G(I, U, E)YXSTIN(R)XT12
TEMP&=ACOS (TEVPT)
TEMPT=ASIN(SIN(R)*T13/STIN(TENPE))
GI=ATAN(COS (TEMPT-G(1,7,K))ETAN(TEMPS))
Q= A:lh(SIt(*“'F? GLI,7, h))‘\1‘(TF’P“))
WI1=0.5¥*WIDI T.G(T,2,K),G(T,3,K),G(T,1,K))
C TEST TO SEE IF hlw VALUE COF QI suxx YOU QUT CF THE ROUTE
C SEGMINT ENVELOPE
TEMPE=ABS(Q)-WI

1,01, K)}ECRL
¢

1,K)¥CIL

IF(TEMPR.CE.0.0, AND.TIRFLAG.EC. 1) GOTC 48O
IF(TEMPR.GE.0.0.AND.IRFLAG.FEQ.-1) GOTO “(0
GOTO U50
4RO R=RO
Q=0.0
GI=GIO

JRFLAG=-1
WI=0.5"WIDTH(GI,0(I,2,K),C(1,53,K),G(1,1,K))
GOTO us0
470 T1U=DELR¥PANG
DO 400 TW=1, 6 NF
PHI (Y, 1WY=PHT (1, TWY+SUNMCT, TW) ¥T 10
PHI (2, TW)=PHI(2, IW)+SUM(2, IW) XT 14
oo CONTINUE
nyo CONTINUF
Crr¥e¥pND OF SEGMENT LOOpXXX®«

~ 20
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N30 CONT TNUE :
CEERESEND OF ROUTE LOOPR#xMd <

ANG =A NG+ DA NG
IF(ANG.GE.TPTYANG=ANG-TPI
400 CONTINUE
CX¥XXXNEND OF ANGLE LOOPX¥¥¥x
C COMPUTE REAL PART OF CHARACTERISTIC FUNCTION FROM
C  SECOND CHARACTERISTIC FUNCTION
F:O.() q
DO 500 JK=1,NF :
PHT (1, JK)=DELZYEXP(RHOXPHY (1, JK) )Y*¥COS(RHO*PHT (2, JK)) j
PHI(2, JK)=F j
F=F4DFLF , w
500 CONT INUE ‘
C
CX¥EXXEND OF CHARACTERISTIC FUNCTTON COMPUTATIONSX®:X kS s
& i
C OUTPUT RESULTS TO FILE PHIX i
C
C WRITE HEADER ON FI1LE PHIX
WRITE(G,510)
510 FORMAT(1X, 26HRESULTS FROM PROGRAM CFUNK)
WRITE(G,520) 1DNUM, FREQ, DELFQ b
520 FORMAT(1X, 13, 2K10.10) :
C 4
C CONVERTS BSTER AND BWIDE TO DEGREES FROM RADIANS g
> >
BSTER=180.¥BSTER/P] §
BHIDE=180.¥BWIDE/PT %
WRITE(G, 530)YRSTER, BW IDE ;
530 FORMAT(1X,2F16.14) i
[ .r
WRITE(G,500)TSHIP, DELZ , XMEAN, XVAR i
S5H0  FORMAT(IX,E11.4, 3520, 14) i
WRITE (O, SUS)NE, DELF !
K15 FORMAT(1X, TH, E20, 1H) :
WRITE (6,550 (PHY (T, K), PHT(2,K),K=1, NF)
550  FORMAT(1X, E20. 14, 3X,E20.11) .
C
C
C REWIND FILES
REWIND 1
REWIND 2
REWIND 3
REWIND 6 |
C }
STOP i
ELD
! ..
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3.5 Subprograms

This section describes the subroutine and function
subprograms that are called from the main program of CFUNK.

3.5.7 Function Z

This function subprogram is used to return a value of
transmission loss to the main program from input values of
range and azimuth. The array TL containing the transmission
loss table is stored and labeled common XLOSS. The calling
sequence 1is:

Function Z (R, D)

where Z returned value of transmission loss in power
R = range as earth centered angle in radians
which is converted to n.m. in this function

D = azimuth in radians.

Figure 8 presents a flowchart for Function Z. Upon
entry, five delimiting angles Al to A5 in radians are set
to divide up the azimuth into the five reglons where each
of the columns of array TL are to be used. For exanmnple,
if the ﬁrgnsmission loss isjnjvvn at _the five azimuthal
angles 69, 132L, 28“0, 294° and 351 (where 69 is the first

p D
column of gL and 3517 the last) then chgosc Al = 30°, A2 = 100.5"
A3 = 208.5°, Al = 289.5° and A5 = 322.5° as the delimiting

angles. Note that the programmer must set the values of Al
to A5 in the program before execution.

Next, the function determines the row index 1 from
I = (range in n.m.)/10 + 1
The function sets Z = 0 and tests to see if the index 1 > 350

that is if the range is greater than 3500 miles. If this is
the case, the function returns to the main program,

7

If not, the program next tests to determine the two
values of delimiting angles that the angle D ties between,
and thus selects the appropriate column index Jd. Once 1
and J are found, the function then computes a value of
transmission loss Z by linear interpolation on the range.
The value of Z is then returned to the main program.

s
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Set Delimiting
Angles, Al to AS
R l~, sy B ol

Find Range Index |

Z=0.0

s
R<350 onm >
-

' RETURN ’

Find Angle Index "J

Compute Z by Lincat
Interpolation between
Values in Table TL

RETURN _)

FIGURE 8 Flowchart Function Z (R,D).
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The listing of the FORTRAN code for Funetion 2 is as
follows:

FUNCTION Z(R,D)
COMMON/XLOSS/TL(351,5)

RETURNS A TRANSMISSTON LOSS FROM THE TABLE TL

TL IS THE INPUT TRANSMISSTON LOSS TARLE FOR FI1VEF
AZIMUTH ANGLES. TEN N.M. INCREMENTS IN RANGE

z RETURNED VALUE OF TRANSMISSION LOSS

R RANGE

D ANGLE FROM NORTH

non

OO0 OO0 OO0

RADS(V)=V¥ (.0174532025)
RHO=3U437.7u6771
CONVERT RANGE FROM RADIANS TO N.M,

S O

N

RX=R*¥RHO
SET DELIMITING ANGLES
A2=RADS(100.
A3=RADS (208.
AU=RADS (2 89.
FIND RANGE INDEX I (ROW)
I=INT(RX/10.)+1
2:=0.

A1=RADS (30.)

)
A5=RADS(322.5)
IF(I.GE.350) RETURN

o0

C FIND ANGLE INDEX J (COLUMN)
IF(D.LT.AA2.AND.D.GE.AT) J=1
IF(D LT. A3 AND. D.GE< A2) J=2
IF(D.LT. AU, AND.D.GE.AR) J=3
IF(D.LT.AS. AND.D.GE.Al) J=U
EFCD. LT ATCOR. DG RS ) =5

INTERPOLATE OVER RANGE

ann

SLOPE=(TL(1+1,J)-TL(I,J))/10.
RI=(FLOAT(I)=-1,)%10.
Z=TL(I,J)+(RX-RI)XSLOPE
RETURN

END

y |
3=34
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|
|
|

3.5.2 Function BETA

The computation of the characteristic function ¢, (w)
requires a probability density function for the ship position
across the route. In Section 2 of BBN Report No. 3053 this
density function is denoted for the ith route by l"j (q), where
q 1s the earth centered angle in radilans represent =i
ing across route ship position measured from the center of
the route.

Define the width of the route, at a given point along
the route, as W where W is an earth centered angle in
radians. Define the half-width of the route as

qo = W/R

] Therefore, the probability of a ship being positioned outside
the interval -q, £ q <+ Q, is zero.

Since exact information of ship distributions across the
world's shippling routes is not available at present, a probability
density function must be chosen to model the uncertainty in
ship position within the route width W. An appropriate choice
is felt to be the BETA probabllity density function with the
parameter values both set equal to two. This density function
is symmetric about its mean value, which if chosen as the

i center of the route, does not favor one side of a route over
| the other. The density function to be used for ships' position
across the route is

Q

7 Q,
£, (q) =(-2:815 JA_(,xl(,)

for e R
0 s otherwlse

Figure 9 shows a plot of the density function,

T Bolt Beranek and Newman Inc.
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f
Qi (q)
1.875
2q,
1
1
f -3 il (G
3 0 +q0
ROUTE
CENTER

ROUTE WIDTH W

FIGURE 9 Across-Route Density Function.
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Function BETA was written in FORTRAN to return a value
of fg (q) from inputs q and q,- The calling sequencc for
1 this function is BETA (Q, QO) where

BETA - fQ (q); returned value of density function.
i

Q - q in radians

QO - 1/2 route width in radians.

Figure 10 presents the flowchart for Function BETA. The
function listing is as follows:

FUNCTION BETA(Q,QO0)
C TRANSVERSE SHIP POSITION DENSITY FUNCTION
C BETA = RETURNED VALUE OF DENSITY FUNCTION
C Q = ACROSS-ROUTE EARTH CENTERED ANGLE (RADS.)
C QO = ONE HALF THE ROUTE WIDTH
c

BETA=0.0
IF(Q.LT.-Q0.0R.Q.GT.Q0) RETURN
BETA=1.0

IF(Q0.EQ.0.0) RETURN

X=Q/Q0

X=1.0-(X*X)
BETA=(1.875%X*X)/(2.%Q0)
RETURN

END

Report 3654

Bolt Beranek and Newman Inc.
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ENTER

BETA = 0.0

FIGURE 10

Report 3654

Y
‘ RETURN ’

Flowchart for Function BETA
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3.5.3 Function INCLU
This function is used to determine if an angle C 1s
included between angles A and B. Angles A, B and C are
azimuthal angles in radians. It is assumed that A is always
counter clockwise from B. The calling sequence 1is
INCLU (A,B,C)

where

the returned value of INCLU = 41 if C is included
bpetween A and B, and zero otherwise.

Figure 11 presents a flowchart for FUNCTION INCLU. The listing
of the function is as follows:

FUNCTION INCLU(A,B,C)
C FUNCTION DETERMINES IF ANGLE C IS INCLUDED
C BETWEEN ANGLES A AND B.
C INCLU= 0 IF NOT INCLUDED
C INCLU= 1 1IF INCLUDED
c

INCLU=0

IF(B.GT.A.AND.C.GE.A.AND.B.GE.C) INCLU=1
IF(A.GT.B.AND.B.GE.C) INCLU=1
IF(A.GT.B.AND.C.GE.A) INCLU=1

RETURN

END

Report 3664
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Y

‘ RETURN ’

FIGURE 11 Flowchart for Function INCLU.
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3.5.4 Subroutine GAMA

This subroutine computes the real and imaginary part of the
characteristic function of the gamma probability density
function. The gamma probability density function is used to
statistically model the radiated noise from merchant ships.

The characteristic function is given by

R b + 1
d‘((u) = ‘Z{%—"—TZ"

where
C = M/o?
b + 1 = M¥/6?
M = Mean
o? = variance
and j = (__1—

The two parameters C and b + 1, computed in the main program
from the source mean and variance, are inputs to the subroutine.

The characteristic function can be written in terms of its
real and imaginary parts as
( C b + 1 \
Real ¢(w) = )
) VLS cos | (b + 1) Arctan (w/C)
V Ot 4w
and
| +
b vl A
IM ¢(w) = ,,__.~C e sin{ (b + 1) Arctan (w/C)
E )
Cg + u"
|
3=41

R rt 3654 Bolt Beranek and Newman 18K,
epo
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The calling sequence for the subroutine iIs GAMA (W, C,
D, CR, CI) where the inputs are:

W = argument « of characteristic function

1]

¢ parameter C of the gamma probability density function

&H

D

b + 1 parameter

and the outputs are:

1"

CR real part of characteristic function

CI = imaginary part of characteristic function.

Figure 12 presents a flowchart for Subroutine GAMA. The
listing of the program is as follows:

SUBROUTINE CAMA(W,C,D,CR,CI)
MPUTES THE CHARACTERISTIC FUNCTION OF GAMMA DENSITY
= FREQ. IN RADRS.
= PARAMETER C OF DENSITY
= B+1 PARAMETER OF DENSITY
= REAL PART
= IMAGINARY PART

X=W/C

A=(1.0/SQRT(1.0+X¥..) ) *¥D

Y=D®ATAN(X)

CR=A¥COS(Y)

CI=A¥SIN(Y)

RETURN

END

Report 3654 Bolt Beranek and Newman Inc.
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Y = (b+1) Arctan (x)

\

Compute Real Part
CR = A% cos (Y)

ece)

= g
Compute Imaginary Part
Cl = A% sin (Y)

T —— —

—)

RETURN

FIGURE 12 Subroutine GAMA Flowchart.
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3.5.5 Subroutine Beam

In Section 4.1 of BBN Report 3653 a normalized beam
pattern model was described in detail. The normalized
beam pattern values is needed in the main program, where
it is used to weight the transmission loss values.

This subroutine was written to compute the normalized
beam pattern model. The calling sequence is SUBROUTINE
BEAM (BP, ALPHA, X, XS) wherc

BP = value of normalized beam pattern to be returned.

ALPHA

i}

value of frequency dependent constant which is a
program input.

X = angle in radians with respect to array broadside
in radians, which is an input to the main program.

Figure 13 presents the flowchart for Subroutine BEAM. A
listing is as follows:

SUBROUTTNE BEAM(BP, ALPHA, X, XS)
PI=3.14159265
BETA=ALPHA* (SIN(X)=-SIN(XS))
IF(BETA.EQ.0.) GO TO 150
AVAL=ABS(BETA)
IF(AVAL.GT.2.) GO TO 100
IF(AVAL.EQ.1.) GO TO 200
TEMP1=SIN(PT*¥RETA)
TEMP1=TEMP1¥TEMP1
TEMP2=1.0/((PI*BETA)*(1.0-BETA*BETA))
BP=TEMP1¥TEMP2*TEMP2
GO TO 250

100 BP=1.0/((PI¥BETA)¥(1.0-BETA®BETA))
BP=0.5%BP*BP
GO TO 250

150 BP=1.
GO TO 250

200 BP=0.25

250 RETURN
END

|
|
!

3.0
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4. PROGRAM DENS

The final computer program in the implementation of the
Ambient Noise Model is Program DENS.

The Ambient Noise Model produces as output statistical
measures of the noise power at the output of a beamformer.
The measures that are of interest are the probability density
function of output noise power (in power), the density
function of output noise power (in db re/watt), and the
distribution function of output noise power (in db).

Program DENS calculates the probability density function

for the beamformer output noise power from the real part of its

characteristic function. This inverse transformation was
derived and discussed in Section 3.1 of BBN Report 3653. One
density function is found as a function of power (watts) and
another as a function of db gpu/\-.':xt&,). Next, the program
calculates the distribution function (in db) from the density
function in power. The program reads input data from the
previously created disk file PHIX and prints the result

at the terminal.

4.1 Input Data File

The input data for Program DENS is read from disk file
PHIX. The contents and structure of the logical records in
file PHIX were described in Section 3.3 above.

4.2 Main Program
The main program of DENS performs the following functions:

1) initialize arrays and set program constants
2) reads input data from file PHIX

3) computes the required probability density
and distribution functions

) prints the results at the terminal,

Program DENS calls three subroutines from the main
program during its execution. These subroutines are

® IFT -~ Calculates the inverse fourier transform, GX,
for a given value of X from the real part of the
characteristic function in array R. Array R, the
number of sample points JIM, and the sample point
spacing DELW1 are stored in the labeled common
arca COM.

PRIy we—
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e POW2DB - Converts a probabllity density function
in power into a probability density function in
db/re/watt.

e DIST - Calculates the distribution function in
power from an input density function in power.

These subroutines are described in Section 4.5 below.
4.2.1 Common Areas

Program DENS makes use of one common area called COM.
COM contains the real array R, a real constant DELW1l, and
an integer constant J1M. COM is used by the utility sub-
routine IFT. Array R contains the real part of a character-
istic function. J1IM is the number of sample points in the
characteristic function, and DELW1l is the sample point spacing.

4.2.2 Description and Flowchart

Figure 14 presents a flowchart for Program DENS. The
program starts by initializing constants and arrays. Next,
DENS reads data from the input data file PHIX. These items
are the header; an identification number, center frequency,
and bandwidth; the beam steering angle and major lobe width;
the total mean number of ships, the probability of no noise,
the mean noise power, and the variance in noise power; the
number of sample points and the sample spacing of the character-
istie function; and finally, the real part of the characteristic
function stored in array R.

Now, the first of three functions is calculated. The
first function is the probability density, f(X), for the noise
power at the output of a beamformer (in power). This func-
tion starts at X = 0. The calculation proceeds in two
steps; first, the contribution due to an impulse at 2zero
frequency is removed by subtracting DELZ from each element of
the characteristic function, R(J). Second, after entering a
DO loop on X, the result from Step 1 is inverse fourier
transformed using utility subroutine IFT. IFT produces a
value for f(X) for each passage through the loop. In addition,
X 1s incremented by DELX on each passage. The values of f(X)
and X are stored in FX(1,J) and FX(2,J), respectively. The
Index J runs from 1 to NX.
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( BEAM j
SET
CONSTANT
—— l._ -
COMPUTE
BETA

.

P
Pt
C BETA=0

YES
BP=1.0 ( RETURN )

COMPUTE —
BP FROM { Rt ]'URNW

P ¥s
|m_T/\|.
?

YES e A
1.00 BP = 0.25 ———-(::}LTURN \)
P - i

-

COMPUTE BP
FROM COMPLETE

FIGURE 13 flowchart for SUBROUTINE BEAM.
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INITIALIZE ARRAYS AND
SET PROGRAM CONSTANTS

READ IN
FILE PHIX

!

REMOVE THE CONSTANT TERM DELZ
FROM THE REAL PART OF THE
CHARACTERISTIC FUNCTION

DO LOOP ON X

\

i CALL IFT e

COMPUTES ONE PRINT OF
PROBABILTY DENSITY FUNCTION
FX FOR GIVEN VALUE OF X

(IN POWER)
X = X+ DELX
T S S

\

// CALL POW2DB \\

CONVERT PROBABILITY DENSITY
FUNCTION IN POWER TO ONE
IN DB

!

/ CALL DIST

COMPUTE PROBABILITY /;>

DISTRIBUTION FUNCTION
FROM POWER TO DB

CONVERT ARGUHENT OF
DISTRIBUTION FUNCTION
FROM POWER TO DB

ZCFRINT THE RESULTS /

RETURN

FIGURE 14 Program DENS Flowchart.
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The second function that is calculated by DENS is the
probability density in db (re/watt) of the noise power at
the beamformer output. It is found by using the utility
subroutine POW2DB to convert the density function in power,
f(X), into a density function in db, f(y). However, the point
X = 0 watt 1s skipped; therefore, f(y) has one less sample
point than f(X). The values of f(y) at the sample points
y are stored in FY(1,J), while the sample points are stored
in FY(2,J).

The third function that is calculated by DENS is the
distribution function (in db re/watt) for noise power at the
beamformer output. This function is found by using the utility
subroutine DIST, which produces a distribution function in
power from a density function in power. The distribution func-
tion (in db) is calculated in two steps; first, DIST is called
to operate on FX. This produces DF(I,J), where the DF(1,J)
are the sampled distribution function (in power), and the
DF(2,J) are the sample points Sj. Second, the abscissa of
the distribution, DF(2,J) are converted to db re/watt, and
stored back in DF(2,J) (note the point X = 0 is skipped).

Output data are printed at the terminal. This includes
descriptive information (such as center frequency, band width,
beam steer angle, etc.) that is pertinent to the case at hand,
followed by three tables of the density and distribution
functions.

The maximum number of sample points is fixed in the program

. as 301 for R and for FX (i.e., NX = 301). While the maximum

number for FY, and DF are one less, 300, The sample point
spacing of f(X), DELX is equal to 10". These limitations can
be changed easily by altering COMMON, DIMENSION, and DATA
statements.

4.3 Output

The output from Program DENS is printed at the computer
terminal. This is the final output of the Ambient Noise Model
for the particular case of interest.

The program prints the identification number for the
particular route and sensor geometry; the frequency band and
the center frequency; the beam steering angle and beam
width of the main lobe of the array; the total number of
ships; the probability of no noise; the mean, variance and
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standard deviation of beamformer output noise power in units
of watts; the probabllity density functlon of nolse power
in watts; the probability density function of nolse power
in db; and the probability distribution function of noise
power in db. Table 6 shows the structure of the printed
output from Program DENS.

4.4 Glossary and Program Listing
The following glossary contains definitions of the FORTRAN

constants and variable names used in Program DENS, The names
are presented in alphabetical order.

BSTER - beam steer angle (deg.)
BWIDE - width of major lobe (deg.)
DELK - sample point spacilng :n characteristic function

(radians/sec).
DELIFQ -  beamformer bandwidth (Hz).

DELW1 - sample point spacing; used in subroutine IFT
(radians/sec).

DELX -~ sample point spacing of density function f(X).
DELZ - probability of no noise.
DR(1,J) - distribution function of beamformer output noise

at sample point J.
PR(1,d) - sample polint J of distribution (db/re watt).
FREQ - beamformer center frequency (Hz).

FX(Y,J) - probability density (in power) of beamformer
output noise at point X;

FX(2,d) - sample point X; in probability density (watts)

FY(1,d) - probability density (in db re/watt) of beamformer
output noise at point y.

FY(2,J) - sample point y; in probability density (db re/watt)

4.5
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TABLE 6  STRUCTURE OF THE OUTPUT OF
PROGRAM DENS
(NOTE: Each Yine represents one line of printout)

10 NUMBER =

FREQUENCY =___ HZ
CENTER FREQUENCY = HZ
BEAM STEERING ANGLE = DEG
BEAM WIDTH (MAJOR LOBE) = DEG
TOTAL AVG. NUMBER OF SHIPS =
PROBABILITY OF NO NOISE =
MEAN BEAMFORMER OQUTPUT NOTSE POWER = WATTS
VARIANCE OF BEAMFORMER OUTPUT NOISE POWER =
e WATTS %2
STAND. DEV. IN OUTPUT NOISE POWER =

__ WATTS

PROBABILITY . POWER (WATTS)

DENSTTY . £X)
CFX) .
NX :
LINES )
PROBABILITY . POWER (DB)
DENSITY . )
(FY) . (RE/WATT)
NX-1 ;
LINES j
DISTRIBUTION -« POWER (DB)
FUNCT LON . D)
(DF) . (RE/WATT)
NX =1 )
LINES >
-6
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IDNUM - Jldentification number for this case.
J1M - number of sample points; used in subroutine
I = NF.
JN - number of sample points -1; used internally to
skip X = 0 in db conversions.
NI - number of sample points in characteristic function.
é NX = number of sample points in f(X).
PHIX - iInput data file.
R(J) - real part of characteristic function; used in
subroutine IFT.
TEMP(I,J) - working array.
TSMIFP - total mean number of ships.
XMEAN - mean beamformer output noise power (watts).
XSTD - standard deviation of beamformer output noise
power (watts).
XVAR - variance of beamformer output noise power (watts?).

The listing of Program DENS is as follows:

PROGRAM DENS(OUTPUT,PHIX, TAPE1=PHIX)
16 e e o 1
C THIS PRCGRAM CALCULATES THREE FUNCTIONS THAT ARE USED IN THE
C AMBIENT NOISE MODEL . FIRST, IT FINDS THE PROBABILITY DENSITY
C FUNCTION ( IN POWER ) FROM ITS CHARACTERTISTIC FUNCTION. SECOND,
C THIS DENSITY FUNCTION IN POWER IS CONVERTED INTO A DENSITY
C FUNCTION IN DB/ RE 1 WATT. THIRD, THE DISTRIBUTION FUNCTION
C ( INDB ) IS CALCULATED. WRITTEN 21JULY1978 BY W.SCOTT.
C

- - - -

COMMON/COM/R(301), DELWT, J 1M
DIMENSTON FX(2,301),FY(2,300),DF(2,301), TEMP(2, 200)
DATA R/301%0.0/ ,NX/301/,DELX/1.0E0U/, TEMP/600%0. 0/
DATA FX/602%0.0/,FY/600%0.0/

REWIND 1
C READ IN TRASH

READ(01,100)
100 FORMAT(1X, 26H )

l;_7
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anan

READ IDNUM, FREQ, DELFOQ
READ(01,150) IDNUM, FRFQ, DELFQ
150 FORMAT(1X, I3,2F10.4)
READ BEAM STEERING ANGLE AND MAJOR LOBE WIDTH
READ(D1,200) PBSTER, BWIDE
200 FORMAT(1X,2F15.4)
READ TSHIP, DELZ, XMEAN, XVAR
READ (01,250) TSHTP, DELZ, XMEAN, XVAR
250 FORMAT(1X,E11.4,3E20. 1k)
READ NF, AND DELF
READ(01,300) NF, DELF
300 FORMAT(1X, It, E20, 11)
READ IN THE CHARACTERISTIC FUNCTION
READ(01,350) ( R(K),K=1,NF)
350 FORMAT(1X,E20.14,/)
SET THE NUMBER OF SAMPLE POINTS AND THE FREQUENCY SPACING
IN THE CHACTERISTIC FUNCTION.

JIM = NF
DELW! = DELF

REMOVE CONTRIBUTION FROM DELTA FUNCTION AT FREQ=0.0 .

DO 400 I = 1,NF

R(I) = R(I)-DELZ
400 CONTINUE

CALCULATE THE PROBABILITY DENSITY IN POWER

X = 0.0
DO 450 J = 1, NX
CALL IFT(GX,X)
FX(1,3) = oX
EXtR,d) = %
X = X+DELX
450 CONTINUE

FIND THE PROBABILITY DENSITY IN DB/RE IWATT.(SKIP X=0.0)
JN = NX-1
PO 500 J = 1, JN
TEMPE?.J) = FX§1,J+1;
TEMP(2,J) = FX(2,J+1

500 CONTINUE
CALL POW2DB(TEMP,JN,FY)

FIND THE DISTRIBUTION FUNCTION IN DB/RE IWATT.
FIRST FIND THE DISTRIBUTION FUNCTION IN POWER; THEN,
CONVERT THE ABSCISSAE TO DB.

§-8
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CALL DIST(FX,NX, DF, DELZ)
DO 550 K = 2, NX
DF(2,K) = 10.%¥ALOG10(DF(2,K))
550 CONTINUE
XSTD = SQRT(XVAR)

C PRINT DATA AT TERMINAL

PRINT 1900
PRINT 650
650 FORMAT(1X,408 THE FOLLOWING DATA ARE THE RESULTS OF)
PRINT 700
700 FORMAT(1X,36H  PROGRAM DENS, WRITTEN 21JULY78 BY)
PRINT 750
750 FORMAT(1X,11H  W.SCOTT.)
PRINT 1900
PRINT 800, IDNUM
800 FORMAT(1X,12HID NUMBER = ,I3)
PRINT €50, FREQ
850 FORMAT(1X, 12HFREQUENCY = ,F10.4,3H HZ)
PRINT 900, DELFQ
900 FORMAT(1X, TGHCENTER FREQUENCY = ,F10.4, 3H HZ)
* PRINT 950, BSTER
950 FORMAT(1X,22HBEAM STEERING ANGLE = ,F15.4,U4H DEG)
PRINT 975, BWIDE
975 FORMAT{(1X, 19HMAJOR LOBE WIDTH = ,F15.4,U4H DEG)
PRINT 1000, TSHIP \
1000 FORMAT(1X,29HTOTAL AVG. NUMBER OF SHIPS = ,E11.4)

PRINT 1050, DELZ

1050 FORMAT(1X,26HPROBABILITY OF NO NOISE = ,E12.6)
PRINT 1100, XMEAN

1100 FORMAT(1X,37HMEAN BEAMFORMER OUTPUT NOISE POWER =
1 E12.6,6H WATTS)
PRINT 1150 .

1150 FORMAT(1X,44HVARIANCE OF BEAMFORMER OUTPUT NOISE POWER = )
PRINT 1175, XVAR

1175 FORMAT(1X,E12.6,9H WATTS¥*2)
PRINT 1200

1200 FORMAT(1X,35HSTAND. DEV. IN OUTPUT NOISE POWER =)
PRINT 1225, XSTD

} 1225 FORMAT(1X, E12. 6,6H WATTS,////)
‘ PRINT 1250

1250 FORMAT(1X,27H PROBABILITY . POWER(WATTS))
PRINT 1300

1300 FORMAT(1X,22H DENSITY . (X))
PRINT 1350

1350 FORMAT(1X, 14H (FX) o)
PRINT 1400

1400 FORMAT(1X,2TH. seveneennns
FRINT 1500, CEX(1,d),FX(2

L 3) 351, KX

1;_9
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1500

1550

1600
1650

1700

1750
1800
1850

1900
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FORMAT(YX,E12.6, 30 . ,E12.6)
PRINT 1000

PRINT 1550

FCRMAT(1X,27H PROBABILITY .
PRINT 1600
FORMAT(1X, 22H
PRINT 1650
FORMAT(1X, 25H (EY) .
PRINT 1400

DENSITY .

BERENT 1700, CFECL J0E802 a0,

FORMAT(1X,E12.6, 3H
PRINT 1900

PRINT 1750
FORMAT(1X,25H DISTRIBUTION.
PRINT 1800
FORMAT(1X, 22H
PRINT 1850
FORMAT(1X, 25H (DF) )
PRINT 1400

2 FT.2)

FUNCTION .

PRINT 1700, (DF(1,J),DF(2,J),

PRINT 1900
FORMAT(1X,///)
REWIND 1

STOP

END

4-10
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(RE/WATT))

J=2, NX)




3=k

[ gy ey i .-‘-Er E
4 A il i T L G Py
Report 3654 Bolt Beranek and Newman Inc.
4.5 Subroutines
This section describes the three subroutines that are
called from the main program of DENS, i

4.5.1 Subroutine IFT I

In Seetion 3.1 of BBN Report 30653, a numerical method
was developed to evaluate the special form of the inverse
Fourier transform given by:

4w
£fix) = g R(w) coswx dx
1 3
0
|
for x > 0, where R(w) is the real part of the character- I3
‘ istic function of the probability density function f(X) of the !
| positive real random variable X. I
)‘
f The purpose of this section is to document the Subroutine 1

IFT, which implements this numerical method.

The calling sequence is Subroutine IFT(FX,X) where X is the
value of the average square pressure and FX is the value of
| the probability density function returned by the subroutine.
Data is passed from the main program to the subroutine in
a common storage area labeled COM, which contains the
following:

[

R(301) an array containing the real part of the

characteristic function,
DELWl1 - the integration step size in the w domain,
J1M - the number of sample points in the w domain.

Figure 15 presents a flowchart for SUBROUTINE IFT.
Upon entry, the subroutine tests to see if X is equal to zero.
If X is equal to zero then f(0) is computed by a numerical
approximation to the equation
X

£(0) = %ufﬂ R(w) dw

3 0

411
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FIGURE 15

Flowchart of Subroutine IFT.
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developed in Section 3.1 of BBN Report 3653. If X > 0, then
£(X) 1s computed by the appropriate formula developed in
Section 3.1 of BBN Report 3653.

A listing of Subroutine INT is as follows;

| SUBROUTINE IFT(FX, X)

S COMPUTES TNVERSE FOURTFR TRANSFORM
COMMON/COM/R(301),PELW1, J1M

PI=3, 14159265

K1=J1M=-2
IF(X.NE.0.0)G0O TO 150
FACT1:=2.0/(3.%PI)
SUM1:=0.
PO 100 K=1,K1,2
SUM1=SUM1T+R(K)+2,.¥R(K+1)

100 CONTINUE
SUM1=DELW1*¥(R(J IM)=R(1)+2.%SUM1)
FX=FACT1X¥SUM1
GO TO 300

150  C=COS(2.%DELW1%*X)
S=SIN(2.¥DELW1%X)
Y2=1.
Yi1=0.
SUM1=0.
FACT2:1./ (PT¥X¥X)
FACT3=FACT2/X
DO 200 K=3,K1
FACTU=R(K=2)- ﬁ ¥R(K-1)+6.%R(K)=U.¥R(K+1)+R(K4+2)
FACTS= (2. ¥R(K=2)-U.%R(K=1)44.*¥R(K+1)=2.%R(K+2))/(DELW1¥X)
SN=Y 1¥C+Y2*S
CN=Y2¥C-Y1%S

Y1=SN
Y2=CN
SUM1=SUM1+FACTU¥CN-FACTH*SN
200 CONTINUE
C
SN=Y 1%¥C+Y2*S
CN=Y2%C.-Y1%S
Y1=SN
Y2=CN
SUMT1=SUM1+3,.%*R(1)-U_ ¥R (2)+
SUM1=SUMI+(R(JIM=2)=U.¥R(J )+3 ¥R(J1M) )XCN
SUM1=SUM1I¥FACT2/DELW1
TEMP=R(J IM=2)=2.%¥R(J 1M=1)+R(J 1M)
TEMP=2.%¥ (R(J IM) *X*X-TEMP/(DEL DELW1))
" FX=SUM1+TEMP*SN¥FACT?3
300 RETURN

END

“-13
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4.5.2 Subroutine POW2DB

This subroutine converts a probability density function
of a random variable in power to a probabllity density
function of a random variable in db.

Let Y be a random variable in units of db with probability
density function Py(y). Let X be a random variable in units
of watts wlith probability density function b\\n). These randon
varlables are related through the nonlinear fransformation:

Y = 10 log X (1)
10

The inverse transformation is

A
X = g+

(2)
>
It 1is assumed that x - 0.

Since probabillity measure Is conserved, the following differenti
relaticnship is valid:

¥

oty = P, {x ' &
Py(y) ay 'y (x) dx (3)

h]

From Fquation 3 and the differential of Equation 2 the resulti
formula for I‘).( y), given h‘\ (x) dis:

Y10 Y10
I‘Y(y) = (0.2302%8) 10 1l"\(|() ) )

This subroutine implements Equations 1 and #. The calling
sequence for Lhe subroutine ig POWIDB (PX.N.PY) where N is
the number of sample points in X and in ¥; PX is a (2xd
dimensioned array contalning the density where

_—

)

X 1] ¢ . < (8
PX(1,0) lx(x) d

PX(2,d) = X; and

-1y
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PY 15 a (2xN) array containing the computed values of the density
function in dbp where PY(1,J) = Py Qy )} and PY(2,J) = ¥. PFigure 10
shows the tlowchart for this subrouline. A listing of iLhe
subroutine is as lrollcws:

SUBROUTINE POW2DB(PX, N, PY)
DIMENSTON PX(2,N),PY(2,N)

SUBROUTINE WRITTEN 30 NOV 1076 BY 7FESKIND
CONVERTS PROBABILITY DENSITY FUNCTION FROM POWER RATIOQ
TO DB RE: MICRO PASCAL

N= NUMBER OF SAMPLE POINTS
PX(1,J)= P(X)= DENSITY IN POWER
PX(2,Jd)= X = POWER RATIO
PY(1,J)= P(Y)= DENSITY IN DB
PY(2,d)= ¥ = 10 LOG X = DB

A=(10.0)%*(0. 1)
. DO 100 J=1,N
PY(?.J):10.0*ALOGIO(PX(?,J))
& PY(1,J)=(0.230258509299 40 ) *(
100 CONTINUE
RETURN
END

AXEPY (2, ))¥PX(1,J)

=14
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( POW20DB )

1
A = ]0/10

DO LOOP ON

-+ —————— e

DATA POINTS
(

Y = 1010g,, X

\

P, = (0.230258) A" F (x)

\
( RETURN )

|
I
|
l
l
l
l
|
l
I
l
[
I
|

FIGURE 106 Flowchart of SUBROUTINE POW2DB.
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4 .5.3 Subroutine DIST

This subroutine computes the probability distribution funciton
D,(x) from the 1Input density function F,(x). It is assumed

that I, (x) only has non-zero values for x20, It is further
assumcll that F (x) can have a un!t impulse function &6(x) at
x=0 of magnituﬁc A. The formula relating DX to FX is given by:
X
Dy (x) = A §(x) +f Py (£)dg
0

Subroutine DIST implements this equation. The trapizoidal method
of integration is used to approximate the integral, with an
integration step size depending cn the sample points of

Pz},

X

The calling sequence for the subroutine is DIST (F,N,DF, DELTA)
where N is the number of sample points; F is a (2xlN) dimensioned
array containing the probability density function F_(x) in

row }(1,K) and the corresponding value of x in row ﬁ(R,K);

DELTA is the magnitude of the unit impulse function; and

DF is a (2,N) dimensioned array containing the computed distribution
function D, (x) in row DF(1,K) and the corresponding value of X

in row DFF(2,K).

Figure 17 shows the flowchart for Subroutine DIST. The variable
S is a running sum, initialized to DELTA, which represents the
integral as the DO loop steps through the values of X. DELX

is a variable which is equal to one-half the integration

step size at each value of X. A listing of the subroutine

is as follows:

SUBROUTINE DIST(F,N,DF,DELTA)
"DIMENSION F(2,N),DF(2, N)

C WRITTEN 2 DEC 1976 BY ZESKIND

C CALCULATES THE DISTRTRUTTON FUNCTION FROM THE INPUT
C DENSITY FUNCTION. DENSITY FUNCTION HAS N SAMPLE POINTS.
C TRAPIZOIDAL INTEGRATICN .

h-17
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Figure 17

( RETURN )

Flowchart of Subroutine Dist.
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s
SET INITIAL POINT
DF(1,1) = DELTA
DF(2,1) Fi2s1}
]
INITIALIZE RUNNING SUM
S = DELTA
s D._LOOE
(K 2.N{}
EQUATE X, VALUES
DF(2,K) F(2,K)
\
COMPUTE STEP SIZE
_ | 20
DELX (xi -xi_])
|
\
COMPUTE RUNNING SUM
§ = § DELX(rx(xi) .rx(xi—1))
h
SET
DF(1,K) S
I
s e ki S A N A S, o, i Al s oS —
\
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C DELTA= MAGNITUDE OF DELTA FUNCTION AT OCRIGIN OF F(X).
C F(1,N)= DENSITY
C F(2,N)= X = POWFR RATIO
C DF(1,N)= DISTRIBUTION FUNCTION
C DF(2,N)= X
c

DF(1, 1)=DELTA
BE(2, 1)=F¢2. 1)
S=DELTA
DO U0 K=2,N
PEP(2, K)=F(2,.K)
DELX=(F(2,K)-F(2,K-1))/2.0
S=S+DELX*(F(1,K)+F(1,K-1))
DECT,K)=S
40 CONTINUE
RETURN
END

<19
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